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BEFORE THE 

PUBLIC SERVICE COMMISSION OF WISCONSIN 

In the Matter of the Revision by the Commission of the 1 
Rules and Regulations Governing the Construction, Opera
tion, and Maintenance of Lines and Equipment Owned, J 
Managed, Operated, or Controlled by Every Public Utility U-2776 
and Every Railroad Along or Across any Public Highway 
or Private Right of Way over which Electrical Energy is 
Transmitted, or Messages are Transmitted or Conveyed. 

ORDER APPROVING ELECTRICAL CODE 

WHEREAS copies of Volume 2 of the fifth edition of the code as 
adopted August 30, 1944; November 21, 1944 and amended February 
25, 1949 have become e5chausted and changes in material and methods 
have made it desirabl~ to revise both volumes of the code; and 

WHEREAS a joint investigation has been conducted by the Industrial 
Commission of Wisconsin and the Public Service Commission of Wis
consin involving the revision of the standards. of safe electrical 
construction and operation; and 

WHEREAS all railroads and public utilities under the jurisdiction of 
this Commission and subject to the requirements of 'Ohapters 195 and 
196 of the Statutes have had due notice of the hearing held in con" 
nection with the aforesaid investigation; and' 

WHEREAS as a result of such investigation certain changes in, and 
additions to, the Wisconsin State Electrical Code have been adopted 
and promulgated by the Industrial Commission of Wisconsin as their 
General Orders Nos. 1000 to 1452 and 1600 to 1652 inclusive, effective 
July 25, 1951, as more particularly shown in said code; 

FINDING 
THE COMMISSION FINDS: 

That the requirements set forth in the order herein made are 
propel' and necessary to be prescribed for the railroads and public 
utilities of this state. 

ORDER 
IT IS THEREFORE ORDERED: 
(1) That all railroads and public utilities subject to the jurisdic

tion of this Commission and sub.iect to the requirements of Section 
196.74 be and are hereby required to observe and conform to the 
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standards of construction, maintenance, and rules of operation as 
established by the Wisconsin State Electrical Code adopted by the 
Industrial Commission, which is hereby approved and adopted as an 
order of this Commission. 

(2) That to make the latest code available to the public. 

a. Volume 2 of the fifth edition shall be reprinted and shall con
tain all revisions to the date of this order. 

b. A supplement to Volume 1 of the fifth edition shall be printed 
containing all changes made since November 1944 to the date of this 
order. 

Dated at Madison, Wisconsin, this 25th day of July, 1951. 

PUBLIC SERVICE COMMISSION OF WISCONSIN 

JOHN C. DOERFER 

Chair1nan 

JAMES R. DURFEE 

C01n1nissionlM' 

W. F. WHITNEY 

C 01n1nissioner 
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WISCONSIN STATE ELECTRICAL CODE 

Preface 

By Chapter 101 of the revised statutes, it is the duty of the Indus
trial Commission to :fix standards ·of safety in all places of employ
ment and to formulate rules and regulations relative to the enforce
ment of such standards. It is further the duty of the Industrial 
Commission to fix similar standards and formulate rules and regula
tions relating to fire hazards or to the prevention of fires in buildings 
so situated as to endanger other buildings or property. 

The first electrical code was adopted in 1917. Between 1917 and the 
present date, the 1917 code orders were revised and changed a number 
of times. 

The first printing of the fifth edition contained some orders which 
became effective August 30, 1944 and some that became effective 
December 21, 1944. Certain amendments became effective February 
25, 1949. 

The fifth edition was the first code that was printed in two volumes 
to accommodate various interests who use some parts of the code 
to the exclusion of others. When reference is made to the Wisconsin 
State Electrical Code, both volumes are meant. 

Because copies of volume 2 of the code became exhausted and new 
materials and methods have become available, it was decided to 
reprint and revise volume 2 and to print a supplement for volume 1. 
. The following committee representing the organizations noted, 
together with the advisors given below, met with representatives of 
the Indl1strial and Public Service Commission at various times to 
formulate recommendations to be presented to the Commission. 

CODE COMMITTEE 

.Tohn E. Wise, Madison, Chairman of Committee, Industrial Com-, 
mission of Wisconsin. 

R. E. Purucker, Madison, Secretary of Committee, Public Service 
Commission . 

.T. A. Dickinson, Washington, Bureau of Standards. 
W. A. Haig, Milwaukee, Milwaukee Building Inspection Department. 
George C. Cooper, West Allis, Wisconsin Manufacturers' Associa-

tion. 
L. A. Wood, Chicago, Association of American Railroads. 
E. J. Kallevang, Madison, Wisconsin Utilities Association. 
B. H. Barg, Milwaukee, Electrical Contractors' Association. 
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J. B. Wilkinson, Milwaukee, Fire Insurance Rating Bureau. 
Wm. Harnack, Wauwatosa, Wisconsin State Federation of Labor. 
G. W. Searle, Milwaukee, Wisconsin Telephone Company. 
Orville R. Nichols, Milwaukee, Wisconsin Electrical Association. 
C. T. Evans, Milwaukee, Electrical Utilization Equipment Manufac-

turers. 
Herman P. Siebkin, Madison, State Telephone Association. 
The persons consulted as technical advisors were: 
G. A. Benjamin, Minneapolis, Western Union Telegraph Company. 
Walter Gerke, Milwaukee, Wisconsin State Federation of Labor. 
W. E. Gundlach, Milwaukee, Wisconsin Electric Power Company. 
E. H. Herzberg, Milwaukee, Manager Electrical Contractors' Asso-

ciation, Milwaukee Chapter. 
R. C. Siegel, Milwaukee, Wisconsin Telephone Company. 
C. L. Smith, Chicago, Electrical Field Engineer, National Fire Pro

tection Association. 
W. S. Wilder, Milwaukee, Wisconsin Electric Power, Company. 
H. E. Reinhold and L. W. Butler, Milwaukee, Wisconsin Telephone 

Company. 

The formal hearing was held at Milwaukee on January 12, 1951, at 
which time the committee's report was submitted to the two com
missions. Following the hearing the committee considered certain 
questions raised at the hearing and made recommendations to the 
commissions. The committee's recommendations and other suggestions 
were considered fully and the Industrial Commission's action was pub
lished in the official state paper on June 25, 1951, and hence became 
effective thirty days later, namely, July 25, 1951. The Public Service 
Commission's order became effective as of the same date. 

LOCAL ELECTRICAL REGULATIONS 

Section 101.16 subsection 1 of the statutes provides that when any 
orders of the Industrial Commission have been filed with the clerk 
of any village or city it then becomes the duty of local officers to 
enforce such orders and thereafter no local officer shall make or 
enforce any order contrary to such orders. 

However, nothing in this Electrical Code shall be understood to 
limit the power of any town, village or city to enact and enforce 
additional or more stringent local regulations, provided the same do 
not abridge or conflict with this code or any other orders of the 
Industrial Commission. The State Electrical Code sets forth the 
minimum construction requirements for the entire state, but where 
local regulations are more stringent, in whole or in part, the addi
tional local requirements must also be met. 

Less stringent local regulations are held to be amended or modified 
by similar orders of the Industrial Commission. 



Statutes Affecting Interior Wiring, Transmission Lines, etc. 

Section 167.16 of the Statutes requires the following regarding 
electric wiring. 

RegUlation of Electric Wiring. 167.16(1) It is hereby 
made the duty of every contractor and other person who does 
any electric wiring in this state to comply with the Wiscon
sin State Electrical Code, and the company furnishing the 
electrical current shall obtain proof of such compliance be
fore furnishing such service; provided, that nothing therein 
contained shall be construed as prohibiting any municipality 
from making more stringent regulations than those contained 
in the above mentioned code. Proof of such compliance shall 
consist of a certificate furnished by a municipal or other 
recognized inspection department or officer, or if there is no 
such inspection department or officer it shall consist of an 
affidavit furnished by the contractor or other person doing 
the wiring, indicating that there has been such compliance. 

(2) Any person who shall violate the provisions of this 
section shall be deemed guilty of a misdemeanor and shall be 
punished by a fine of not less than twenty-five dollars nor 
more than one hundred dollars, or by imprisonment in the 
county jail not less than thirty days nor more than six 
months. 

The following forms of affidavit, one form for the contractor and 
one for the electrical inspector, are suggested: 

SUGGESTED FORM OF AF1FIDAVIT TO BE USED BY 
ELECTRICAL INSPECTOR 

State of Wisconsin 
___________ County 

City f 
Village ---------
Town 

ss 

I, - ________________________ , do hereby certify that I am the duly 
appointed, qualified and acting electrical inspector of said city, village 
or town; that I have inspected the following described electric wiring 
installed by, ____________________________ , on the premises occupied 
by ---____________________ , and located at No. ____________ Street, 
in said city, village or town, and that said wiring complies with the 
Wisconsin State Electrical Code. Description of wiring inspected, 

~--------------------------------------------------------------Dated ____________________________ , 19 ___ _ 

Electrical Inspector 



10 

SUGGESTED FORM OF AFFIDAVIT TO BE USED BY 
ELECTRICAL CONTRACTOR 

STATE OF WISCONSIN } 
• ss County of _____________ _ 

- _________________________ , being duly sworn by oath, says that he 
is the person who * ________________ the following described work of 
wiring for electricity in the ** ___________________________ , occupied 
by ______________________ , and located *** _____________________ _ 
in the County of __________________ , Wisconsin, and that all of said 
described electric wiring at the location above was done so as to 
comply, and does comply, with the Wisconsin State Electrical Code, 
and that this affidavit is made pursuant to and in compliance with 
the provisions of section 167.16 of the Statutes. 
Description of wiring done _____________________________________ _ 

(Signed) _______________________ _ 

Subscribed and sworn to before me, 
this ______ day of _________ , 19 ___ . 

Notary Public, _______ County, Wis. 

Section 196.72(1) of the Statutes requires 

(1) Every public utility shall immediately report to the 
Commission (Le. Public Service Commission) every fatal 
accident occurring upon its premises 01' directly or indirectly 
arising from or connected with its maintenance or operation. 

Section 102.37 of the Statutes requires 

Every employer of three or more persons and every em
ployer who is subject to the workmen's compensation act 
shall keep a record of all accidents causing death 01' dis
ability of any employee while performing services growing 
out of and incidental to the employment, which record shall 
give the name, address, age and wages of deceased 01' injured 
employee, the time and causes of the accident, the nature and 
extent of the injury, and such other information as the. In
dustrial Commission may require by general order. Reports 
based upon this record shall be furnished to the Industrial 
Commission at such times and in such manner as it may 
require by general order upon forms to be procured from the 
Commission (i.e. Industrial Commission). 

In connection with Section 102.37 of the statutes quoted above, the 
Industrial Commission has issued the following rule 2 of its "Rules 
of Practice of Industrial Commission of Wisconsin." 

Employers under the provisions of the workmen's com
pensation act within one day after the fatal termination of 
an accident or industrial disease, shall make a brief report 

*' Space If'ft for the ,vord °dId" or "Htlpel'viseu." ** Specify resldellce, 
iJal'1l or other building' in whi~h wiring wail dOllE', ••• Tn villagE'S anel 
.. iti"" inilp.l't "il'E'et fllld numher and name of pity or vi1ing'''' Tn 
lInill(~nl·pol·nt{\(l t0rritory inR0rt spctiOll nlll'llhcr and ]lUIHe of to'VI1. 



of this occurrence to the Industrial Commission by tele
graph or by letter. They shall also make a report on Form 
A-i2 on the fourth day after the accident or beginning of 
disability from occupational disease upon every accident or 
disease causing death or a disability which exists beyond 
the third day after the employee leaves work as a result of 
the accident. 

Self-insured employers and insurance companies on all 
accidents which require a first report must: 

1. Make a supplementary report on Form A-i3 on the 
eleventh day following that on which the accident- occurred. 

2. Make another supplementary report immediately when 
payments are stopped for any reason. This report must be 
accompanied by an explanatory memorandum, if there is a 
dispute with the injured man. 

3. Make a final report on Form A-i3 when final payment 
of compensation has been made, which must be accompanied 
by (a) a copy of the final receipt signed by the injured 
employee; and (b) a report from a physician, if the dis
ability exceeds three weeks or if there is any permanent 
disability, unless there has been a hearing before the 
Commission. 

4. Supply to the employe copy of final report on Form 
A-13 in all cases at the time of final payment, and final 
physician's report in cases where disability has extended 
beyond three weeks following the date of injury, or where 

- permanent disability has resulted. 
5. Make immediate report of any amputation which 

requires an artificial member or appliance. 
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Some of the other laws that have a bearing on electric construction 
and safety are as follows: 

Section or Chapter 
Laws of 1949 Subject Matte-r 

Chapter 101 ______________ -Creation and duties of Industrial Com-
mission .-

Chapter 102 ______________ Workmen's compensation act 
Chapters 195 and 196 --____ Creation and duties of Public Service 

Commission 
Section 86.16 _____________ Poles on highways 
Section 180.17 _____________ Transmission lines 
Section 180.18 _____________ Wires over railroads 
Section 196.171 ____________ Examination of meters, pipes, fittings, 

wires and works; entering buildings 
for 

Section 180.19 ______________ Damages for non-delivery of message 
Section 196.67 _____________ Transmission lines and warning signs 
Section 196.74 _____________ Safety and interference 
Sections 343.17 and 98.25 ___ Diversion of current 
Section 343.175 ____________ Fraudulent use of gas, electricity, water 

and steam 
Section 343.724 ____________ Poles on private property 
Section 343.43 _____________ Injury to property 
Section 348.38 _____________ Injury to wires 

The above is not a complete list of laws covering all the subject 
matter involved nor aU the laws administered by the Public Service 
Commission and Industrial Commission. 
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Other Industrial Commission Publications 

Flammable Liquids Code 
Building Code 
Elevator Code 
Boiler Code 
Industrial Lighting Code 
School Lighting Code 
Refrigerator Code 
Heating and Ventilating Code 
Cleaning and Dyeing Code 
General Orders on Existing Buildings 
General Orders on Dusts, Fumes, Vapors and Gases 
General Orders on Safety in Construction 
General Orders on Fire Prevention 
General Orders on Sanitation 
General Orders on Safety 
General Orders on Spray Coating 
General Orders on Quarries and Pits 
General Orders on Mines 
General Orders on Tunnel, Caisson and Trench Construction 
General Orders on Explosives 
General Orders on Electrical Fences 
General Orders on Liquefied Petroleum Gases. 

Enforcement 

The authority for the enforcement of this code is vested in the 
Public Service Commission with respect to the installation and opera
tion of circuits or equipment by public utilities in the exercise of 
their functions as utilities; and in the Industrial Commission with 
respect to the installation and operation of circuits or equipment 
affecting employees, employers, 01' the public. 
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INTRODUCTORY PART 

VOLUME 2 

GENERAL REQUIREMENTS AND DEFINITIONS 

Order 1000. Scop,e of Code. 
This code, consisting of two volumes, shall apply as minimum fire' 

and safety requi~ements for the construction, installation, and main
tenance of all electrical and communication circuits and equipment 
including signal, radio, and lightning rod equipment; and includes 
rules to be observed in the operation of electrical and communication 
equipment and lines. 

SECTION 101. GENERAL REQUIRF!MENTS 

Order 1010. Character of Construction, Maintenance and Operation. 
All electrical and !)ommunication equipment and lines shall be of 

such, construction, and so installed, operated, and maintained as to 
minimize the life and fire hazard. 

Order 1011. Use of Approved Materials and Construction Methods. 
A. Materials. No materials, employed in construction covered by 

this code, shall be used which have not been approved by the Indus
trial Commission or Public Service Commission. 

Exception': Materials which comply with the requirements of this code 
are, hereby approved. 

Note: It Is the policy of the administrative authority to approve 
materials. devices. and systems which are listed as standard by the 
Underwrltets' Laboratories if they do not conflict with the require
ments of this 01' other state codes or ,the iaws of the state. 

B. Methods of Installation. No methods of installing electrical ma
terials or devices in construction covered by this code shall be used 

'which are not approved by the Industrial Commission or Public 
ServlceCommission. 

Exception: Methods of installation which comply with the require
ments of this code al'e hel'eby approved. 

Order 1012. Construction, Inspection and Repairs. 
All construction and eqUipment shall be cleaned when necessary 

and inspected at such inter~als 'as ,experience has shown to be neces
sary. Any equipment or consl;ruction known to be defective so as to en
danger life or property shaH be promptly repaired, permanently dis
connected, or isolated until repairs can be made. Construction, repai~, 
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additions and changes to electrical equipment and conductors shall be 
made by qualified persons only. (See also Orders 1211 and 1213.) 

Order 1013. Application of Orders. 

A. Waiving Orders. The orders are intended to apply to all in
stallations except as modified or waived by the proper administrative 
authority. They are intended to be so modified or waived in par
ticular cases wherever any rules are shown for any reason to be 
impracticable, such as by involving expense not justified by the pro
tection secured; or if equivalent or safer construction is secured in 
other ways. 

B. Application. The intent of the orders will be realized (1) by 
applying the orders in full to all new installations, reconstructions, 
alterations, and extensions, except where any rule is shown to be 
impracticable for special reasons or where the advantage of uniformity 
with existing construction is greater than the advantage of construc
tion in compliance with the orders, providing the existing construc
tion is reasonably safe; (2) by bringing existing installations into 
c~nformfty with these orders as far as may be directed by the Indus
trial Commission or Public Service Commission and within the time 
determined by them. 

C. Penalties. The 1949 Statutes of the State of Wisconsin require: 
102.57 Where injury is .caused by the failure of the employer 

to comply with any statute or any lawful order of the Commis
sion, (I.e. Industrial Commission) compensation and death bene
fits as provided for In this chapter shall be increased fifteen 
percent. 

102.58 Decreased compensation. Where injury is caused by the 
wilful failure of the employe to use safety devices where pro
vided In accordance with any statute or lawful order of the com
mission and adequately maintained, and their use is reasonably 
enforced, by the employer, 01' where injury results from the em
ployee's wilful failure to obey any reasonable rule adopted by the 
employer for the safety of the employe and of which the employe 
has notice, or where injury results from the intoxication of the 
employe, the compensation, and death benefit provl.ded herein 
shall be reduced 15 per cent. 

196.64 Utilities, liability for treble damages. If any public util
Ity shall do or cause to be done or permit to be done any matter, 
act or thing prohibited or declared to be unlawful by chapter 196 
or 197, or shall omit to do any act, matter or thing required to 
be done by It, such public utility shall be liable to the person 
injured thereby in treble the amount of damages sustained in 
consequence of such violation. 

196.66 General penalty; utility responsible for agents. (1) If 
any public utility shall violate any provision of chapter 196 or 
197, or shall do any act therein prohibited or shall fail or refuse 
to perform any duty enjoined upon It for which a penalty has 
not been provided, or shall fail, neglect or refuse to obey any 
lawful requirement or order made by the Commission (i.e. Public 
Service Commission) or the municipal council or any judgment 
or decree made by any court upon its application, for every such 
violation, failure or refusal such public utility shall forfeit not 
Jess than twenty-five dollars nor more than one thousand dollars. 
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(2) Every day during which any public utility 01' any OilIl.cel', 
agent or employee thereof shall fail to observe and comply with 
any order or direction of the Commission or to perform any duty 
enjoined by chapter 196 or 197, shall constitute a separate and 
distinct violation. 

D. Tempo'l'WrY Installations. It will sometimes be necessary to modify 
or waive certain of the orders. in case of temporary installations or 
installations which are shortly to be dismantled or reconstructed. 
Such temporary construction may be used for a reasonable length of 
time provided it is under competent supervision while it or adjoining 
equipment is alive or if it is protected by suitable barriers or warning 
signs when accessible to any person, without fully complying with 
this code; but all such construction shall be made reasonably safe. 

E. Testing. Rooms which are used exclusively for l'Outine or 
special electrical test work and, therefore, are under the supervision 
of a qualified person, need comply with this code only insofar as is 
practicable for the character of the testing done. 

F. Emergency. In case of emergency 01' pending decision of the 
administrator, the person responsible for the installation may decide 
as to modification or waiver of any order, subject to review by propel' 
authority. 

SECTION 102. DEFINITIONS OF SPECIAL TERMS 

Order 1020. Definitions. 
The following is a list of terms which it was deemed advisable to 

define. Terms defined only in Volume 1 are indicated. Terms not 
defined will be understood to have their customary meaning. 

Accessible (as applied to wiring methods) means not perma
nently closed in by the structure or finish of the building, capable of 
being removed without disturbing·the building structure or finish; (as 
applied to equipment) admitting close approach because not guarded 
by locked doors, elevation or other effective means. (See also "Readily 
Accessible.") 

Administrative' Authority means the Industrial and/or the Public 
Service Commissions. 

Alive or Live means electrically connected toa source of potential 
difference, or electrically charged so as to have a potential different 
from that of the earth. The term "live" is sometimes used in place 
of the term "current-carrying" where the intent is clear, to avoid 
repetitions of the longer term. 

Antenna Conflict. See Volume 1. 
Appliance means current-consuming equipment, fixed or pOl'table; 

for example heating, cooking and small motor-operated equipment. 
Approved means acceptable to the administrative authority enforc

ing this code. (See Order 1011). 
Armored Gable means flexible metallic tUbing in which the con

ductors have been inserted in the pl'ocess of manufacture. 
A8ka?'el means a synthetic non-flammable insulating' liquid which, 

when decomposed by the electric arc, evolves only non-explosive gases. 
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Autho7'ity. See AdlJlinistrative Authority. 
AutomaUc means self-acting, operating by its own mechanism when 

actuated by some impersonal influences as, for example, a change 
in current strength; not manual; without personal intervention. Re

. mote control that requires personal intervention is not automatic, but 
m·anual. . 

Branch Ci7'cuit means that portion of a wiring system -extending 
beyond the final overcurrent device protecting the circuit. 

A device not approved for branch circuit protection, such as a 
thermal cutout or motor overload pl;otective device, is not considered 
a~ the overcurrent device protecting the circuit, 

Building means a structure which stands alone or which is cut off 
from adjoining structures by un pierced fire walls. (See Building 
Code) . 

Gwbinet means an enclosure designed either for surface or flush 
mounting, and provided with a frame, mat or trim in which swinging 
or sliding doots are placed. (See cutout box). 

Cable means a combination of conductors which are bound togetl].er 
and insulated from each other. It also includes single conductors 
having the same insulation and outside protective covering as com
monly used in multi-conductor cables. 

Cable Vault. See Manhole. 
Circuit means a conductor or system of conductors through which 

an electric current is intended to flow. 
Circuit-breaker· means a device designed to open under abnormal 

conditions a current-carrying circuit without injUry to itself. The 
term as used in this code applies only to the automatic type designed 
to trip on a predetermined overload of current. 

Climbing Space. See Volume 1. 
Common Use. See Volume 1. 
Communication Lines. See Volume 1. 
Concealed means rendered inaccessible by the structure or finish 

of the building. Wires in concealed raceways are considered concealed, 
even though they may become accessible by withdrawing them. 

Conductor: 
Conductor means a metallic conducting material, usually in the 

form of a wire or cable, suitable for carrying an electric current. 
Grounding Conductor means a conductor which is used to con

nect the equipment or the wiring system with a grounding electrode 
or electrodes. 

Lateral Conductor means, in pole wiring work, a wire or· cable 
extending in a general horizontal dil'ection approximately at right 
angles to the general direction of the line conductors. 

Line Conductor means one of the wires or cables carrying electric 
current, supported by poles, towers, or other structures, but not 
including vertical or lateral connecting wires. 

Vertical Conductor means, in pole wiring work, a wire or cable 
extending in an approximately vertical direction. 

Conductor Conflict. See Volume 1. 
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Conduit: 
Conduit means a tube especially constructed for the purpose 

9f enclosing electrical conductors. 
! Rigid Metal Conduit means a tubular raceway with threaded 
ends, for eiectric wires and cables; if of ferrous metal, having a 
J~orrosion resistant coating on all surfaces, except threads and if of 
corrosion resistant material, properly identified and in either case 
!with a uniformly smooth interior coating of enamel 01' like material. 
Conduit may be made of mild steel tubing of circular cross-section 
having walls which in the various electrical trade sizes comply with 
the measurements and weights set forth in Order 13-93461. For other 
materials dimensions are to be the same and weights will vary. 

Flexible Metallic Conduit means a fley;ble raceway of circular 
cross section especially constructed for i,~,e purpose of permitting 
drawing in 01' withdrawing of wires and cables after the conduit and 
its fittings are in pla~e, and is made of metal strip; usually of steel 
with metallic corrosion resistant coating, helically wound and with 
interlocking edges. 

Electrical Metallic Tubing means a thin-walled steel or corrosion 
resistant metal raceway of circular cross-section, constructed for the 
purpose of pulling in 01' withdrawing wires after it is installed in 
place, coated inside and out to be corrosion resistant and connected 
by means of threadless fittings. The interior diameters should be 
the same as for the corresponding trade sizes of rigid conduit. See 
Section 13-348 and Order 13-93481. 

Conflict. See Volume 1. 
Connector, Pressure (Solderless) means a connector in which con

tact between the conductor and the connector is obtained without the 
use of solder by means of mechanically applied pl'essure. 

Controller means dev.ice, 01' group of devices, which serves to gov
ern, in some predetermined manner, the electric power delivered to 
the apparatus to which it is connected. 

Current-carrying Part means a conducting part intended to be 
connected in an electric circuit. Non-current-·carrying parts are those 
not intended to be so connected. 

Cutout Box means an enclosure designed for surface 01' flush mount
ing and having swinging 01' sliding doors or covers secured directly 
to and telescoping with the walIs of the box proper. (See Cabinet). 

Dead means free from any electrical connection to a source of 
potential difference and from electric charge; not having a potential 
different from that of the earth. The term is used only with reference 
to current-carrying parts which are sometimes alive. 

Demand Factor of any system or part of a system means the ratio 
of the maximum demand of the system, or part of a system, to the 
total connected load of the system, or of the part of the system under 
consideration. 

Device means a unit of an electrical system which is intended to 
carry but not consume electrical energy. 
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Disconnector means a switch which is intended to open a circui',t 
after the load has been thrown off by some other means. 'I 

Note: Manual switches designed for opening loaded circuits are usually 
installed in circuit with disconnectors, to provide a safe means fOIL 
opening the circuit under load. l 

Disconnecting Means means a device, group of devices, or othe~ 
means whereby the conductors of a cil'cuit can be disconnected from 
theil' source-of supply. I 

Duct means (in underground work) a single tubulal' runway fo~ 
underground cables. I 

DUstprooj means so constructed 01' protected that an accumulatio~1 
of dust will not intel'fere with its successful operation. 

Dusttight means so constructed that dust will not enter the 
enclosing case. 

Duty: 
Continuous. Continuous duty is a requirement of service that 

demands operation at a substantially constant load for an indefinitely 
long time. 

Intermittent. Intermittent duty is a requirement of service that 
demands operation for alternate intervals of (1) load and no load; 
or (2) load and rest; 01' (3) load, no load and rest. 

Periodic. Periodic duty is a type of intermittent duty in which 
the load conditions are l'egularly recurrent. 

Short-Time. Short-time duty is a requirement of service that 
demands operation at a substantially constant load for a short and 
definitely specified time. 

Varying. Varying duty is a requirement of service that demands 
operation at loads, and for intervals of time, both of which may be 
subject to wide variation. 

See table in Order 13-4312 for illustrations of various types 
01 duty. 

Effectively G1·ounded. See Grounded. 
Electrical Metallic Tubing. See Conduit. 
Eleckical'Supply Equipment. See Equipment. 
Electrical Supply Lines. See Lines. 
Electrical Supply Station means any building, room, or separate 

space within which electrical supply equipment is located and the 
interior of which is accessible, as a rule, only to properly quaUfied 
pursons. 

This includes generating stations and substations and generatol', 
storage battery, and transformer rooms, but excludes manholes and 
isolated transformer vaults on private premises. (See definition of 
"Transformer Vault"). 

Electric Sign means a 'fixed or portable, self-contained electrically 
illuminated appliance with words or symbols designed to convey 
information 01' attract attention. 

Enclosed means sUl'rounded by a case which will prevent accidental 
contact of a person with live parts. A solid enclosure means one which 
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will neither admit accumulation of flyings or dust nor transmit sparks 
or flying particles to the accumulations outside. 

Equipment: 
Equipment means a general term including material, fittings, de

'vices, appliances, fixtures, apparatus, and the like, used as a part of, 
ior in connection with, an electric installation. 

Electrical Supply Equipment means equipment which produces, 
modifies, regulates, controls, or safeguards a supply of electrica\ 
ienergy. 

Utilization Equipment means equipment, devices, and connected 
iwiring, which utilize electrical energy for mechanical, chemical, heat
ing, lighting, testing, or similar purposes and are not a part of supply 
equipment, supply lines or communication lines. 
i Explosion-proof means enclosed in a case which is designed and 
1 constructed to withstand an explosion of a speci'fied gas or dust 
I which may occur within it, and to prevent the ignition of the specified 
, gas or dust surrounding the enclosure, by sparks, flashes or explosions 
'of the specified gas or dust which may occur within the enclosure. 

Exposed: 
Exposed (applied to circuits or lines) means in such a position 

that in case of failure of supports or insulation contact with another 
circuit or line may result. 

Exposed (as applied to live parts) means that a live part can 
be inadvertently touched or approached nearer than a safe distance 
by any person. It is applied to parts not suitably guarded or isolated. 

Exposed (as applied to wiring methods) means accessible; not 
concealed. 

Externally Operable means capable of being operated without ex
posing the operator to contact with live parts. (This term is applied 
to equipment, such as a switch, that is enclosed in a case or a 

. cabinet). 
Feeder means any conductors of a wiring system between the 

service equipment, or the generator switchboard of an isolated plant, 
and the branch circuit over-current device. 

Fitting means an accessory such as a locknut, bushing or other 
part of a wiring system which is intended primarily to perform a 
mechanical l'ather than an electrical function. 

Flexible Metallic Tubing. See Conduit. 
Garage: 

'Garage means a building or portion of a building in which one 
or more self-propelled vehicles carrying volatile, flammable liquid 
for fuel or power are kept for use, sale, storage, rental, repair, 
exhibition or demonstrating purposes, and all that portion of a 
building which is on or below the floor or floors on which such vehicles 
are kept and which is not separated therefrom by tight, unpierced 
fire walls and fire-resistive floors. 

Commercial (Public) Garage means any building where self
propelled vehicles are sold or serviced, or where three or more such 
vehicles are stored or serviced for hil'~ <)1: fC)r commercial use, 



20 VOLUME 2-0RDER 1020 

Geneml-use Switch. See Switch. 
Grounded: 

Grounded means connected to earth or to some extended conduct,
ing body which serves instead of the earth, whether the connection ill 
intentional or accidental. 

Effectively grounded means permanently connected to earth 
through a ground connection of sufficiently low impedance and having: 
sufficient current-carrying capacity to prevent the building up of voltJ" 
ages which may result in undue hazard to connected equipment or t~ 
persons. I 

Grounded System means a system of conductors in which at 
least one conductor or point (usually the middle wire, or neutral pOintl 
of transformer or generator windings) is intentionally grounded'i 
either solidly or through a current limiting device. This ground I 
connection may be at one or more points. I 

Grounding Conductor. See Conductor. ! 

Guarded means covered, shielded, enclosed, or otherwise protected,' 
by means of suitable covers, casings, barriers, rails or screens, or by' 
means of mats, 01' platforms, to remove the liability of dangerous 
contact or approach by persons 01' objects to a point of danger. Wires, 
which are insulated, but not otherwise protected, are not considered 
as guarded. (See Definition of Insulated). 

Guard Zone. See Volume 1. 
Handhole. See Volume 1. 
Hazardous Locations. See Section 13-500. 
Hoistway means any shaftway, hatchway, wellhole, 01' other vertical 

opening or space in which an elevator or dumbwaiter is designed to 
operate. 

Inclosed. See Enclosed. 
In~ulated means separated from other conducting surfaces by a 

dielectric substance or air space permanently offering a high resist
ance to the passage of current and to disruptive discharge th,rough 
the SUbstance' 01' space. 

Note: When any object is said to be inslIlated. it iil 1111<1"1'8[00<1 (0 lH' 
insulated 111 a suitable manner for the conditions (0 whieh it iil sub
jected, Otherwise, it is within the purpose of these rules, unlnsulatE'd, 
Tnsulating covering of con<lllctors III one mE-ans of malting' the ('on
dudors inSUlated, 

Insulating (where applied to the covering of a conductor 01' to 
clothing, guards, rods, and other safety devices) means that a device, 
when interposed between a person and current-carrying parts, pro
tects the person making use of it against electric shock from the 
current-carrying parts with whi.ch the device is intended to be used, 
(The opposite of conducting.) 

Isolated means that an object is not readily accessible to persons 
unless special means for access are used. (See definition of exposed). 

Isolated Plant means a private electrical installation deriving 
energy from its own generator driven by a prime mover. 

Isolating Switch. See switch. 
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:'i !,ion by Elevntion means elevated sufficiently so that persons 
!"Ill ;;«fely walk underneath. (See definition of exposed) 

foint Use means simultaneous use by two 01' more kinds of utilities. 
Lateral Conductor. See Conductor. 
Lateral Working Space. See Volume 1. 
Lighting Outlet means an outlet intended for the direct connection 

of a lampholder, a lighting fixture or a pendent cord terminating in 
a lampholder. 

Lightning Arrester as applied to Supply Circuits means a device 
which has the property of reducing the voltage of a surge applied 
to its terminals, is capable of interrupting follow current if present, 
and restores itself to its original operating condition. 

Line Conductor. See Conductor. 
Lines. See Volume 1. 
Location: 

Dry Location means a location not normally subject to dampness 
or wetness. A location classified as dry may be temporarily subject 
to dampness or wetness, as in the case of a building under con
struction. 

Damp Location means a location subject to a moderate degree of 
tiloisture, such as some basements, some barns, some cold storage 
'!arehouses, and the like. . 

! Wet Location means a location subject to saturation with water 
91' other liquids, such as locations exposed to the weather, wash rooms 
i~ garages, and like locations. Installations underground or in con
crete slabs or masonry in direct contact with the earth, shall be 
considered as wet locations. 

Low-Energy Power Circuit means a circuit which is not a remote
control or signal circuit but which has the powel' supply limited in 
accordance· with -the requirements of Class 2 remote-control circuits. 
See Section 13-725. 

Such circuits InclUde electric dool' oPl'nel';' and eil'('ult.q u"NT In tht' 
operation of 'coln-operated phonographs, 

Low-voltage Protection means the effect of a device operative on 
the reduction or failure of voltage to cause and maintain the inter
ruption of power supply to the equipment protected. 

Low-voltage ReleaHe means the effect of a device operative on thc 
. reduction or failure of voltage to cause the interruption of power 
supply to the equipment, but not preventing the reestablishment of 
the power supply on return of voltag'e. 

Manhole. See Volume 1. . 
. Manual means capable of being operated by personal intervention, 

Minor Communication Lines. See Volume 1. 
Motor Circuit Switch. See Switch. 
Movable Equipment means electrical apparatus which is heavier 

than portable equipment as defined below, but which, nevertheless, is 
designed to be transported from place to place for use; equipment 
which is stationary when in use, but is designed for being transported 
from job to job. (See Definition of Portable Appliance). 
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Multi-outlet Assembly means a type of surface raceway, desigled 
to hold conductors and plug receptacles, assembled in the field or at 
the factory. 

NI',w Construotion means all new electrical installations and all 
extensions and renewals which constitute a sUbstantial portion of 
the installation. 

Open Wire. See Volume 1. 
Outlet means a point on the Wll'lng system at which current is 

taken to supply fixtures, lamps, heaters, motors and current-con
suming equipment generally. 

Outline Lighting means an arrangement of incandescent lamps or 
gaseous tubes to outline and call attention to certain features su~h 
as the shape of a building or the decoration of a window. ' 

Panelboard means a single panel, or group of panel units designed 
for assembly in the form of a single panel; including busses and 
with or without switches and/or automatic overcurrent protective 
devices for the control of light, heat, or power circuits of small indi
vidual as well as aggregate capacity; designed to be. placed in i a 
cabinet or cutout box placed in or against a wall, or partition, and 
accessible only from the front. (See Definition of Switchboard). 

Permanently Grounded. See Grounded, Effectively. 
Pole Face. See Volume 1. 
Portable Applianoe means an appliance capable of being readily 

moved where established practice or the conditions of use make ,it 
necessary or convenient for it to be detached from its source ?f 
current by means of flexible cord and attachment plug. This includes 
apparatus which can be easily moved about or lifted and is intended 
to be so handled when in use. 

Qualified Person means one familiar with the construction and 
operation of the apparatus and the hazards involved. 

Raceway means any channel for holding wires, cables or bus-bars, 
which is designed expressly for, and used solely for, this purpose. 

Raceways may be of metal or insulating material, and the term in
cludes rigid metal conduit, flexible metal conduit, electrical metallic 
tubing, underfloor raceways, cellular metal floor raceways, surface metal 
raceways, wireways, busways and auxiliary gutters. 

Ra·intight means so constructed or protected that exposure to a 
beating rain will not result in the entrance of water. 

Rectdily Acoessible means capable of being reached quickly, for 
operation, renewal or inspection, without requiring those to whom 
ready access is requisite to climb over or remove obstacles or to 
resort to portable ladders, chairs, etc. 

Reoeptaole Outlet means an outlet equipped with one or more recep
tacles, not of the screw-shell type, or provided with one 01' more 
points of attachment within one foot 01' less, intended to receive 
attachment plug caps. 

Reconst'ruction means replacement of a substantial portion of an 
existing installation by new equipment or construction. Does not 
include ordinary maintenance replacements. 
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:Remote-Cont1'ol Circuit means any electrical circuit which controls 
an1y other circuit through a relay or an equivalent device. 

!Rural Di.stricts. See Volume 1. 
Sag. See Volume 1. 

(
Sealable Equipment means equipment enclosed in a case or cabinet 

th at is provided with means for sealing or locking so that live parts 
c~mnot be made accessible without opening the enclosure. The equIp
rrient mayor may not be operable without opening the enclosure.. . 

[

Service: 
Service means the conductors and equipment for delivering 

eJ ergy from the electricity supply system to the wiring system of the 
p:remises served. . 

I Service Cable means service conductors made up in the form of 
c:able .. 
j Service Conductors means that portion of the supply conductors 

~{hich extends from the street main or duct or from transformers 
tp the service equipment of the premises supplied. For overhead con
ductors this includes the conductors between the last pole or other 
~erial support and the service equipment. ' 
i Service Drop means that portion of overhead service conductors 
l~etween the pole and the first point of attachment to the building. 
I Service Entrance Conductors means that portion of service con
cluctors between the terminals of service equipment and a point out
~ide the building, clear of building walls, where joined by tap or 
~plice to the service drop or to street mains or other source of supply. 

Where service equipment is located outside the building walls, 
there may be no service entrance conductors, or they may be entirely 
outside the building. 

Service Equipment means the necessary equipment, usually con
sisting of circuit-breaker or switch and fuses, and their accessories, 
located near point. of entrance of supply conductors to a building and 
intended to constitute the main control and means of cutoff for the 
supply to that building. 

Service Raceway means the rigid metal conduit, electrical metal
lic tubing, or other raceway, tl;lat encloses service-entrance conductors. 

Setting (of circuit-breaker) means the value of the current at 
which it is set to trip. 

Show-Window means any window used or designed to be used for 
displaying of goods or advertising material, whether it is fully or 
partly enclosed or entirely open at the rear, and whether or not it has 
a platform raised higher than the street floor level. 

Signal Circuit means any electrical circuit which supplies energy 
to a device which gives a recognizable signal. 

Such circuits Include circuits for door bells, buzzers, code-caUlng 
systems, signal lights, and the like, 

Shall is used to indicate requirements, 
Should is used to indicate recommendations, 01' that which is 

auvised but not required. In general, recommendations have the form 
of fine-print notes 01' paragraphs supplementing the preceding text. 
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Span Length. See Volume 1 . 
. Special Permission means the written consent of the Industri1al 

or Public Service Commission. 
Structure Conflict. See Volume 1. 
Substantial means so constructed and arranged as to be of adequa'te 

strength and durability for the service to be performed under t~e 
preva!ling conditions. I 

Swttch: , 
Switch means a device for opening or closing or changing the COl\_ 

nection of a circuit. In these rules, a switch will always be unde~i'_ 
stood to be manually operated unless otherwise stated. 

General-Use Switch means a switch intended for use as a switc, . 
in general distribution and branch circuits. It is rated in amperes an 
is capable of interrupting its rated current at its rated voltage. l 

Isolating Switch means a switch intended for isolating an electric 
circuit from the source of power. It has no interrupting rating anG 
is intended to be operated only after the circuit has been opened bt 
some other means.. I 

Motor-Circuit Switch means a switch, rat~d in horsepowel1, 
capable of interrupting the maxinium operating overload current of 11 

motor of the same horsepower as the switch at the rated voltage. 
Switchboard means a large single panel, frame, or assembly 0 

panels, on which are mounted, on the face or back or both, switches 
overcurrent and other protective devices, buses, and usually instru·, 
ments, Switchboards are generally accessible from the rear as well 
as from the front and are not intended to be installed in cabinets. 
(See Panelboard.) 

Tags mean tags or other markers of distinctive appearance, indi
cating that men are at work on the equipment or lines so designated. 

Tension. See Volume 1. 
Transformer Vault means an isolated fire-resistant enclosure, either 

above or below ground, in which transformers and related equipment 
are installed and which is not continuously attended during operation. 

Urban Districts mean thickly settled areas, whether inside city 
limits or not. 

Utilization Equipment. See Equipment. 
Vapor-tight means so enclosed that vapor will not enter the 

enclosure. 
Ventilated: Provided with a means to permit circulation of the air 

sufficiently to remove an excess of heat, fumes or vapors. 
Vertical Conduct07'. See Conductor. 
Voltage: 

Voltage of a circuit means the greatest effective difference of 
potential between any two conductors of the circuit concerned. 

Voltage to ground in groundedcircuits means the voltage between 
the given conductor and that point or conductor of the circuit which 
is grounded; in ungrounded circuits, the greatest voltage between 
the given conductor and allY other conductor of the circuit. 
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Where one circuit is directly connected to another circuit of 
higher voltage (as in the case of auto transformers) both are con
sidered of the higher voltage, unless the circuit of lower voltage is 
eff'ectively grounded. 

When the term "volts" or "voltage" is used without qualification 
in Volume 1 it means the voltage between conductors if no grounded 
conductor capable of carrying load is present. If such a gl;ounded 
-c~.nductor is present, "volts" or "voltage" means volts to ground. 

i Watertight means so constructed that moisture will not enter the 
etlClosing case. 
I Weatherproof as applied to the protective covering on conductors 

nieans a covering made up of braids of fibrous material which are 
thoroughly saturated with a dense moisture-proof compound after 
they have been placed on the conductor or an equivalent protective 
covering designed to withstand weather conditions. 
! Weatherproof as applied to exterior installations means so con

structed or protected that the weather will not interfere with 
shccessful operation. 

Wire Gauges. The American Wire Gauge (A.W.G.), otherwise 
known as Brown & Sharpe (B.&S.), is the standard gauge for copper, 
aluminnm, and other conductors, excepting steel, for which the steel 
wire gLdge (Stl.W.G.), is used throughout this code. 



26 VOLUME 2-0RDER 13-00 

PART 3 -

'ELECTRICAL AND COMMUNICATION 
EQUIPMENT AND WIRING 
INCLUDING GROUNDING I 

Chapter 1. Geneml 1 
Section 13-00. Scope of Orders. 

In Part 3, the National Electrical Code has generally been followe . 
The number of the National Electrical Code rule corresponding to anr 
order in this part may be determined by dropping the first two digi1Jf. 
and the hyphen. In a few cases the orders differ from the wording of 
the National Electrical Code rule. 

Note a. Throughout this part of the code are paragraphs which stat:e 
only fundamentals or objectives of safeguarding. These are followed b~' 
paragraphs setting forth the recognized methods and detail by which 
the purposes and intent of the fundamental may be satisfied. Accord'
ingly, when employed, the rules stating a fundamental only will appeal' 
as the first paragraph of a section or order. 

Note b. The first four chapters of Part 3 are of general application to 
the equipment not exempted by Order 13-0001. Chapters 5, 6, and 7 apply 
to installations which involve special occupancies, special equipment 
or other special conditions. 'These chapters are supplementary to, or 
amendatory of, the general orders, and ·the latter apply under such 
circumstances except as so amended for the particular conditions, Chap
ter 8 governs installations of communication systems, and is independ
ent of the preceding chapters except as they may be specifically referred 
to. Chapter 9 covers construction specifications. The larger tables, 
examples and the diagrams are collected in Chapter 10. . 

Order 13-0001. Application of Orders. 
A. General. 1. Except as otherwise specified hereafter, the following 

orders, Chapters 1 to 10 inclusive, which have for their purpose the 
practical safeguarding of persons and buildings and their contents 
from electrical hazards arising from the use of electricity, apply to 
the electric and communication conductors and equipment installed 
within or on public and private buildings and other premises, includ
ing yards, carnival and parking lots, and industrial SUbstations; also 
the conductors that connect the installations to a supply of electricity, 
and other outside conductors adjacent to the premises. 

2, These orders do not apply to installations in ships, aircraft, 
railway cars or automotive equipment. 

3. These orders do not apply to installations employed by a rail
way, electric or communication utility in the exercise of its function 
as a utility where the installations are located outdoors or in quarters 
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used exclusively for that purpose, but they do apply to wires used 
in such quarters to distribute a power supply for lighting, service 
ou~lets, and other utilization equipment. 

4. Chapter 8 governs the installation of communication systems. 
No; other chapters of Part 3 apply to such installations, except as 
they may be specifically refer.red to in Chapter 8. 

Note a. The provisions of this Code constitute a minimum standard. 
Co~npliance therewit,h and proper maintenance will result in an installa
tion reasonably free from hazard but not necessarily etfflcient or con
vet,ient. This Code is to be regarded neither as a design specification 
not an instruction mam,lal for untrained persons. Good service and 
satisfactory results will often require larger 'sizes of wire, more branch 
cir'cults, and better typeS of equipment than the minimum which is here 
specified. 

Note b. It is recommended that architects, when drawing plans and 
specifications, make provision for ample raceways for wiring, spaces for 
eql.tipment, and allowances for future increases in the use of electricity. 
In' laying out an Installation for constant-potential systems, provision 
should be made for distribution centers located in easily accessible 
places for convenience and safety of operation. 

Note c. It is elsewhere provided in this Code that the number of wires 
and circuits confined in a single enclosure be varyingly restricted. It is 
st~'ongly recommended that architects and others provide similar restric
tions wherever practicable, to the end that the effects of breakdowns' 
fr,om short-circuits or grounds, even though resulting fire and similar 
damage is confined to wires, their insulation and enclosures, may not 
involve entire services to premises nor interruptions of essential and 
in,dependent services. 

B. Equipment of More than 600 Volts. 1. All electrical equipment 
and conductors of more than 600 volts shall comply with the orders 
applying to electrical supply stations, Part 1. (See Order 1100). 

2. If such equipment and conductors are instal,ed in supply sta
tion or other quarters accessible only to qualified persons, they need 
not comply with the orders of Part 3, but only with the orders of 
Part 1. 

3. If such equipment and conductors are not installed in supply 
stations or other quarters accessible only to qualified persons, they 
shall comply with the orders of Part 3 for equipment of over 600 
volts (See Section 13-710) and also with the orders of Part 1. In 
addition, all current-carrying parts shall be either incased in effec
tively grounded metal cases or conduit, or otherwise suitably guarded 
to prevent access (or too close approach) to such current-carrying 
parts by any but qualified persons. 

,C. Equipment Accessible to Qualified Persons Only. Electrical 
equipment and conductors, if installed in supply stations or other 
quarters accessible only to qualified persons, may be installed in con
formity with the orders applying to electrical supply stations (Part 
1), in which case only wiring used to distribute a power supply for 
lighting, service outlets and other utilization equipment need comply 
with the orders of Part 3. (See Order 1100). 
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SECTION 13-100<. DEFINITIONS 

The "definitions" will be found in Order 1020, Introductory P/art. 

SECTION 13-110. GENERAL 

Order 13-1101. Approval. I 
The conductors and equipment required or per~itted by this Crde 

shall be acceptable only if approved. See definitions of "Approved" 
in Order 1020. 

Order 13-1.102. Wiring Methods. 
A. Only wiring methods recognized as suitable are included in 

this Code. Special types of wiring may be used only where recogni~d 
as suitable under this and other sections of this Code. The recognHed 
methods of wiring may be installed in any type of building or ocbu-
pancy except as otherwise provided in this Code. I 

B. All conductors shall be guarded in an approved manner wHen 
brought closer to floor or platform than 7 feet, or when exposed Ito 
mechanical injury above that level. , 

Exception: Trolley conductors, grounding condUctors size No. 4 :01' 
larger, lightning arrester· ground conductors, pendants and portable 
co)'ds are exempt from this order. 

C. All conductors for light, heat or power for interior wiring sys
tems in schools, theaters, assembly halls, hotels, hospitals, public 
garages, as well as apartments and office buildings of fire-resistive 
const;ruction, shall be guarded by enclosure in rigid or flexible conduit, 
electrical metallic tubing, armored cable, surface meta:l raceways or 
other appl'oved raceways. 

Exception: (1) Wiring for lighting purposes, except lightning arrester 
ground conductors, In schOOls and assembly halls of frame construction 
may be of .concealed knob and tUbe construction or non-metallic 
sheathed cable when protected against mechanical injury. 

(2) Pendants and portable cords are exempt from this order. 
Note: (1) The Wisconsin State Building Code defines assembly halls 

as Including all buildings or parts of buildings not included under 
theaters where 100 or more persons assemble for entertainment, instruc
tion, worship or dining purposes. 

(2) Communication equipment, connected to communication lines 
and a)) other communication, signal and low voltag'e control systems, 
radio apparatus and similar apparatus are specifically covered in· sec
tions 13-725; 13-800 or 18-810. 

D. Bus-bars and other open bare ungrounded conductors which 
are elevated less than eight feet above floor or platform; shall be 
enclosed by suitable guards. 

Order 13-1103. Mandatory and Advisory Rules. 
Mandatory rules of this Code are characterized by the use of the 

word "shall." Advisory rules are characterized by the use of the word 
"should," or are stated as recommendations of that which is advised 
but not required. 
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Order 13-1104. Special Chapters Amendatory of General Rules. 
The provisions of Chapters 5, 6 and 7 of this Code are supple

mentary to, 01' amendatory of, the general provisions of Chapters 1 to 
4, inclusive, and the latter apply under such circumstances except 
as so amended for particular conditions. 

Order 13-1105. Mechanical Execution of Work. 
Electrical equipment shall be installed in a neat and workmanlike 

manner. 

Order 13-1,106. Mounting of Equipment. 
Electrical equipment shall be firmly secured to the surface on which 

it is mounted. Wooden plugs driven into holes in masonry, concrete, 
plaster or similar materials shall not be depended o,lrfor. security. 

Order 13-1107. Voltages. 
Throughout this Code the voltage considered shall be that at which 

H,e circuit operates, whether the current is supplied by a battery, 
generator, transformer 01' rectifier. (See Voltage. Order 1020) 

Order 13-1108. Conductor Gauges. 
'Conductor sizes are given in American Wire Gauge (AWG). 

Order 13-1109. Conductors. 
Conductors normally used to carry current shall be of copper unless 

otherwise provided in this code. Where conductor sizes are given in 
this code, they shall apply to copper conductors. If other materials 
are used, the size shall be changed accordingly. See Order 13-3106. 

Order 13-1110. Deteriorating Agencies. 
Unless approved for the purpose, no conductors or equipment shall 

be located in a damp or wet location; where exposed to gases, fumes, 
vapors, liquids, or other agents having a deteriorating effect on the 
conductors or equipment; nor where exposed to excessive tem
peratures. 

Order 13-1111. Light and Power from Railway Conductors. 
Circuits for lighting and power shall not be connected to any system 

containing trolley wires with a ground return, except in electric rail
way cars, car houses, power houses, or passenger and freight stations 
operated in connection with electric railways. 

Order 13-1112. Working Space About Electrical Equipment. 
Suitable working space shall be provided and maintained about all 

electrical equipment. 
A. Horizontal Dimensions. Except as elsewhere required or per

mitted in this Code, the horizontal dimensions of the working space 
in front of live parts, operating at not more than 600 volts, which 
must be handled while alive, shall not be less than: 
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1. For parts of more . than 150 volts to ground on one side of the 
working space and no bare live or grounded parts on the other sIde 
of the working space, 212 feet. : 

. 2. For parts of more than 150 volts to ground on one side of ~he 
working space and bare live or grounded parts on the other side of 
the working space, 4 feet. 

3. For parts of 150 volts or less to ground on one side of the 
working space and no bare live or grounded parts on the other si,de 
of the working space, I1h feet. ! 

4. For parts of 150 volts or less to ground on one side of tre 
working space and bare live or grounded parts on the other side of t;he 
working space, 212 feet. 

For higher voltages, see Section 13-710. 

B. Clewr Sp.aoes. Working spaces adjacent 
shall not be used as passageways. 

pal1l,ts to exposed live 

C. Elevation of Equipment. The elevation of the equipment at lea.st 
8 feet above ordinarily accessible working platforms usually affor~s 
protection at least equivalent to that provided by the horizonf/ll 
clearances of paragraph A and may be used in lieu thereof. 

Order 13-1113. Guarding of Live Parts. 
Except as elsewhere required or permitted by this Code, exposed 

live parts of electrical equipment operating at 50 volts or more shall 
be guarded against accidental contact by enclosure or by locating the 
equipment as follows: I 

A. In a room or enclosure which is accessible only to qualified 
persons; 

B. On a suitable balcony, gallery, or platform, so elevated and 
arranged as to exclude unqualified persons; 

C. Elevated 8 feet or more above the floor; 
D. So that it will be protected by a guard rail if the equipment 

operates at 100 volts or less. 
For motors see order 13-4432. 

Order .13-1114. Enclosure of Arcing Parts. 
Parts of electrical equipment which in ordinary operation produce 

arcs, sparks, flames or molten metal, shall be enclosed unless separated 
and isolated from all combustible material. For hazardous locations 
see Section 13-500. For motors see Orders 13-4308 and 13-4310. 

Order 13-1115. Interrupting Capacity. 

Devices intended to break current shall have I an interrupting 
capacity sufficient for the voltage employed and for the current which 
must be interrupted. 

Order 13-1116. General Plans of Investigation. 
Materials, devices, fittings, apparatus, and appliances designed for 

use under this Code shall be judged chiefly with reference to the 
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folliowing considerations. which also determine the classification by 
typles, sizes, voltages, current capacities, and specific uses: 

I A. Suitability for installation and use in conformity with the 
pro'risions of this Code. 

I B. Mechanical strength and durability, including, for parts de
sigiled to enclose and protect other equipment, the adequacy of the 
protection thus provided. ' 

C. Electrical insulation. 
D. Heating effects under normal conditions of use and also under 

abnormal conditions liable to arise in service. 
E. Arcing effects. 

Order 13...,1117. Connections to Terminals. 
'Connection of conductors to terminal parts shall insure a thoroughly 

good connection without damaging the conductors and shall be made 
by means of pressure connectors (including set screw type), solder 
lugs, or splices to flexible leads either soldered, brazed or welded, 
except that No.8 or smaller solid conductors and No. 10 or smaller 
stranded conductors may be connected by means of clamps or screws 
with terminal plates having upturned lugs. Terminals for more than 
one conductor shall be of a type approved for the purpose. 

Because of different characteristics of copper and aluminum the 
devices and fittings. such as pressure connectors, splices, solder lugs. 
solders, and fluxes, employed where making connections, should be 
suitable for the material of the conductor. 

Order 13-1118. Splices. 
Conductors shall be so spliced or joined as' to be mechanically and 

electrically secure without solder and, unless an approved splicing 
device is used, shall then be soldered with a fusible metal or alloy or 
brazed or welded. All splices and joints and the free ends of con
ductors shall be covered with an insulation equivalent to that on the 
conductors. 

Order 13-1119. Insulation Resistance. 
All wiring shall be so installed that when completed the system 

will be free from short-circuits and grounds, and in order that a rea
sonable factor of safety may be provided the following table of 
insulation resistance is suggested as a guide where the insulation is 
subjected to test. 

1. For circuits of No. 14 or No. 12 wll'e _______________ l,OOO,OOO ohms 

For circuits of No. 10 or larger conductor, a resistance based upon the 
allowable current-carrying capacity of conductors as fixed in Tables 1 
and 2 of Chapter 10, of this code as follows: 

25 to 50 amperes, inclusive -------- ______________________ 250,000 ohms 
51 to.100 amperes, inclusive --------------________________ 100,000 ohms 

101 to 200 amperes, inclusive ______________________________ 50,000 ohms 
201 to 400 amperes, inclusive ______________________________ 25,000 ohms 
401 to 800 amperes, inclusive ______________________________ 12,000 ohms 
Over 800 amperes ------__________________________________ 5,000 ohms 

2, The above values shall be determined with all SWitchboards 
panelboards, fuseholders, switches and ovel'cul'rent devices in place, 
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3. If lampholders, receptacles, fixtures, or appliances are also ~Jon' 
nected, the minimum resistance permitted for branch circuits supplFin~ 
same shall be one-half the values specified in paragraph 1. I 

4. Where climatic conditions are such that the wiring or eqUiprrl~ent 
is exposed to excessive humidity, it may be necessary to modify the 
foregoing provisions. 

Order 13-1120. Marking. ! 

The maker's name, trademark, or other identification symbol shall 
be placed on all electrical equipment. Other markings- shall be pro
vided giving voltage, current, wattage, or other ratings as are pre
scribed elsewhere in this Code. 



ELEC'f'RICAIJ CODE-ORDEH la-2006 33 

Chapter 2. Wiring' Desig'n and Protection 

SECTION 13-200. POLARITY IDENTIFICATION OF SYSTEMS 
AND CIRCUITS 

Order 13-2001. General. 
All interior wiring systems, except as provided in Orders 13-2007, 

13-2512, 13-2514, 13-2515, 13-2516, 13-2517 and 13-5083 shall have a 
grounded conductor which is continuously identified throughout the 
system, except as permitted by paragraph B of order 13-2005. 

Order 13-2002. Connection to Grounded System. 
No interior wiring shall be electrically connected to a supply system 

unless the latter contains, for any grounded conductor of the interior 
system, a corresponding conductor which is grounded. 

Order 13-2003. Circuits Derived from Auto-Transformers. 
Branch circuits as described in Section 13-210 shall not be supplied 

through auto-transformers (transformers in which a part of the wind
ing is common to both primary and secondary circuits) unless the 
system supplied has an identified grounded conductor which is solidly 
connected to a similar identified grounded conductor of the system 
supplying the auto-transformer. 

Order 13-2004. Connections to Screw-Shells. 
An identified conductor, if run to a lampholder, shall he connected 

to the screw-shell. 

Order 13-2005. Means of Identification of Conductors. 
Identification for conductors shall be secured as follows: 

A. Insulated conductors of No.6 or smaller, except conductors 
of the weatherproof type, shall have an outer identification as specified 
in paragraph D of Order 13-93101. 

B. Insulated conductors larger than No.6, and weatherproof con
ductors of all sizes if used indoors, shall have an outer identification 
as specified in Paragraph D of Order 13-93101, or shall be identified 
by distinctive marking at terminals during process of installation. 

C. Flexible cords shall be identified as provided in Order 13-94002. 
D. If, on a 4-wire delta-connected secondary, the midpoint of one 

phase is grounded to supply lighting and similar loads, that phase 
conductor having the higher voltage to ground shall be identified by 
painting or other effective means at any point where a connection if> 
to be made if the neutral conductor is present. 

Order 13-2006. Identified Conductor in Identified Circuits Only. 
Conductors having white 01' natural gray covering shall not be 

used other than as conductors for which identification is required by 
Order 13-2001, except under the following conditions, and then only 
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if they are, in other respects, suitable for use as ungrounded con
ductors in the circuit: 

A. Identified conductors, rendered permanently unidentified by 
painting or other effective means at each outlet where the conductors 
are visible and accessible, may be used as unidentified conductors. 

The foregoing permits the use of two-wire cable having one black and 
one white conductor on two wire circuits tapped from the outside legs 
of a three-wire system or any two conductors of a multi-wire system if 
the identified conductor of the two-wire cable is rendered permanently 
unidentified at terminals. 

B. Cable containing an identified conductor may be used for 
single-pole, three-way or four-way switch loops if the connections are 
so made that the unidentified conductor is the return conductor from 
the switch to the outlet. 

This exception makes it unnecessary to paint the terminal of the 
Identified conductor at the switch outlet. 

C. A flexible cord, for connecting a portable appliance, having 
one conductor identified as required by Order 13-94002 may be used 
even though there is no grounded conductor in the circuit supplying 
the outlet to which it is connected. 

Order 13-2007. Unidentified Circuits. 
Two-wire branch circuits and multi-wire A.C. circuits may be tapped 

from the ungrounded conductors of circuits having identified grounded 
neutrals. Switching devices in such circuits shall have a pole in each 
ungrounded conductor, except as provided for motor controllers in 
Order 13--4384. Polyphase circuits need not have one conductor 
grounded and identified, except as required by Order 13-2514, but if 
one conductor is grounded it s,hall be identified. Other unidentified 
ungrounded systems or circuits may be used only by special per
mission. 

Order 13-2008. Identification of Terminals. 
All devices provided with terminals for the attachment of con

ductors and intended for connection to more than one side of the cir
cuit shall have, unless specifically excepted, a pail' of connecting ter
minals properly marked for identification, unless the electrical connec
tion of a terminal intended to be connected to the grounded conductor 
is clearly evident. 

A. Panelboards and Devices. The terminals of lighting panelboards 
and of devices having a normal current rating of over 30 amperes 
need not be marked for identification, except as required in para
graphs E and F of this order for polarized receptacles for attachment 
plugs and polarized attachment plug caps. 

B. Utilization Appliances. The terminals of utilization appliances 
need not be marked to indicate the proper connection to the grounded 
conductor. If the terminals of utilization appliances, of which single
pole switches form an integral part, are marked for identification, the 
terminal connected to the switch shall be the unidentified terminal. 
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C. PM'table Appliances. The terminals of portable appliances lleed 
not be marked for identification. 

D. Single-pole Devices. Devices, to the terminals of which only one 
side of the line is connected, need not have terminals marked for 
identification. 

E. Two-wi1'e Receptacles and Caps. Two-wire attachment plug' re
ceptacles without screw-shells, and two-wire attachment plug caps, 
unless of the polarity type, need not have their terminals marked for 
identification. Two-wire polarized receptacles for attachment plug's 
and polarized attachment-plug' caps shall have the terminal intended 
for connection to the grounded conductor marked for identification. 

F. Three-wire Receptacles and Caps. Three-wire attachment plug 
receptacles and three-wire attachment-plug caps, one terminal of 
which may be used for the connection of a grounding conductor, shall 
have such terminal identified in a manner differing from that specified 
in Order 13-2009. The other terminals need not be marked for 
identification. 

G. Screw-shells. In the case of devices with screw-shells, the iden
tified terminal shall be the one connected to the screw-shell. This doe&., 
not apply to screw-shells which serve as fuseholders. 

H. Screw-shell Devices with Leads. In the case of screw-shell de
vices with attached leads, the conductor attached to the screw-shell 
shall have white or natural gray finish. The outer finish of the other 
conductor shall be of a solid color that will not be confused with the 
white or natural gray finish which is to indicate the grounded con
ductor. 

Order 13-2009. Means of Identification of Terminals. 

The marking of terminals shall be done by means of a metallic 
plated coating substantially white in color, as nickel or zinc, or the 
terminals may be of material substantially white in color. The other 
terminals shall be of a readily distinguishable different color. 

SECTION 13-210. BRANCH CIRCUITS 

GENERAL 
Order 13-210.1. Scope. 

The provisions of this section shall apply to branch circuits supply
ing lighting or appliance loads or combinations of such loads. If 
motors, or motor-operated appliances, are connected to any circuil 
supplying lighting or other appliance loads, the provisions of both this 
section and Section 13-430 shall apply. Section 13-430 shall appls 
if branch circuit supplies only motor loads. 

Order 13-21'02. Other Provisions. 

The provisions applying to branch circuits referred to in the fol
lowing table are exceptions to the provisions of this section or are 
supplementary thereto, and shall apply to branch circuits supplying 
the loads referred to therein: 
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Hection or Order 
BUHways _______________________________________________________ 13-3647 
Cranes and Hoists ______________________ " _____________________ 13-6142 
Elevators ______________________________________________________ 13-6251 

fnfra-red Industrial Heating Equipment _______________________ 13-4237 
Induction and Dielectric Heat Generating' Equipment ____ Section 13-665 
Tnstruments __________________________________________________ 13-9384~ 
Motors __________________________________________________ Section 13-430 
Organs ________________________________________________________ 13-6506 

Remote-Control, Low-Energy Power and Signal Circuits _Section 13-725 
Signs and Outline Lighting ____________________________________ 13-6006 
Round Recording and Reproduction ____________________________ 13-6406 
Systems over 600 Volts _____________________________ 13-7141 to 13-7144 
Systems under 50 Volts ________________________________________ 13-7204 
Theatres and Similar Occupancies _________ . ____ 13-5241, 13-5286, 13-5292 
\Velders ________________________________________________ Section 13-630 

Order 13-2103. Classification. 

Branch circuits recognized by this section shall be classified in 
accordance with the maximum permitted rating or setting of the over
current device, and the classification for other than individual branch 
circuits shall be 15, 20, 30 and 50 amperes. When conductors of larger 
size are used to provide for voltage drop, the rating or setting of the 
specified overcurrent device shall determine the circuit classification. 

GENERAL PROVISIONS 

Ordel' 13-2111. Multi-Wire Branch Circuits. 
Branch circuits recognized by this section may be installed as multi

wire circuits. A multi-wire branch circuit as referred to herein is 
a circuit consisting of two or more ungrounded conductors having 
a potential difference between them, and an identified grounded con
ductor having equal potential difference between it and each un~ 
grounded conductor of the circuit and which is connected to the 
neutral conductor of the system. 

Order 13-2112. Color Code. 
If installed in raceways, as open work, 01' as concealed knob and 

tube work, the conductors of multi-wire branch circuits and two-wire 
branch circuits connected to the same system shall conform to the 
following color code. Three-wire circuits-one black, one white, one 
red; four-wire circuits-one black, one white, one red, one blue j five~ 
wire circuits-one black, one white, one red, one blue, one yellow. 
If more than one multi-wire branch circuit is carried through a single 
raceway the ungrounded conductors of the additional circuit may be 
of colors other than those specified. All circuit conductors of the 
same color shall be connected to the same ungl'ounded feeder con
ductor throughout the installation. 

Order 13-2113. Voltage. 
Branch circuits supplying lampholders, fixtures, 01' receptacles of 

the standard 15-ampere 01' less rating shall not exceed 150 volts to 
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ground, except (1) in industrial establishments the voltage may ex
ceed 150 volts to ground, but shall not exceed 300 volts to ground for 
branch circuits supplying lighting fixtures only that are equipped 
either with mogul-base screw-shell lampholders or with lampholders 
of other types approved for the application, mounted not less than 
8 feet from the fioor, which do not have switch control as an integral 
part of the fixture; (2) in railway properties as described in Order 
13-1111; (3) for infra-red industrial heating appliances as described 
in Order 13-4237. In dwelling occupancies, the voltage between con
ductors supplying lampholders of the screw-shell type, receptacles, 
or appliances, shall not exceed 150 volts, except that the voltage 
between conductors supplying only, (1) permanently connected ap
pliances, or (2) portable appliances of more than 1,380 watts, or (3) 
portable motor-operated appliances of 14 horsepower or greater 
rating may exceed 150 volts. 

Order 13-2.114. Heavy-Duty Lampholders. 
Heavy-duty lampholders as referred to in this section shall include 

Edison-base lampholders of the mogul type, and other lampholding 
devices required for lamps exceeding the maximum rating of the 
medium-base lamp as provided in Order 13-94103. 

Order 13-2115. Branch Circuits Required. 
Branch circuits shall be installed as follows: 
A. Lighting and Appliance Ci1·cuits. For lighting, and for appli-. 

ances, including motor-operated appliances, not specifically provided 
fm' in paragraph B, branch circuits shall be provided for a computed 
load not less than that determined by Order 13-2116. 

The number of circuits shall be not less than that determined 
from the total computed load and the capacity of circuits to be used, 
but in every case the number shall be sufficient for the actual load 
to be served. 

Where the load is computed on a "watts pel' square foot" basis, 
the total load, in so far as practical, shall be evenly proportioned 
among the branch circuits according to their capacity. 

If lighting units to be installed operate at other than 100 per cent 
power factor. see paragraph B of Order 13-2125 for maximum ampere 
load permitted on branch circuits. 

For general illumination in dwelling occupancies. it is recommended 
that not less than one branch circuit be installed for each 500 square 
feet of floor area in addition to the receptacle drcult cal1f>iI for In 
paragraph B. below. 

See Examples No.1, 2, 3 and 4, Chapter 10. 

B. Receptacle Circuits (Dwelling Occupancies). For the small ap
pliance load in kitchen, laundry, pantry, dining room and breakfast 
room of dwelling occupancies, one or more branch circuits shall be 
provided for all receptacle outlets (other than outlets for clocks) in 
these rooms and such circuits shall have no other outlets. The con~ 
ductors of such circuits shall be not smaller than No. 12. 
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C. Other Ci?'cuits. For specific loads not otherwise provided for in 
paragraphs A or B, branch circuits shall be as required by other 
sections of the code. 

Order 13-2116. Calculation of Load. 
The branch circuit load for lighting and appiiances shall be com

puted in accordance with the provisions of this order. Where in 
normal operation the maximum load· of a branch circuit will con· 
tinue for long periods of time, such as store lighting and similar 
loads, the minimum unit loads specified in this order shall be in
creased by 25 per cent in order that ·the wiring system may havE 
sufficient branch circuit and feeder capacity to insure safe operation. 

A. General Lighting. For general illumination: 
1. In Listed Occupancies. In the occupancies listed in the table 

in Order 13-2203, a load of not less than the unit load of Column A 
shall be included for each square foot of floor area. 

In determining the load on the "watts per square foot" basis, 
the floor area shall be computed from the outside dimensions of the 
building, apartment or area involved, and the number of floors i not 
including open porches, garages. in connection with dwelling occu
pancies, nor unfinished spaces and unused spaces· in dwellings unless 
adaptable for future use. 

All receptacle outlets of 15-ampere or less rating in single-family 
and multi-family dwellings and in guest rooms of hotels (except 
those connected to the receptacle circuits specified in paragraph B 
of Order 13-2115) may be considered as outlets for general illumina
tion, and no additional load need be included for such outlets. The 
provisions of paragraph B of this order shall apply to all other 
receptacle outlets. 

2. In Other Occupancies: In other occupancies, a load of not less 
than the unit load specified in paragraph B of this order shall be 
included for each outlet. 

B. Other Loads. For lighting other than general illumination and 
for appliances other than motors, a load of not less than the unit load 
specified below shall be included for each oytlet . 
• Outlets supplying specific appliances and other loads. 

_____________________________________________ Amp. rating of appliance 
Outlets supplying heavy-duty lampholders ________________ 6 amperes 
:j:Other outlets _____________________ ~_~ _________ . ___________ llh amperes 

• For motors, see Orders 13-4314 and 13-4316. 
:j: This provision not applicable to receptacle outlets connected to the 

circuits specified in paragraph B of Order 13-2115 nor to receptacle 
outlets provided for the connection of fixed lighting units to facilitate 
servicing and replacement. 

C. Exceptions. The minimum load for outlets specified in paragraph 
B shall be modified as follows: 

1. Ranges. For household electric ranges, the branch circuit load 
may be computoo._ in accordance with Table 29, Chapter 10. 

2. Show-Window Ljghting. For show-window lighting a load of 
not less than 200 watts f~t each linear foot of show-window, measured 
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horizontally along its base, may be allowed in lieu of the specified 
load per outlet. 

3. Multi-Outlet Assemblies. Where, in other than dwellings and 
guest rooms of hotels, fixed multi-outlet assemblies are employed, 
each five feet or fraction thereof of each separate and continuous 
length shall be considered as one outlet of not less than 1¥.J ampere 
capacity; except in locations where a number of appliances are likely 
to be used simultaneously, when each one foot or fraction thereof 
shall be considered as an outlet of not less than 1¥.J amperes. 

4. Telephone Exchanges. Shall be waived for manual switch
boards and switching frames in telephone exchanges. 

D. Existing Installations. Additions to existing installations shall 
conform to the following: 

1. Dwelling Occupancies. New circuits or extensions to existing 
circuits may be determined in accordance with paragraphs A or B 
of this order; except that portions of existing structures not previ
ously wired, or additions to the building structure, either of which 
exceeds 500 square feet in area, shaH be determined in accordance 
with paragraph A of this order. 

2. Other Than Dwelling Occupancies. When adding new circuits 
or extensions to existing circuits in other than dwelling occupancies, 
the provisions of paragraphs A or B of this order shall apply. 

SPECIFIC REQUIREMENTS 

Order 13-2121. Conductors. 
Circuit conductol'S shall conform to the following: 
A. Ca?'rying Capacity. Shall have a carrying capacity of not less 

than the rating of the branch circuit and not less than the maximum 
load to be served. 

B. Minimum Size. Shall be not smaller than No.8 for ranges of 
8% kw or more rating, nor smaller than No. 14 for other loads. 

See paragraph B of Order 13-2115. 

C. Exceptions: 
1. Range Loads. See Note 5 of Table 29, Chapter 10. Where the 

maximum demand of a range of '8% kw or more rating is computed 
according to Column A of Table 29, Chapter 10, the neutral conductor 
of a three-wire branch circuit supplying a household electric range 
may be smaller than the ungrounded conductors but shall have a 
carrying capacity at least 70 per cent of the current-carrying capacity 
of the ungrounded conductors and shall not be smaller than No. 10. 

Cable assemblies with the neutral condUctor smaIIer than the 
ungrounded conductor shaH be so marked. 

2. Taps. Taps to individual lampholders or fixtures, taps not 
over 18 inches long to individual outlets, or taps to infra-red lamp 
industrial heating appliances, may be of less capacity than the branch 
circuit rating; but not less than the load to be served, and not smaller 
than No. 12 for 50-ampere circuits and No. 14 for other circuits. 
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3. Fixture Wires and Cords. Fixture wires and cords may be of 
smaller size, but not less than the size specified in paragraph D of 
Order 13-2403. 

See Table 3, Chapter 10, for the carrying capacity of fixture wires 
and cords. 

4. Outlet Devices. Outlet devices may have less carrying capacity 
than the branch circuit rating, but not less than the types and ratings 
specified in paragraphs A and B of Order 13-2123. 

Order 13-2122. Ovel'current Protection. 

The rating or setting of overcurrent devices shall conform to the 
following: 

A. Rating. Shall not be in excess of the carrying capacity of the 
circuit conductor. 

B. Single Appliance. Shall not exceed 150 per cent of the rating 
of the appliance, if the circuit supplies only a single appliance of 
10-ampere or more rating. 

C. Exceptions: 
1. Taps and Fixture Wires. Taps, fixture wires and cords as 

permitted in paragraph C of Ordel' 13-2121 may be considered as 
protected by the circuit overcurrent device. 

Order 13-2123. Outlet Devices. 
Outlet devices shall conform to the following: 
A. Lampholders. Lampholders shall have a rating of not less than 

the load to be served; and when connected to circuits having a rating 
of over 20 amperes shall be of the heavy-duty type. 

B. Receptacles. Receptacles shall have a rating of not less than 
the load to be served; and when connected to circuits having two or 
more outlets shall conform to the following: 
iii-amp. circuits _______________________________ Not over 15-amp. rating 
20-amp. circuits __________________________________ 15 or 20-amp. rating 
30-amp. circuits __________________________________ 20 or 30-amp. rating 
50 amp. circuits ________________________________________ 50-amp. rating 

Receptacles connected to circuits of more than 150 volts between 
conductors shall be of such design that attachment plug caps used on 
circuits of other voltages on the same premises cannot be inserted in 
them. 

Receptacles rated at 15 amperes connected to 15 and 20 ampere 
branch circuits serving two or more outlets shall not supply a total 
load in excess of 12 amperes for portable appliances. 

C. Exceptions: 
1. Range Loads. See Note 5 of Table 29, Chapter 10. 

Order 13-2124. Receptacle Outlets Required. 
Receptacle outlets shall be installed as follows: 
A. Gener.al. Where portable cords are used, except where the attach

ment of cords by other means is specifically permitted. 
A cord connector that Is supported by a permanently connected cQrd 

pendant Is conlljdered It receptacle outlet. 



ELECTRICAL CODE-ORDER 13-2127 41 

B. Dwelling Type Occupancies. In every kitchen, dining room, 
breakfast room, living room, parlor, library, den, sun room, recrea
tion room and bedroom, one receptacle .outlet shall be provided for 
every 20 linear feet or major fraction thereof of the total (gross) 
distance around the room as measured horizontally along the wall at 
the floor line. The receptacle outlets shall, insofar as practicable, be 
spaced equal distances apart. At least one receptacle outlet shall be 
installed for the connection of laundry appliances. This receptacle 
shall be of a 3-pole type designed for grounding. Receptacle outlets 
in floor shall not be counted as part of the required number of recep
tacle outlets unless located close to the wall. 

See Examples 1, 2 and 4, Chapter 10. 

Order 13-2125. Maximum Load. 
The maximum load shall conform to the following: 
A. Motor-Operated Appliances. The total load shall not exceed 80 

per cent of the branch circuit rating if motor-operated appliances 
are supplied. If circuit supplies only motor-operated appliance loads, 
Section 13-430 is to apply. 

B. Other Loads. The total load shall not exceed the branch circuit 
rating, and shall not exceed 80 per cent of the rating where in normal 
operation the load will continue for long periods such as store light
ing and similar loads. In computing the load of lighting units which 
employ ballasts, transformers or auto-transformers, the load shall be 
based on the total of the ampere rating of such units and not on the 
wattage of the lamps. 

C. Exceptions: 
1. Range Loads. See Note 5 of Table 29, -Chapter 10. 

Order 13-2126. Permissible Loads. 
Individual branch circuits may supply any loads. Branch circuits 

having two or more outlets may supply only loads as follows: 
A. 15- and 20-ArnpM'e Branch Circuits. Lighting units and/or 

appliances. The rating of anyone portable appliance shall not exceed 
80 per cent of the branch circuit rating. The total rating of fixed 
appliances shall not exceed 50 pel' cent of the branch circuit rating 
if lighting units or portable appliances are also supplied. 

B. 80-Arnpere Bmnch Circuits. Fixed lighting units in other tha.n 
dwelling occupancies; or appliances in any occupancy. The rating .of 
anyone portable appliance shall n.ot exceed 24 amperes. 

C. 50-Arnpere Branch Ciq'cuits. Fixed lighting units in .other than 
dwelling occupancies; or fixed cooking appliances; .or fixed range and 
water heater; or infra-red lamp industrial heating appliances. 

The term "fixed" as used In this order recognizes cord connections 
where otherwise permitted. 

Order 13-2127. Table of Requirements. 
The requirements for circuits having two or more outlets (other 

than the receptacle circuits of paragraph B of Order 13-2115) as 
Ilpecifically provided for above are summarized in the following table: 
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Branch Circuit Requirements 
(Type R. RH. RW. RU. RUW. T. and TW conductors in raceway or cable) 

CIRCUIT RATING 15 Amp. 20 Amp. 30 Amp. 50 Amp. 

CONDUCTORS: 
(Min. Size) 

Circuit Wires 14 12 10 6 
Taps 14 14 14 12 
Fixture Wires and Cords 

OVERCURRENT 
PROTECTION 15 Amp. 20 Amp. 30 Amp. 50 Amp. 

OUTLET DEVICES: 
Llimpholders Permitted Any Type Any Type Heavy Duty Heavy Duty 
Receptacle Rating Max. 15 or 20 20 or 30 50 Amp. 

15 Amp. Amp. Amp. 

MAXIMUM LOAD 15 Amp. 20 Amp. 30 Amp. 50 Amp. 

PERMISSIBLE LOAD Order 13-2126 Order 13-2126 Order 13-2126 Order 13-2126 
A A B C 

SECTION 13"':220-FEEDERS 

Order 13-2201. Feeder Size. 
Feeder conductors shall be not smaller than specified in Tables 1 

and 2 of Chapter 10 for the computed feeder load as determined by 
Order 13-2203. A 2-wire feeder supplying two or more 2-wire branch 
circuits, or a 3-wire feeder supplying more than two 2-wire branch 
circuits, or two or more 3-wire branch circuits, shall be not smaller 
than No. 10. If a feeder carries the total current supplied by the 
service-entrance conductors, such feeder, for services of No.8 and 
smaller, shall be of the same size as the service-entrance conductors. 

If at any time it is found that feeder conductors will be, or are, 
overloaded, tlie feeder capacity shl).ll be increased to comply with the 
provisions of Tables 1 and 2 of Chapter 10 for the actual load served. 

See Examples Nos. 1 to 7 of Chapter 10. 

Order 13-2202. Voltage Drop. 
The size of the feeder conductors should be such that voltage drop 

up to the final distribution point for the load as computed by order 
13-2203 will not be more than 3 per cent for power loads, and not 
more than 1 per cent for lighting loads or combined lighting and 
power loads. 

Order 13-2203. Calculation of Load. 
The computed load of a feeder shall be not less than the sum of 

all branch circuit loads supplied by the feeder, as determined by 
Order 13-2116, subj ect to the following provisions: 

A. GenM'al Lighting. The demand factors specified in this para
graph may be applied to the computed branch circuit load for gen
eral illumination. It is not intended that these demand factors be 
applied in determining' the carrying' capacities of branch circuits for 
general illumination supplied by the feeders. 

See paragraph C. 



ELECTRICAL CODE-ORDER 13-2203 43 

Unit Loads and Feeder Demand Factors 
The unit values and the demand factors herein are based on minimum 

load conditions and 100 per cent power factor, and may not provide 
sufficient capacity for the InstalIation contemplated. 

In view of the trend toward higher Intensity lighting systems and 
Increased loads due to more general use of fixed and portable appliances, 
each installation should be considered as to'the load likely to be Imposed 
and the capacity increased to Insure safe operation. 

Where electric discharge lighting systems are to be Installed, high 
power-factor type should be used or the conductor capacity may need 
to be increased. 

COL,A COL.B 
Unit Load Load to which Demand 
Per Sq, Ft. Demand Factor Factor 

Type of Occupancv (Watts) Applies (Watt,,) 
Armories and Auditori'lrtlS 1 Total Wattage 100% 
Banks 2 Total Wattal{e 100% 
Barher Shops and Beauty Pa "Iors 3 Total Wattage 100% 
Churches 1 'rotal Watta!(e 100% 
Clubs 2* Total Wattage 100% 
Court Rooms 2 'I'otal Wattage 100% 
Dwellings (Other than Hotels) 3* 3,000 or less 100% 

Next 117,000 35% 
Over,120,000 25% 

Garages-Commercial (storage) ~ Total Wattage 100% 
Hospitals 2 50,000 or less 40%t 

Over 50,000 20% 
Hotels, including apartment houses without 20,000 or less 50%t 

provisions for cooking by tenants 2* Next 80,000 40% 
Over 100,000 300/,. 

Industrial Commercial (Loft) Buildings 2 Total Wattage 100% 
Lodge Rooms 1~ Total Wattage 1000/" 
Office Buildings 2 20,000 or less 100~ 

Over 20,000 70 n 
Restaurants 2 Total Wattage 1000/" 
Schools 15,000 or less 100% 

Over 15,000 500/" 
Stores 3 Total Watta!(e 100% 
Warehouses Storage )4 12,500 or less 100~ 

Over 12,500 50 n 

In any of above occupancies except single-
family dwellings and individual apartments 
of multi-family dwellings: 

Assembly Halls and Auditoriums 1 Total Wattage as specified for 
Halls, Corridors, Closets ~ 

the specific occupancy 
Storage spaces 

*See paragraph C of this order. 
tFor sub-feeders to areas in hospitals and hotels where entire lighting is likely to be used at 

one time; as in operating rooms, ballrooms, dining rooms, etc., a demand factor of 100 per cent 
shall be used. 

B. Show-Window Lighting. For show-window lighting, a load of 
not iess than 200 watts shall be included for each linear foot of 
show-window measured horizontally along its base. 

C. Small Appliances. The small appliance l,oad specified in sub
paragraph C-1, and the computed branch circuit load for receptacle 
outlets in other than dwelling occupancies, for which the allowance 
is not more than 1 % amperes per outlet, may be included with the 
general lighting load and subject to the demand factors in paragraph 
A of this order. 

1. Dwelling Occupancies. In single-family dwellings, in indi
vidual apartments of multi-family dwellings having provisions fot 
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cooking by tenants, and in each hotel suite having a serving pantry; 
a feeder load of not less than 1,500 watts shall be included for small 
appliances (portable appliances supplied from receptacles of 15-
ampere or less rating) in dining room, kitchen and laundry. If the 
load is subdivided through two or more ·feeders, the computed load 
for each shall include not less than 1,500 watts for small appliances. 

D. Electric Ranges. The feeder load for household electric ranges 
and other cooking appliances, individually rated more than 1 %, kw, 
may be calculated in accordance with Table 29, Chapter 10. 

In order to provide for possible future installation of ranges of higher 
ratings, it is recommended that where ranges of less than 8 %. lew rat
ings are to be installed, the feeder capacity be not less than the max
imum demand value specified in Column A of TI!-ble 29, Chapter 1Q. 

Where a number of ranges are supplied by a 3-phase, 4-wire 
feeder, the current shall be computed on the basis of the demand of 
twice the maximum number of ranges connected between any two 
phase wires. 

See example No.7, Chapter 10. 

E. Fixed Appliances (Other than Ranges). Where foUl' or more 
fixed appliances, in addition to an electric range or ranges, are con
nected to the same feeder in a single or multi-family dwelling, a 
demand factor of 75 per cent may be applied to the fixed appliance 
load, not including the electric ranges. \ 

F. Motors. For motqrs, a load computed according to the provi
sions of Orders 13-4314, 13-4315 and 13-4316 shall be included. 

G. Neutral Feeder Load. The neutral feeder load shall be the max
imum unbalance of the load determined by Order· 13-2203. The max
imum unbalanced load shall be the maximum connected load between 
the neutral and anyone ungrounded conductor; except that the load 
thus obtained shall be multiplied by 140 per cent for 5-wire, 2-phase 
systems. For a feeder supplying household electric ranges, the max
imum unbalanced load shall be considered as 70 per cent of the load 
on the ungrounded conductors, as determined in accordance with 
Column A of Table 29, Chapter 10. For 3-wire, D.C. or single-phase 
A.C., 4-wire 3-phase and 5-wire 2-phase systems, a further demand
factor of 70 per cent may be applied to that portion of the unbalanced 
load in excess of 200 amperes. 

See EXamples 1, 2, 3, 4 and 6, Chapter 10. 

Order 13-2204. Common Neutral Feeder. 
A common neutral feeder may be employed for two or three sets 

of 3-wire feeders, or two sets of 4-wh'e or 5-wire feeders. When in 
metal enclosures, all conductors of feeder circuits employing a com
mon neutral feeder shall be contained within the same enclosure as 
provided in Order 13-3018. 

Order 13-2205. Diagram of Feeders. 
If required by the authority enforcing this code, a diagram showing 

feeder details shall be supplied previous to installation. This diagram 
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should show: Area in square feet; load (before applying demand fac
tors); demand factors selected; computed load (after applying demand 
factors); and the size of conductors. 

SECTION 13-230. SERVICES 

GENERAL REQUIREMENTS 

Order 13-2301. One Set of Service Conductors Only. 
In gen'eral, a building shall be supplied through only one set of 

service conductors, except: 
A. Where more than one service drop is permitted by Order 

13-2321. 
B. Buildings of multiple occupancy may have two or more 

separate sets of service entrance conductors which are tapped from 
one service drop, or two or more sub-sets of service entrance con
ductors may be tapped from a single set of main service conductors. 

C. In a single occupancy, where a set of service conductors is 
already installed for one class of use, one additional set may be 
installed for a different class of use. (See 13-2351B and 13-2371A4) 

Order 13-2302. Service from One Building Through Another. 
No overhead service, no underground service, and no service from 

an isolated plant shall supply one building through another, unless 
such buildings are under single occupancy or management. Conductors 
in conduit or duct placed under at least two inches of concrete beneath 
a building, or buried in two inches of brick masonry or in concrete 
within a wall, shall be considered outside the building. 

Order 13-2303. Insulation of Service Conductors. 
Service conductors extending from the service entrance to the first 

pole shall have an insulating covering which will normally withstand 
exposure to atmospheric and other conditions of use and whicn shall 
prevent any detrimental leakage of current to adjacent conductors, 
objects, or the ground. 

A. Uninsulated Neutral. In the case of service conductors that have 
a nominal voltage to ground of not more than 208 volts, a grounded 
neutral service conductor without an insulating covering may be 
installed. 

B. Underground. Except as provided in paragraph A, undergTound 
service conductors up to the point of attachment to service equipment 
shall be covered with rubber, cambric, thermoplastic, paper or other 
approved insulating material. Service conductors installed under
ground, or in concrete slabs or masonry in direct contact with earth, 
shall be lead-covered or of other types specially approved for the 
purpose. 

C. SM'Vice Drops. Except as provided in paragraph A, service drop 
conductors in multiple-conductor cables shall be rubber-covered or 
thermoplastic-covered. All open individual conductors shall be rubbel'
covered, thermoplastic-covered, or weather-proof (type WP). 
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D. On Exterior of or Entering Buildings. Except as provided in 
paragraph A, service conductors extending along the exterior of or 
entering buildings shall be rubber-covered or thermoplastic-covered 
if in raceways, or in service cables. Open individual conductors which 
enter the building shall be rubber-covered or thermoplastic-covered; 
but where on the exterior of the building only may be weatherproof 
(type WP). 

Order 13...:2304. Size of Service Conductol·S. 
Service conductors shall have adequate current-carrying capacity 

to safely conduct the current for the loads supplied without a tem
perature rise detrimental to the insulating covering of the conductors, 
and shall have adequate mechanical strength. 

A. Service Entrance Conduotors. Service entrance conductors, in
cluding underground services, shall have a current carrying capacity 
sufficient to carry the load as determined by Order 13-2203, and in 
accordance with Tables 1 and 2 of Chapter 10. Service entrance 
conductors supplying installations of three or more branch circuits 
shall consist of at least two No.6 insulated conductors and one No.8 
bare conductor. Installations having only one or two branch circuits 
may be served by two No.8 conductors. The neutral of the sel'vice 
entrance conductors shall have a current carrying capacity in con-. 
formity with Order 13-2203, and shall be the same size as the 
ungrounded conductor when the ungrounded conductors are No.8. 

B. Service Drops. Conductors in service drops shall be not smaller 
than No. 10 if of soft copper, or No. 12 if of medium or hard drawn 
copper. 

Order 13-2305. Service Entrance Conductors without Splice. 
Service entrance conductors shall be without splice except as 

follows: 
A. Clamped or bolted connections in a meter enclosure are per

mitted . 
. B. Taps to main service conductors are permitted as provided in 

sub-paragraph B of Order 13-2301, or to individual sets of service 
equipment as provided in sub-paragraph A of Order 13-2351. 

C. A connection is permitted, if properly enclosed, where an un
derground service conductor enters a building and is to be extended 
to the service equipment or meter in another form of approved service 
raceway or service cable. 

D. A connection is permitted where service conductors are ex
tended from a service drop to an outside meter location and returned 
to connect to the service entrance conductors of an existing 
installation. 

E. For extending existing services, special permission to make 
splices in fittings of the service run and to extend existing wire size 
may be granted. 
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Order 13-2306. Conductors in Service Raceway. 
Conductors other than service conductors, grounding conductors, or 

control conductors from time switches having overcurrent protection, 
shall not be installed in the service raceway. 

Water heater leads are to be considered as service entrance conductors. 
Note: Where a meter is located on a pole the wires to and from the 

meter may be installed in the same raceway if service entrance equip
Illent Is provided at each building- supplied from this nole, 

UNDERGROUND SERVICES 

Order 13-2311. Mechanical Protection. 
Underground service conductors shall be protected against mechan

ical injury by being installed in duct, conduit, in the form of a cable 
approved for the purpose or by other approved means. 

Order ,13-2312. Protection on Poles. 
If underground service conductors are carried up, a pole the 

mechanical protection shall be installed to a point at least 8 feet 
above the ground. 

Order 13-2313. Protection Where Entering Building. 
Where underground service conductors enter a building, they shall 

have mechanical protection in the form of rigid 01' flexible conduit, 
electrical metallic tubing, auxiliary gutters, the metal tape of an 
approved service cable, or other approved means. The mechanical pro
tection shall extend to the enclosure for the service equipment unless 
the service switch is installed on a switchboard, in which case a 
bushing shall be provided which, except where lead covered con
ductors are used, shall be of the insulating type. 

Order 13-2314. Sealing End of Raceway. 
Where a service raceway or duct enters from an underground dis

tribution system, the end within the building shall be sealed with 
suitable compound so as to prevent the entrance of moisture or gases. 
Spare or unused ducts shall also be sealed. 

SERVICE DROP CONDUCTORS 

Order 13-2321. Number of Drops. 
No building shall be supplied from the same transformer, 01' from 

the same secondary distribution system, through more than one 
service drop, except as follows: 

A. Fire Pumps. If a separate service is required for fire pumps. 
B. E1ne1'gency Lighting. If a separate service is required fOl' 

emergency lighting purposes. 
C. Capacity Requi1·mnents. If capacity requil'ements make mul

tiple services oeRil'ahl{'. 
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D. Buildings of La1'ge A1'ea. By special permission, if more than 
one service di'op is necessary due to the area over which a single 
building extends. 

E. Multiple Occupancy Buildings. By special permission; in mul
tiple occupancy buildings where there is no available space for service 
equipment accessible to all of the occupants. 

F. Additional drops may be supplied if they are necessary because 
of voltage regulation, consumer classification or regulatory orders. 

Note: On a farm 01' any place that must depend partially 01' wholly 
upon a local motor driven pump for fire protection, it is advisable to 
connect that motor in such a way that the opening of other than its 
own circuit protection will not interrupt service to the pump. 

Order 13-2322. Clearance of Service Drop. 

Service drops shall not be readily accessible and shall conform to 
the following: 

A. Clea1'ance OVM' Roof. Conductors shall have a clearance of not 
less than 8 feet from the highest point of roofs over which they pass, 
except where the voltage between conductors does not exceed 300 and 
the roof cannot be readily walked upon, the clearance may be not 
less than 3 feet. 

B. Clea1'ance from Ground. Conductors shall have a clearance of 
not less than 10 feet from the ground or from any platform or projec
tion from which they might be reached. 

C. Cleamnce fr01?~ Building Openings. Conductors shall have a 
clearance of not less than 36 inches from windows, doors, porches, 
fire escapes, or similar locations. 

Order 13-2323. Supports Independent of Building. 

Where practicable, conductors passing over a building shall be sup
ported on structures which are independent of the building. If neces
sary to attach conductors to roof they shall be supported on substan
tial structures. 

Order 13-2324. Point of Attachment to Building. 

In general, the point of attachment of a service drop to a building 
shall be not less than 10 feet above ground and shall be at a height 
to permit a minimum clearance for service drop conductors of 10 
feet above sidewalks, 18 feet above alleys, roads and streets, 15 feet 
above farm driveways and 12 feet above drives to residence garages. 
The attachment should not be more than 30 feet above ground unless 
a greater height is necessary for proper clearance. 

Order 13-2325. Means of Attachment. 

Multiple conductor cables used for service drops shall be attached 
to buildings by fittings approved for the purpose. 
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SERVICE CONDUCTORS ON OR IN BUILDINGS 

Order 13-2331. Wiring Methods. 
Service conductors extending along the exterior, 01' entering build

ings, may be installed as separate conductors, in cables approved for 
the purpose, or enclosed in rigid conduit, 01', for circuits not exceeding 
600 volts, in electrical metallic tubing or as busways. 

Service-entrance conductors should not be run within the hollow 
spaces of frame buildings unless provided with automatic overcul'rent 
protection at their outer end. 

Order 13-2332. Mechanical Protection. 
Individual open conductors or cables other than approved service

entrance cables, shall not be installed within 8 feet of the ground or 
where exposed to mechanical injury. Service-entrance cables, if liable 
to contact with awnings, shutters, swinging signs, installed in exposed 
places in driveways, near coal chutes or otherwise exposed to 
mechanical injury, shall be of the protected type or be protected by 
conduit, electrical metallic tubing or other approved means. 

Order ,13-2333. Individual Conductors Exposed to Weather. 
Individual open conductors, if exposed to weather, shall be sup

ported on insulators, racks, brackets, or other means, placed at inter
vals not exceeding 9 feet and separating the conductors at least 6 
inches from each other and 2 inches from the surface wired over; or 
at intervals not exceeding 15 feet if they maintain the conductors at 
least 12 inches apart. For 300 volts or less, conductors may have a 
separation of not less than 3 inches if supports are placed at inter
vals not exceeding 4ljz feet and conductors are not less than 2 inches 
from the surface wired over. Weather-pl'oof conductors (type WP) 
on exterior of buildings shall have a cleal'ance from the ground of 
not less than 8 feet, and a clearance from windows, doors, porches, 
etc., of not less than 3 feet. 

Order 13-2334. Individual Conductors Not Exposed to Weather. 
Individual open conductors not exposed to the weather may be sup

ported on glass or porcelain knobs placed at intervals not exceeding 
4th feet and maintaining the conductors at least one inch from the 
surface wired over and a separation of at least 2th inches between 
conductors. 

Order 13'-2335. Individual Wires Entering Buildings. 
Individual conductors entering buildings shall pass inward and up

ward through slanting non-combustible, non-absorptive insulating 
tubes, or shall enter through roof bushings, and shall conform to the 
provisions of Section 13-324. Drip loops shall be formed on the con
ductors before entering tubes. 

Order 13-2336. Service Cables. 
Service cables of a type not approved for mounting in contact with 

the wall shall have insulating supports at intervals not exceeding 16 
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feet, and maintaining a distance of at least 2 inches from the surface 
wired over. Service cables mounted in contact with the building shall 
be supported at intervals not exceeding 4% feet. 

Order 13-2337. Service Head. 
Service raceway shall be equipped with a l'aintight service head. 

Service cable, unless continuous from pole to service equipment or 
meter, shall be equipped with an approved raintight service head, 
01' be formed in a gooseneck, taped and painted and held securely in 
place by its connection to service-drop conductors below the goose
neck or by a fitting approved for the purpose. Drip loops shall be 
formed on individual conductors. To prevent the entrance of moisture, 
service-entrance conductors shall not be connected to the service-drop 
conductors at a pohit above the level of the service head or the ter
mination of service-entrance cable sheaths. If service heads are used, 
conductors of opposite polarity shall be brought out through separately 
bushed holes. 

Order 13-2338 Enclosing Raceways Made Raintight. 
If rigid metal raceways are installed where exposed to weather the 

raceways shall be made rain tight and arranged to drain. 

Order 13-2339. Terminating Raceway at Service Equipment. 
If conduit, electrical metallic tubing, or service cable is used for 

service conductors, the inner end shall enter a terminal box or cabinet, 
or be made up directly to an equivalent fitting, enclosing all live metal 
parts, except that if the service disconnecting means is.mounted on 
a switchboard having exposed busbars on the back, the raceway may 
be equipped with a bushing which shall be of the insulating type 
unless lead-covered conductors are used. 

DISCONNECTING MEANS 

Order 13-2351. General. 
Each set of service-entrance conductors shall be provided with a 

readily accessible means of disconnecting all conductors from the 
source of supply. 

A. Switch and Circuit-Bnaker. The disconnecting means shall be 
manually operable. It may consist of not more than six switches or 
six circuit-breakers in a common enclosure, or in a group of separate 
enclosures, located at a readily accessible point nearest to the entrance 
of the conductors, either inside or outside the building wall. The 
disconnecting means shall be of a type approved for service equipment 
and for prevailing conditions. 

For service operating at not to exceed 250 volts and capacities 
up to and including 100 amperes, the service switch and service fuses, 
when not a part of a switchboard, shall be of the accessible fuse or 
deadfront type in which the fuses are dead when accessible and no 
live parts are ~xposed to accidental contact. 
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Exception. Where the meter is not of the socket type or where cur
rent transformers or large self-contained meters are used, the main dis
connecting means may consist of not more than six switches or six 
manually-operable circuit-breakers, provided an approved disconnecting 
means is installed ahead of the meter or the metering current trans
formers. If such disconnecting means is incapable of being operated 
under full load, the service on which it is installed must be sealed or 
otherwise rendered inaccessible to other than qualified persons. 

B. Multiple-OQ!Jupancy. In a multiple-occupancy building, each oc
cupant shall have access to his disconnecting means. A multiple
occupancy building having individual occupancy above the second floor 
shall have service equipment grouped in a common accessible place, 
the disconnecting means consisting of not more than six switches or 
six circuit-breakers. Multiple-occupancy buildings that do not have 
individual occupancy above the second floor may have service con
ductors run to each occupancy in accordance with 13-2301-B and 
each such service may have not more than six switches or circuit
breakers. 

C. Disconnection of Grounded Conductor. If the switch or circuit
breaker does not interrupt the grounded conductor, other means shall 
be provided in the service cabinet or on the switchboard for discon
necting the grounded conductor from the interior wiring. 

D. More than One Building. Ina property comprising more than 
one building under single management, the conductors supplying each 
building served shall be provided with a: readily accessible means, 
within or adjacent to the building, of disconnecting all ungrounded 
conductors from the source of supply. In garages and outbuildings on 
residential property the disconnecting means may consist of a snap 
switch, suitable for use on branch circuits, including switch controls 
at more than one point. 

E. Safeguarding Eme~'gency Supply. If an emergency supply is 
provided to feed the conductors controlled by the service disconnecting 
means, the disconnector shall be of a design that will open all un
grounded conductors from the usual supply before connection is made 
to the emergency supply, unless agreed upon arrangements have been 
made for parallel operation and suitable automatic control equipment 
provided. . 

Order 13-2352. Connections Ahead of Disconnecting Means. 
Service fuses, meters, high-impedance shunt circuits (such as poten

tial coils of meters, etc.), supply conductors for time switches, surge 
protective capacitors, instrument transformers, lightning arresters and 
circuits for emergency lighting and for fire alarms as provided in 
Order 13-2375, may be connected on the supply side of the discon
necting means. Taps from service conductors to supply time switches, 
circuits for emergency lighting, etc., shall be installed in accordance 
with Order 13-2331 and disconnecting means shall be installed as 
required in Order 13-2351. 

For detailed service provisions for fire alarm, sprinkler supervisory, 
or watchman systems, see appropriate Standards of the National Fire 
protection Association. 
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Order 13-2353. Simultaneous Opening. 
The disconnecting means shall simultaneously djsconnect all un

grounded conductors, except for 3-wire direct-current or single-phase 
circuits or multi-wire lighting circuits. 

Order .13-2354. Types Permitted. 
The disconnecting means for ungrounded conductors may be a switch 

or manually operable circuit-breaker of the air-break or oil-immersed 
type, equipped with a handle or lever for mechanical operation by 
the hand. 

A push-button type of electrical remote control may be used In addi
tion tp the manual handle. 

Order 13-235'5. Indicating. 
The disconnecting means shall plainly indicate whether it is in the 

open or closed position. 

Order 13-2356. Externally Operable. 
An enclosed service switch or circuit-breaker shall be externally 

operable. See definition Order 1020. 
It Is recommended that where the current of a single circuit, or group 

of circuits, is separately metered, as in apartment house installations, 
devices be installed in a convenient location to control each separately 
metered installation, such devices being enclosed and the switch or 
circuit-breaker being externally operable. 

Order 13-2357. Rating of Service Switch. 
A service switch shall have a rating not less than the load to be 

carried determined in accordance with Order 13-2203. The service dis
connecting means shall have a rating of not less than 60 amperes if a 
switch is used, and not less than 50 amperes if a circuit-breaker is 
used; however for installations consisting of not more than two 2-wire 
branch circuits a switch or circuit-breaker of 30-ampere minimum 
rating may be used. 

Order 13-2358. Connection to Terminals. 
The service conductors shall be attached to the disconnecting means 

by pressure connectors, clamps or other approved means, except that 
connections which depend upon solder shall not be used. 

Order 13-2359. Hazardous Locations. 
Service equipment installed in hazardous locations shall comply with 

the requirements of Section 13-500. 

Order 13-2360. Service Equipment Grouped. 
If supplied at the same side of the building by more than one over

head service drop or more than one set of underground service con
ductors, the service equipments, except for services as permitted in 
Orders 13-230lB, C and 13-2321, shall be grouped and each set of 
equipment marked to identify it. 
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OVERCURRENT PROTECTION 

Order 13-2371. Where Required. 
Each ungrounded service entrance conductor shall have overcurrent 

protection. . 
A. In Ungrounded Conductor. Such protection shall be provided by 

an overcurrent device in series with each ungrounded service con
ductor, having a rating 01' setting not higher than the allowable carry
ing capacity of the conductor, except as follows: 

1. For motor-starting currents, ratings in conformity with Orders 
13-4342, 13-4362, or 13-4363 may be used. 

2. Circuit-breakers may have a setting in conformity with Orders 
13-2403 B & C. 

3. Not more than six circuit-breakers or six sets of fuses may 
serve as the overcurrent device. 

4. In a multiple occupancy building each occupant shall have 
access to ·his over-current protective devices. A mUltiple occupancy 
building having individual occupancy above the second floor shall.have 
service equipment grouped in a common accessible place, the overcur
rent protection consisting of not more than six circuit-breakers or six 
sets of fuses. Multiple occupancy buildings that do not have indi
vidual occupancy above the second floor may have service conductors 
run to each occupancy in accordance with 13-2301B and each such 
service may have not more than six circuit-breakers or six sets of 
fuses. 

A set of fuses is all the fuses required to protect all the ungrounded 
r.onductors of a circuit. 

B. Not in Grounded Conductor. No overcurrent device shall be in
serted in a grounded service conductor, except a circuit-breaker which 
simultaneously opens all conductors of the circuit. 

C. More Than One Building. In a property comprising more than 
one building under single management, the conductors supplying each 
building served shall be protected by overcurrent devices, which .may 
be located in the building served or in another building on the same 
property, provided they are accessible to the occupants of the building 
served. 

Order 13-2372. Location. 
The service overcurrent device shall be an integral part of the 

service disconnecting means or shall be located immediately adjacent 
thereto, unless located at the outer end of the service raceway. 

Order ,13-2373. Location of Branch-Circuit Overcurrent Devices. 
If the service overcurrent devices are locked or sealed, or otherwise 

not readily accessible, branch-circuit overcurrent devices shall be in
stalled on the load side, shall be mounted in an accessible location 
and shall be of lower rating than the service overcurrent device. 
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Order 13-237 4. Prot~tion of Special Circuits. 
If necessary to prevent tampering, an automatic overcurrent device 

protecting service conductors· supplying only a special load such as 
. water heater, may be locked or sealed if located so as to be accessible: 

Order 13-2375. Relative Location of Overcurrent Device and Other 
Service Equipment. 

The overcurrent device shall protect all circuits and devices except 
as follows: 

A. The service switch may be placed on the supply side. 
B. Meters, etc., as permitted in Order 18-2352, that may be con

nected and installed on the supply side of the disconnecting means 
for the service conductors. Taps from service conductors to supply 
time switches, etc., that are connected and installed on the supply side 
of the service disconnecting and overcurrent protective means, as per
mitted in Order 13-2352, ir separately provided with over-current 
protection. 

C. Circuits for emergency lighting may be connected on the sup
ply side of the service overcurrent device if separately provided with 
overcurreilt protection. 

D. Circuits used only for· the operation of fire alarm or other 
protective signaling systems may be connected on the supply side 
of the service overcurrent device if separately provided with over
current protection •. 

E. The meter may be. placed on the supply side of the over
current device for alternating current supply not in excess of 300 volts 
between conductors, and provided the conductors between meter and 
service equipment are installed by any of the methods specified in 
Order 13-2331 for service conductors. 

GROUNDING AND GUARDING 

Order 13-2381. Enclosure. 
Live parts of service equipment shall be enclosed so that they will 

not be exposed to accidental contact, unless mounted on a switchboard, 
panelboard or controller accessible to qualified persons only and 
located iI). a room or enclosure free from easily ignitible material. 
Such an enclosure shall be provided with means for locking or sealing 
doors giving access to live parts. 

This includes meter sockets. 

Order 13-2382. Grounding. 
Service equipment shall be grounded as follows: 

A. Equipment. The meter and enclosure for service equipment 
shall be grounded in the manner specified in Section 13-250, unless 
(1) the voltage does not exceed 150 volts to ground and such 'enclosures 
are (2) isolated from conducting surfaces, and (8) unexposed to con
tact by persons or materials that may also be in contact with other 
conducting surfaces. The enclosure for metering equipment, installed 
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on the supply side of the service equipment, may be grounded to 
the neutral conductor when the provisions of paragraph A of Order 
13-2304 are complied with. 
. B. Raceways. Service raceways, and the metal sheath of service 
cables, shall be grounded. Conduit and metal pipe from underground 
supply shall be considered sufficiently grounded if containing lead
sheathed cable bonded to a continuous underground lead-sheathed 
cable system. 

C. Flexible Conduit. If a service run of rigid metal raceway is 
interrupted by flexible metal conduit, the sections of rigid metal race
way thus interrupted shall be bonded together by a copper conductor 
not smaller than No.8, using clamps or other approved means. The 
conductor and bonding devices shall be protected from mechanical 
injury. If the flexible conduit runs to the service cabinet, similar 
bonding shall be installed between the cabinet and the rigid raceway. 

SERVICES EXCEEDING 600 VOLTS 

Secondary conductors, not the primary conductors, are regarded as 
constituting the service conductors to the building proper in the 
following cases: 

1. Where step-down transformers are located outdoors. 
2. Where step-down transformers are located in a separate build

ing from the one served. 
3. Where step-down transformers are located in the building 

served in a transformer vault conforming to the requirements of 
Orders 13-4541 to 13-4548, and under the sole control of the supply 
company. 

In no case will the provisions of this section apply to equipment not 
directly connected to service conductors, and consequently will not 
apply to equipment in vaults under the sole control of the supply 
company. 

Order 13-2386. General. 
Service conductors and equipment used on circuits exceeding 600 

volta between conductors shall comply with Orders 13-2301 to 13-2325 
Inclusive, Orders 13-2335, 13-2381 and 13-2382, and also the following 
Orders 13-2387 to 13-2392 inclusive. 

Order 13-2387. Wiring Methods. 

In locations accessible to other than qualified persons service en
trance conductors of more than 600 volts shall be installed in rigid 
conduit, or as multiple conductor cable approved for the purpose. If 
the voltage exceeds 15,000 volts between conductors they shall enter 
a transformer vault conforming to the requirements of Orders 13-
4541 -to 13-4548. Conductors in conduit or duct and enclosed by con
crete or brick not less than 2 inches thick shall be considered outside 
of the building. Unless conductors specifically approved for the pur
pose are used, raceways embedded in masonry, or exposed to the 
weather, or in wet locations shall be arranged to drain. 
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A. Open Work. If open work is employed where not accessible to 
other than qualified. persons, the service conductors shall be rigidly 
supported on glass, porcelain or other insulators approved for the 
purpose, which will keep them at least 8 inches apart, except at 
terminals of equipment. They shall be not less than 2 inches from the 
surfaces wired over and for voltages exceeding 2500 not less than 
3 inches. . 

B. ,Service Cable. Where cable conductors emerge from a metal 
sheath or raceway, the insulation of the conductors shall be protected 
from moisture and mechanical injury by a pothead or other approved 
means. 

C. Conductor Size. Service conductors shall be not smaller than 
No.6 unless in cable. Conductors in cable shall be not smaller than 
No.8. 

D. SUppM·tS. Service conductors and their supports, including in
sulators, shall have strength and stability sufficient to insure main
tenance of adequate clearance with abnormal currents in case of 
short circuits. 

E, Guarding. Open wires shall be guarded where accessible to 
unqualified persons. 

Order 13-2388. Disconnecting Means. 
The circuit-breaker or the alternatives for it specified in Order 

13-2389 will constitute the disconnecting means required by Order 
13-2351. 

Order 13-2389. Overcurrent Protection. 
Qvercurrent devices shall be provided in accordance with the fol

lowing: 
A. In Vault M' Consisting of Metal-Enclosed Switchgear. If the 

service equipment is installed in a transformer vault meeting the pro
visions of Orders 13-4541 to 13-4548, or consists of metal-enclosed 
switchgear, the requirements for overcurrent protection and discon
ne.cting means may be fulfilled by the following: 

1. On circuits of 15,000 volts or less, oil-filled or other fuses of 
suitable rating and type, which conform to Order 13-7103, may be 
used without switch or circuit-breaker provided they may be operated 
as a disconnecting means. 

2. If the voltage is 25,000 or less, a non-automatic switch capable 
of interrupting the rated circuit load and suitable fuses may be used. 

3. Automatic-trip circuit-breakers may also be used under the 
limitations outlined in paragraphs 1 and 2. If these limitations are 
exceeded, an automatic-trip circuit-breaker shall be installed in com
pliance with the requirments of paragraph B. 

4. If the voltage is 15,000 or less, a switch capable of interrupting 
the no-load current of the transformer and suitable fuses may be used, 
provided the switch is interlocked with a circuit-breaker in the sec
ondary circuit of the transformer so that the switch cannot be opened 
when the circuit-breaker is closed. 
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5. Metal-enclosed switchgear referred to in this section shall 
consist of switchgear having a sUbstantial steel structure and a steel 
enclosure of thickness not less than % inch, over the sides and top. 
The enclosure shall be furnished as an integral part of the equip
ment. If installed over a wood floor, suitable protection thereto shall 
be provided. 

B. Not in Vault or Metal Enclosure. If the service equipment is not 
in a vault or metal enclosure, the over-current device shall consist 
of an automatic trip circuit-breaker of suitable current-carrying and 
interrupting capacity with an overcurrent unit in each ungrounded 
conductor and so arranged that the operation of anyone device will 
open all ungrounded conductors. If the voltage of the circuit exceeds 
5000, the requirement of Order 13-7135 shall apply. A circuit-breaker 
used as service equipment shall be located as near as possible to where 
the service conductors enter the building, or else on a pole outside 
the building. . 

C. Fuses. Fuses used as permitted in paragraph A sl1all have an 
.interrupting rating at least equal to the maximum short-circuit 
current possible in the circuit. 

D. Circuit-Breakers. Provision shall be made so that the circuit
breaker is free to open in case the circuit is closed on an overload. 
This can be accomplished by means such as trip-free breakers or by 
multiple breakers having an operating handle per pole. A service 
circuit-breaker shall indicate clearly whether it is open or closed, and 
shall be capable of interrupting the maximum short-circuit current 
to which it may be subjected. 

Order 13-2390. Isolating Switches. 

Isolating switches shall be provided as follows: 

A. Air-break isolating switches shall be installed between oil 
switches or air or oil circuit-breakers used as service switches and 
the supply conductor, except where such equipment is mounted on 
removable truck panels or metal-enclosed switch-gear units which 
cannot be opened unless the circuit is disconnected, and which, if 
removed from the normal operating position, automatically discon
nects the circuit-breaker or switch from all live parts. 

B. When the fuses used with non-automatic oil switches in 
accordance with 13-2389-A are of a type that may be operated as a 
disconnect switch, they may serve as the isolating switch if they 
completely disconnect the oil switch and all service equipment from 
the source of supply. 

C. Air-break isolating switches shall be accessible to qualified. 
attendants only. They shall be arranged so that a grounding connec
tion on the load side can readily be made. Such grounding means need 
not be provided for duplicate isolating switches, if any, installed and 
maintained by the supply company. 
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Order 13-2391. Lightning Arrester. 
A lightning arrester complying with the requirements of Section 

13-280 shall be placed on each ungrounded overhead service con
ductor on the supply side of the service equipment, if called for by 
the authority enforcing this code. 

Order 13-2392. Equipment in Secondaries. 
If the primary service equipment supplies one or more transformers 

whose secondary windings feed a single set of mains, and the primary 
circuit-breaker is manually operable from a point outside the trans
former vault or accessible to qualified persons only, the disconnecting 
means and overcurrent protection may be omitted from the secondary 
circuit, provided the setting of the primary circuit-breaker is such 
as to protect the secondary "circuit. If not manually operable from 
outside the vault, means shall be provided to trip the breaker from 
outside the vault. In all other cases the secondary circuit shall be 
provided with a disconnecting means and overcurrent protection as 
required by various paragraphs of this section. 

"Manually operable" calls for a mechanical. rather than only electrical, 
linkage between the circuit-brealrer and the point of operation, and 
refers to both the opening and closing operations. 

SECTION 13-240 OVERCURRENT PROTECTION 

INSTALLATION 

Order 13-2401. General Requirement. 

Overcurrent protection for conductors is provided for the purpose 
of opening the electric circuit if the current reaches a value which 
will cause an excessive or dangerous temperature in the conductor 
or conductor insulation. A grounded conductor is considered to be 
protected from overcurrent if a protective device of. a suitable rating 
or setting is provided in each ungrounded conductor of the same 
circuit. 

Order 13-2402. Overcurrent Protection of Equipment. 
Equipment shall be protected against overcurrent as specified in the 

references in the following table: 
Branch CircuitR __________________________________________ Sectlon 13-210 
Capacitors _______________ ~_ .. ______________ Orders 13-4607B and 13-4608 
Cranes and Hoists __________________________ Orders 13-6141 and 13-6142 
Generators ______________________________________________ Order 13-4454 
Motors __________________________________________ -' _______ Section 13-430 
Over 600 Volts ____________________ Orders 13-7141, 13-7142 and 13-7143 
Pane I boards _____________________________________________ Order 13-3882 
ServicE'S _____________________________________ 01'ders 13-2371 to 13-2375 
Remote-Control, Low Energy and Signal Circuits ________ Sectlon 13-725 
Signs and Outline Lighting ______________________________ Order 13-6006 
Sound Equipment _______________________________________ Order 13-6406 
Transformers ___________________________________________ Sectlon 13-450 

Induction and Dielectric Heat Generating Equipment ____ Order 13-6654 
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Order 13-2403. Overcul'l'ent Protectioll of Conductors. 
Donductors shall be protected in accordance with their current

carrying capacities, as given in Tables 1 and 2, Chapter 10, except 
as follows: 

A. Fuses. If the allowable current-carrying capacity of a conductor 
does not correspond to the rating of a standard-size fuse, the next 
larger size or rating of fuse may be used but in no case shall the 
size or rating of the fuse exceed 150 per cent of the allowable current
carrying capacity of the conductor. Plug fuses and fuseholders shall 
not be used in circuits exceeding 125 volts between conductors, except 
circuits of a system having a grounded neutral and no conductor at 
more than 150 volts to ground. Plug fuses installed in residential 
occupancies should be of the time-delay type. The screw shell of plug 
type fuseholders shall be connected to the load side of the circuit. 

B. Non-Adjustable-Trip Circuit-B?·eakers. Non-adjustable-trip cir
cuit-breakers, except as otherwise permitted in sub-paragraph 9 of 
Tables 1 and 2 of Chapter 10, shall be rated in accordance with the 
current-carrying capacity of the conductor. Circuit-breakers of the 0 
to 30 ampere class should be of the time-delay type. 

C. Adjustable-Trip Circuit-B?·eakers. Adjustable-trip circuit-break
ers of the thermal trip, magnetic time-delay trip or instantaneous
trip types shall be set to operate at not more than 150 per cent of the 
allowable current-carrying capacity of the conductor. 

The effect of the temperature on the operation of thermally-controlled 
circuit-breakers should be taken Into consideration in the application 
of such circuit-breakers when they are subjected to extremely low or 
extremely high temperatures. 

D. Fixture Wires and Cords. Fixture wire 01' flexible cord, sizes 
No. 16 or No. 18, and tinsel cord shall be considered as protected by 
20-ampere overcurrent devices, except as provided in Order 13-6251. 
Flexible cords approved for use with specific appliances, shall be con
sidered as protected by the overcurrent devices of the branch circuits 
of Section 13-210 when conforming to the following: 20-ampere cir
cuits, No. 18 and larger; 30-ampere ci:r;cuits, 10 amperes or over 
capacity. Fixture wires of the sizes permitted for taps in paragraph 
C-2 of Order 13-2121 shall be considered as protected by the over
current protection of the 20-ampere, 30-ampere and 50-ampere branch 
circuits of Section 13-210. 

E. Motor Circuits. The conductors supplying motors and motor
operated appliances shall be considered as protected by the ovel'
current protective devices specified in Orders 13-4322, 13-4324, and 
13-4342. 

F. Branch Circuits. Taps to individual outlets and circuit conduc
tors supplying a single household electric range shall be considered 
as protected by the branch circuit overcurrent devices when in 
accordance with the requirements of Orders 13-2121 and 13-2122. 

G. Remote Control. Except as provided in Section 13-725, the con
ductors of the control circuits of remote-control-switches shall be 
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considered as protected from overcurrent by overcurrent devices that 
are not of the so~called time-lag type and are rated or set at not 
more than 500 per cent of the carrying capacity of the remote-control 
conductors, as specified in Tables 1 and 2 of Chapter 10. 

H. Taps. A conductor tapped from a feeder shall be considered as 
properly protected from overcurrent if installed in accordance with 
Orders 13-2434, 13-3647, and 13-4348. 

Order 13-2404. Thermal Devices. 
Thermal cutouts, thermal relays and other'devices not designed to 

open short-circuits, shall not be used for protection of conductors 
against overcurrent due to short-circuits 01' grounds but may be used 
to protect motor branch circuit conductors from overload if protected 
in accordance with Order 13-4330. 

Order 13-2405. Ungrounded Conductors. 
An overcurrent device (fuse or overcurrent trip unit of a circuit

breaker) shall be placed in each ungrounded conductor. Circuit
breakers shall open all ungrounded conductors of the circuit. The 
number and position of the overcurrent units such as trip coils or 
relays shall be as given in Tab.Ie 28, Chapter 10. Individual single-pole 
circuit-breakers may be used for the protection of each conductor of 
ungrounded 2-wire circuits, each ungrounded conductor of 3-wire 
direct-current or single-phase circuits, or for each ungrounded con
ductor of lighting or appliance branch circuits connected to 4-wire 
three-phase systems, or 5-wire 2-phase systems, provided such light
ing or appliance circuits include a grounded conductor. 

Order 13-2406. Services. 
For services the number of overcurrent units shall be as specified 

in Order 13-2371. 

Order .t3-2407. Motors. 
For motor-running protection the number of overcurrent units shall 

be as specified in Orders 13-4326, 13-4327 and 13-4328. 

Order 13-2408. Feeders at Supply Stations. 
Each conductor of a constant potential circuit entering 01' leaving 

a supply station, except grounded neutral conductors, shall be pro
tected from excessive current by a circuit-breaker, or by an equivalent 
device of approved design. Such protective devices shall be located 
as near as practicable to the point where the conductors enter or 
leave the building. For the outgoing circuits not connected with other 
sources of power, the protective devices may be placed on the supply 
side of transformers 01' similar devices. 

Order 13-2409. Grounded Conductor. 
No overcurrent device shall be placed in any permanently grounded 

conductor, except as follows: 
A. Simultaneous Opening. If the overcurrent device simultane

ously opens all conductors of the circuit. 
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B. Conductors of Branch Circuits. In locations where the con
ditions of grounding, or the likelihood of reversal of connection war
rants, the authority enforcing this code may require, on systems 
having a grounded neutral 01' having one side grounded, that the con
ductors of 2-wire branch circuits shall have an overcurrent device in 
each conductor. 

C. For motor-running protection as provided in Orders 13-4326 
and 13-4327. 

Order 13-2410. Change in Size of Grounded Conductor. 
Where a change occurs in the size of the ungrounded conductor, 

a similar change may be made in the size of the grounded conductor. 

Order 13-241.1. Fuses in Multiple. 
For the protection of conductors, except the conductors of motor 

branch circuits, having allowable carrying capacities exceeding the 
rated capacity of the largest approved cartridge type fuse, cartridge 
fuses arranged in multiple may be used, provided as few fuses as 
possible are used and the fuses are of the same type, characteristics, 
and rating, and provided the fuseholder terminals are mounted on a 
single continuous pail' of bus bars, 01' have an equivalent arrangement 
that will eliminate any potential difference between the terminals of 
the fuses. 

LOCATION 

Order 13-2434. Location in Circuit. 
OvercUl'rent devices shall be located at the point where the conduc

tor to be protected receives its supply, except as follows: 
A. Service Conductors .. An overcurrent protective device for a 

service conductor may be located as specified in Order 13-2372. 
B. Smaller Conductor Protected. If the overcurrent device pro

tecting the larger conductor also protects the smaller conductor in 
accordance with Tables 1 and 2 of Chapter 10. 

C. Taps Not Over 5 Feet Long. If (1) the smaller conductors 
have a current-carrying capacity of not less than the sum of the 
allowable current-carrying capacities for the conductors of the one 
or more circuits or loads supplied, (2) the tap is not over 5 feet 
long and does not extend beyond the switchboard, panelboard, 01' 

control devices which it supplies, and (3) except at the point of con
nection to open wires on insulators, is enclosed in conduit, electrical 
metallic tubing, or in metal gutters when not a part of the switch
board 01' panelboard. 

D. Taps Not Over 25 Feet Long. If the smaller conductors have 
a current-carrying capacity at least one-third that of the conductor 
from which they are supplied, and provided the tap is suitably pro
tected from mechanical injury, is not over 25 feet long, (where feeders 
are at a greater elevation, this distance may be increased to 50 feet) 
and terminate in a single circuit-breaker 01' set of fuses which will 
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limit the load on the tap to that allowed by Tables 1 and 2, Chapter 10. 
Beyond this point the conductors may supply any number of circuit
breakers or sets of fuses. 

Order 13-2435. ,Location in Premises. 
Overcurrent devices shall be located where they will be: 

A. Readily accessible, except as provided in Order 13-2372 for 
service equipment and Order 13-3650 for busways. 

B. Not exposed to mechanical injury. 
C. Not in the vicinity of easily ignitible material. 

ENCLOSURES 
Order 13-2436. General. 

Overcurrent devices shall be enclosed in cutout boxes or cabinets, 
unless a part of a specialty approved assembly which affords equiva
lent protection, or unless mounted on switchboards, panelboards or 
controllers located in rooms or enclosures free from easily ignitible 
material and dampness. The operating handle of a circuit-breaker may 
be accessible without opening a door or cover. 

Order 13-2437. Damp 01' Wet Locations .. 

Enclosures for overcurrent devices in damp or wet locations shall be 
of a type approved for such locations and shall be mounted so there 
is at least one-half. inch air space between the enclosure and the 
supporting surface. 

Order 13-2438. Vertical Position. 
Enclosures for overcurrent devices shall be mounted in a vertical 

position unless in individual instances this is shown to be impracticable. 

Order 13-2439. Rosettes. 

Fuses shall not be mounted in rosettes. 

Order 13-2440. Disconnection of Fuses and Thermal Cutouts Before 
. Handling. 

Disconnecting means shall be provided on the supply side of all 
fuses or thermal cutouts in circuits of more than 150 volts to ground 
and cartridge fuses in circuits of any voltage, if accessible to other 
than qualified persons, so that each individual circuit containing 
fuses or thermal cutouts can be independently disconnected from the 
source of electrical energy, except as provided in Order 13-2352 and 
except that a single disconnecting means may be used to control a 
group of circuits each protected by fuses or thermal cutouts undeJ 
the conditions described in Order 13-4410. 

Order 13-2441. Arcing 01' Suddenly-Moving Parts. 
Arcing or suddenly-moving parts shall comply with the following: 
A. Location. Fuses and circuit-breakers shall be so located 01' 

shielded that persons will not be burned 01' otherwise injured by theh 
operation. . 
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B. Suddenly-Moving Pwrts. Handles or levers of circuit-breakers, 
and similar parts which may move suddenly in such a way that per
sons in the vicinity are liable to be injured by being struck by them, 
shall be guarded or isolated. 

CONSTRUCTION OF OVER CURRENT DEVICES 

Order 13-2451. Plug Fuses of the Edison-Base Type . 
. Plug fuses of the Edison-base type shall conform to the following: 

A. Classification. Plug fuses of this type shall be classified at not 
over 125 volts, 0 to 30 amperes. 

B. Mwrking. Plug fuses of 15 amperes rating or less shall be dis
tinguished from those of larger rating by an hexagonal opening in the 
cap through which the mica or similar window shows, or by some 
other prominent hexagonal feature such as the form of the top or cap 
itself, 01' an hexagonal recess or projection in the top 01' cap. 

Order 13-2452. Holders for Plug Fuses. 
Holders for plug fuses of 30 amperes or less shall not be installed 

unless they comply with Order 13-2453 or are made to comply with 
Order 13-2453 by the insertion of an adapter. 

Order 13-2453. Plug Fuses and Fuseholders of Type S. 
Where Type S plug fuses are to be used as the overcurrent device 

required by this code, the fuses and fuseholders shall conform to the 
following requirements: 

A. Classification. Plug fuses and fuseholders of Type S shall be 
classified at not over 125 volts; 0 to 15 amperes, 16 to 30 amperes. 

B. Fuses Usable Only in Fuseholde1's of the Same Classification. 
Fuses of the 16 to 30 ampere classification shall not be usable with 
fuseholders or adapters of the 0 to 15 ampere classification. 

C. Fuseholders and Adapte1·s. Fuses, fuseholders, and adapters shall 
be so designed that a fuse other than a Type S fuse cannot be used 
in a f).lseholder or adapter designed for Type S fuses. 

D. Tamperability. Fuses, fuseholders and adapters shall be so de
signed as to be subject to tampering or bridging only with difficulty. 

E. Live Parts. Fuses and fuseholders when installed and assembled 
together shall have no live parts exposed. 

F. Adapters to be Non-Removable. Fuse adapters shall be so de
signed that when once inserted in a fuseholder they cannot be 
removed. 

G. Interchangeability. Fuses, fuseholders and adapters of various 
manufacturers should be interchangeable with each other, and the 
plugs with adapters shall be suitable for use in the Edison-base type 
fuseholder. 

H. Plug Type. Fuses and fuseholders shall be of the plug type. 
I. AmpM'e Rating. Each fuse, fuseholder and adapter shall be 

marked with its ampere rating. 
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J. MMldng. Fuses of the 0 to 15 ampere l'ating shall be distin
guished .from those of larger rating by an hexagonal opening in the 
cap through which the mica or 'similar window shows, or some other 
prominent hexagonal feature such as the form of the top or cap itself, 
or an hexagonal recess or projection in the top or cap. 

Order 13-2461. Cartridge Fuses and Fuseholders. 
Cartridge fuses and fuseholders shall conform to the following: 
A. Classification. Cartridge fuses and fuseholders shall be classified 

as regards current and voltage as follows: 

Not Over 250 Volts 
Amperes 

0- 30 
81- 60 
61-100 

Not Over 600 Volts 
Amperes 

0- 30 
31- 60 
61-100 

Not Over 250 Volts 
Amperes 
101-200 
201-400 
401-600 

Not Over 600 Volta 
Amperea 
101-200 
201-400 
401-600 

B. Non-Inte1'changeable. Cartridge fuses and fuseholders shall be 
so designed that it will be impossible to put a fuse of any given class 
into a fuseholder which is designed for a current lower, or voltage 
higher, than that of the class to which it belongs. 

C. Ma~'king. Each fuse shall be marked with its ampel'e and voltage 
ratings. 

Order 13-2471. Link Fuses and Fuseholders. 
Link fuses shall be mounted on approved fuseholders. 
A. Minimum Rating. Link fuses and fuseholders shall be used only 

in sizes rated at more than 600 amperes, and only by special 
permission. 

Order 13-2481. Circuit-Breakers. 
Circuit-breakers shall conform to the following: 
A. Method of Operation. In general, circuit-breakers shall be 

capable of being closed and opened by hand without employing any 
other source of power, although normal operation may be by other 
power such as electrical, pneumatic, and the like. Large circuit-break
ers which are to be closed and opened by electrical, pneumatic, 01' 

other power shall be capable of being closed by hand for maintenance 
purposes and shall also be capable of being tripped by hand under 
load without the use of power. 

B. Injury to Ope1'at01'. Circuit-breakers shall be arranged and 
mounted so that their operation is not likely to injure the operator. 

C. Indication. Circuit-breakers shall indicate whether they are in 
the open or closed position. 

D. Non-Tampe1'able. An ail' circuit-breaker, used for the branch 
circuits described in Section 13-210, shall be of such design that any 
alteration of its trip point (calibration), or in the time required for 
its operation, will be difficult. 

E. MMking. Circuit-breakers shall be marked with their rating in 
8uch a manner that the marking will be visible after installation. 
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SECTION 13-250. GROUNDING 

Order 13-2501. Scope. 
This section treats of protection of electric installations by ground

ing. Insulation, isolation, and guarding are suitable alternatives under 
certain conditions. 

SYSTEMS AND CIRCUITS 

Order 13-251.1. Circuits. 
Circuits are grounded for the purpose of limiting the voltage upon 

the circuit which might otherwise occur through exposure to lightning 
or other voltages higher than that for which the circuit is designed; 
or to limit the maximum potential to ground due to normal voltage. 

For instrument transformer grounding, see Order 13-2621. 

Order 13-2512. Two-Wire Direct-Current Systems. 
Two-wire direct-current systems supplying interior wIrmg, and 

operating at not more than 300 volts between conductors, shall be 
grounded, unless such system is used for supplying industrial equip
ment in limited areas and the circuit is equipped with a ground 
detector. 

It is recommended that 2-wlre direct-current syste~s operating at 
more'than 300 volts between conductors be grounded if a neutral point 
can be established such that the maximum difference of potential between 
the neutral point and any other point on the system does not exceed 
300 volts. It is recommended that 2-wire direct-current systems be not 
grounded If the voltage to ground of either conductor would exceed 
300 volts after grounding. See Order 13-2522. 

Order 13-2513. Three-Wire Direct-Current Systems. 
The neutral conductor of all 3-wire direct-current systems supplying 

interior wiring shall be grounded. See Order 13-2522. 

Order 13-2514. Alternating-Current Systems. 
Secondary alternating-current systems supplying interior wIrmg, 

and interior alternating-current wiring systems, shall be grounded if 
they can be so grounded that the maximum voltage to ground does 
not exceed 300 volts. 

Higher voltage circuits may be grounded. 

Order 13-2515. Furnace Circuits. 
Electric furnace circuits need not be grounded. 

Order 13-2516. Electric Crane Circuits. 
Circuits for electric cranes operating over combustible fibers in 

Class III hazardous locations shall not be grounded. See Order 
1B-508B, 
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Order 13-2517. Circuits of Less Than 50 Volts. 
Circuits of less than 50 volts beed not be grounded, except as 

follows: 
A. If suppliecr by transformers from systems of more than 150 

volts to ground, except as provided in paragraph C of Order 13-2545; 
B. If supplied by transformers from ungrounded systems; 
C. If run overhead outside of buildings. 

LOCATION OF GROUNDING CONNECTIONS 

Order 13-2521. Current Over Grounding Conductors. 
The grounding of wiring systems, circuits, equipment, arresters, 

cable armour, conduit, or other metal raceways as a protective meas
ure shall m, so arranged that there will be no objectionable passage 
of current over the grounding conductors. The temporary currents set 
up under accidental conditions, while the grounding conductors are 
performing their intended protective functions, are not to be con
sidered as objectionable. If an objectionable flow of current occurs 
over a grounding conductor, due to the use of multiple grounds, (1) 
one or more of such grounds shall be abandoned, or (2) their location 
shall be changed, or (3) the continuity of the conductor between the 
grounding connections shall be suitably interrupted, or (4) other 
means satisfactory to the authority enforcing this code shall be taken 
to limit the current. 

Order ,13-2522. Grounding Connection for Direct-Current Systems. 
Direct-current s"ystems which are to be grounded shall have the 

grounding connection made at one or more supply stations but not at 
individual services nor elsewhere on interior wiring. 

Order 13-2523. Grounding Connection for Alternating-Current Systems. 

Secondary alternating-current circuits which are to be grounded 
shall have a connection to a grounding electrode at each individual 
service, except as provided for in Order 13-2521. The connection shall 
be made on -the supply side of the service disconnecting means. Each 
secondary distribution system which is grounded shall have at least 
one additional connection to a grounding electrode at the transformer 
or elsewhere. No connection to a grounding electrode shall be made 
to the grounded circuit conductor on the load side of the service dis
connecting means, except as provided for in Order 13-2524. 

Order 13-2524. Two or" More Buildings Served by a Single Service. 
If more than one building is served by the same service, the 

grounded circuit conductor of the wiring system of any building util
izing one branch circuit supplied from such service may be connected 
to a grounding electrode at such building, and in the case of any build
ing utilizing two or more branch circuits supplied from such service, 
and in the case of a building housing live stock, shall be so connected. 
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When a metal raceway system is used in any such building supplied 
from a single service and this metal raceway or any connected non
current carrying metal part· is accessible from any grounded surface, 
the metal raceway system and the neutral conductor shall be bonded 
together and connected to an approved ground electrode at the 
entrance to the building. 

Order 13-2525. Conductor to be Grounded. 
I 

For alternating-current interior wiring systel!ls the conductor to 
be grounded shall be as follows: 

A. Single-phase, 2-wire: the identified conductor; 
B. Single-phase, 3-wire: the identified neutral conductor; 
C. Multi-phase systems having one wire common to all phases: 

the identified common conductor; 
D. Multi-phase systems having one p~ase grounded: the identi

fi d conductor; 
E. Multi-phase systems in which one phase is used as in (B): 

tl.e identified neutral conductor. One phase only can be grounded. 

The identified conductor Is commonly l<nown as "the white wire," 

Order 13-2526. Isolated Systems. 
For an interior wiring system or circuit which is required to be 

grounded and which is not connected to an exterior secondary distribu
tion system, the grounding connection shall be made at the trans
former, generator, or other soUrce of supply, or at the switchboard, 
on the supply side of the first switch controlling the system. 

CONDUCTOR ENCLOSURES 

Order 13-2531. Exposed Metal. 

Exposed conductive materials enclosing electric conductors are 
grounded for the purpose of preventing a potential above gromi.d on 
the enclosures. 

Order 13-2532. Service Conduc.tor Enclosures. 
Service raceways, service cable sheaths or armoring; if of metal, 

shall be grounded. 

Order 13-2533. Other Conductor Enclosures. 

Metal enclosures for conductors shall be grounded, except in runs of 
less than 25 feet which are free from probable contact with ground or 
grounded metal and which,' if within reach· from grounded surfaces, 
are guarded against contact by persons. 

Order 13-2534. Spacing from Lightning Rods. 

Metal enclosures of conductors shall, wherever practicable, be kept 
at least 6 feet away from lightning rod conductors. Where it is not 
practicable to secure 6 feet separation, they shall be bonded together. 
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EQUIPMENT 

Order 13-2541. Exposed Metal. 
Exposed conductive materials enclosing electric equipment, or form

ing a part of such equipment, are grounded for the purpose of 
preventing a potential above ground on the equipment. 

Order 13-2542. Fixed Equipment. 
GenM·al. Under any of the following conditions, exposed, non-cur

rent-carrying metal parts of fixed equipment, which are liable to 
become energized, shall be grounded: 

A. If equipment is supplied by means of metal-clad wiring; 
B. If equipment is located in a wet location and is not isolated; 
C. If equipment is located within reach of a person who can 

make contact with any grounded surface or object; 

D. If equipment is located within reach of a person standing on 
the ground; 

E. If equipment is in a hazardous lo~ation; see Section 13-500; 
F. If equipment is in electrical contact with metal or metal lath; 
G. If equipment operates with any terminal at more than 150 

volts to ground, except as follows: 
1. Enclosures for switches or circuit-breakers where accessible 

to qualified persons only; 
2. Metal frames of electrically-heated devices, exempted by 

special permission, in which case the frames shall be permanently 
and effectively insulated from ground; 

3. Transformers mounted on wooden poles at a height of more 
than 8 feet from the ground. See Order 1033-B, Volume 1. 

Order 13-2543. Fixed Equipment.-Specific 
Specific. Exposed, non-current-carrying metal parts of the following 

kinds of equipment, regardless of voltage, shall be grounded: 
A. Frames of motors as specified in Order 13-4436; 
B. Controller cases for motors, except lined covers of snap 

switches; 
C. Electric equipment of elevators and cranes; 

D. Electric equipment in garages, theatres and motion picture 
studios, except pendent lamps on circuits of not more than 150 volts 
to ground; 

E. Motion picture projection equipment; 
F. Electric signs and associated equipment, unless these are in

accessible to unauthorized persons and are also insulated from ground 
and from other conductive objects; 

G. Generator and motor frames in an electrically operated organ, 
unless the generator is effectively insulated both from· ground and 
from the motor driving it; 
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H. Switchboard frames and structures supporting switching 
equipment, except that frames of direct-current, single-polarity 
switchboards need not be grounded if effectively insulated; 

I. X-ray tubes used in therapy. For exceptions see Order 13-6633. 

For instruments, meters and relays, see Orders 13-2622 to 13-2624. 

Order 13-2544. Non-Electrical Equipment. 
The following metal parts shall be grounded: 

A. Frames and tracks of electrically operated cranes; 
B. The metal frame of a non-electrically driven elevator car to 

which electric conductors are attached; 
C. Hand-operated metal shifting ropes 01' cables of electric ele

vators; 
D. Metal enclosures such as partitions, grill work, etc., around 

equipment carrying voltages in excess of 750 volts between conductors, 
unless in SUbstations or vaults under the sole control of the supply 
company. 

Order 13-254!5. Portable Equipment. 
Under any of the following conditions, exposed non-current-carrying 

metal parts of portable equipment shall be grounded: 
A. In hazardous locations; 
B. If operated at more than 150 volts to ground, except: 

1. Motors, if guarded; 
2. Metal frames of electrically-heated appliances exempted by 

Order 13-4238; 

3. Enclosures for X-ray tubes used in therapy exempted by 
Order 13-6633. 

C. In other than residential occupancies, exposed metal parts of 
portable appliances used in damp or wet locations, or by persons 
standing on the ground or on metal floors or working inside of metal 
tanks or boilers, shall be grounded, except where supplied through 
an insulating transformer with ungrounded secondary of not over 50 
volts. 

This paragraph shall not be construed to prohibit the use of an 
insulating transformer with a secondary voltage greater than 50 volts, 
if the exposed metal parts of the appliance connected to such a trans
former are grounded, and provided other conditions of this section are 
fulfilled. 

It is recommended that the non-CUlTent carrying metal parts of all 
portable motors and other electrically operated equipment which operate 
at more than 50 volts and less than 150 volts to ground be grounded. 

Order 13-2546. Spacing from Lightning Rods. 

Metal frames and cases of electric equipment shall, wherever prac
ticable, be kept at least 6 feet away from lightning rod conductors. 
Where it is not practicable to secure 6 feet separation, they shall be 
bonded together. 
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METHODS OF GROUNDING 

Order 13-2551. Effective Grounding. 
The path to ground from circuits, equipment, or conductor en

closures shall be permanent and continuous and shall have ample 
carrying capacity to conduct safely any currents liable to be imposed 
on it, and shall have impedance sufficiently low to limit the potential 
above ground, and to facilitate the operation of the overcurrent 
devices in the circuit. 

Order 13-2552. Grounding Conductor to Circuit. 
The grounding conductor may be connected to the grounded circuit 

conductor at any convenient point on the premises on the supply side 
of the service disconnecting means. 

Order 13-2553. Common Grounding Conductor. 
The grounding conductor for circuits may also be used for ground

ing equipment, conduit and other metal raceways or enclosures for 
conductors, including service conduit or cable sheath and service 
equipment . 

. Order. 13-2554. Common Grounding Electrode. 
Where the alternating-current system is connected to a grounding 

electrode in or at a building as specified in Orders 13-2523 ,~.nd 13-
2524, the same electrode shall be used to' ground wire enclosures and 
equipment in or on that building. 

Order 13-2555. Underground Service. 
Where served from a continuous underground metal-sheathed cable 

system, the sheath or armor of underground service cable metallically 
connected to the underground system, or underground service conduit 
containing a metal sheath cable bonded to the underground system, 
need not be grounded at the building and may be insulated from the 
interior conduit or piping. 

Order 13-2556. Short Sections of Raceway. 
Isolated sections of metal raceway 01' cable armor, if required to be 

grounded, shltll preferably be grounded by connecting to other 
grounded raceway or armor, but may be grounded in accordance with 
Order 13-2557. 

Order 13-2557. Fixed Equipment. 
Metal boxes, cabinets and fittings, or non-current-carrying metal 

parts of other fixed equipment, if metallically connected to grounded 
cable armor or metal raceway, are considered to be grounded by such 
connection. If not so connected they may be grounded in one of the 
following ways: 

A. By a grounding conductor run with circuit conductors; this 
conductor may be uninsulated, but if it is provided with an individual 
covering and is part of a cable, the covering shall be finished to show 
a green color; 
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B. By a separate grounding conductor installed the same as a 
grounding conductor for conduit and the like; 

C. By special permission, other means for grounding fixed equip
ment may be used. 

Order 13-2558. Equipment on Structural Metal. 
Electrical equipment secured to and in contact with the grounded 

structural metal frame of a building, shall be deemed to be grounded. 
Metal car frames supported by metal hoisting cables attached to or 
running over sheaves or drums of elevator machines shall be deemed 
to be grounded if the machine is grounded in accordance with this 
code. 

Order 13-2559. Portable Equipment. 
N on-current-carrying metal parts of portable equipment may be 

grounded in anyone of the following ways: 
A. By means of the metal enclosure of the conductors feeding 

such equipment, provided an approved multi-prong plug or equivalent 
is used, one prong for the purpose of grounding the metal enclosure, 
and provided, further, that the metal enclosure is attached to the plug 
and to the equipment by connectors approved for the purpose; 

B. By means of a grounding conductor run with the circuit con
ductors in cable assemblies or flexible cords, provided an approved. 
multi-prong plug or equivalent is used, one prong for the purpose of 
connecting such grounding conductor to the grounded metal raceway 
or cable armor; this conductor may be uninsulated but if an individual 
covering is provided for this conductor, it shall be finished to show 
a green color; 

C. By means of a separate flexible wire or strap, insulated or 
bare, protected as well as practicable against mechanical injury. 

Order 13-2560. Frames of Electric Ranges. 
Frames of electric ranges shall be grounded by any of the means 

provided for. in Orders 13-2557 and 13-2559, or they may be grounded 
by connection to the grounded circuit conductors. 

Order 13-2561. Grounding Equipment to Circuit Conductor. 
The grounded service conductor on the supply side of the service 

disconnecting means may be used for grounding meter housing and 
service equipment. The grounded circuit conductor on the load side 
of the service disconnecting means shall not be used for grounding 
equipment, cable armor, or metal raceways except as provided in para
graph C of Order 13-2557 and in Order 13-2560. 

BONDING 

Order 13-2571. Bonding at Service Equipment. 
Where the supply is from an overhead distribution system the elec

trical continuity of the grounding circuit for the following equipment 
and enclosures shall be assured by one of the means given in Order 
13-2572: 
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A. The service raceways or service cable armor or sheath; 
B. All service equipment enclosures containing service entrance 

conductors, including meter fittings, boxes or the like, interposed in 
the service raceway or armor; 

C. Any conduit or armor which forms part of the grounding con
ductor to the service raceway. 

Order 13-2572. Means of Assuring Continuity. 
Electrical continuity at service equipment shall be assured by one 

of the following means: 
A. Bonding equipment to the grounded service conductor in a 

manner provided in Order 13-2613. 
B. Threaded couplings and threaded bosses on enclosures with 

joints made up tight where rigid conduit is involved. 
C. Threadless couplings made up tight for rigid conduit and 

electrical metallic tubing. 
D. Bonding jumpers meeting the other requirements of this sec

tion. Bonding jumpers shall be used around concentric or eccentric 
knockouts which are punched or otherwise formed so as to impair the 
electrical connection to ground. 

E. Other devices (not locknuts and bushings) approved for the 
purpose. 

Order 13-2573. Metal Armor or Tape of Service Cable. 
With service cable having an uninsulated grounded service con

ductor in continuous electrical contact with its metallic armor or tape, 
the metal covering is considered to be adequately grounded. 

Order 13-2574. Voltages Exceeding 1'50 Volts. 
The electrical continuity of metal raceway or metal sheathed cable 

which contains any conductor of more than 150 volts to ground shall 
be assured by one of the methods specified in Order 13-2572 B, C, D 
and E or by one of the following methods: 

A. Threadless fittings, made up tight, with conduit or armored 
cable; 

B. Two locknuts, one inside and one outside of boxes and cabinets. 

Order 13-2575. Loosely·Jointed Metal Raceways. 
Expansion joints and telescoping sections of raceways shall be made 

electrically continuous by bonding jumpers or other approved means. 
Metal trough raceways used in connection with sound recording and 
reproducing, made up in sections, shall contain a grounding conductor 
to which each section shall be bonded. 

Order 13-2576. Hazardous Locations. 
In hazardous locations, regardless of the voltage involved, the elec

trical continuity of metallic raceway, boxes and the like, shall be 
assured by one of the methods specified in sub-paragraphs B, C, D 
and E of Order la-2572, 



lilLECTRICAL CODE~ORDER 13-2583 73 

Order 13-2577. Bonding Jumpers. 
Bonding jumpers shall conform to the foHowing: 

A. Material and Size. Bonding jumpers shall be of copper 01' 

other corrosion-resistant material and shall be of sufficient size to 
have current-carrying capacity not less than is required for the cor
responding grounding conductor; 

B. Attachment. Bonding jumpers shall be attached to cabinets 
and the like in a manner provided in Order 13-2613; where used be
tween grounding electrodes or around water meters and the like, 
they shall be attached in a manner provided for in Order 13-2614. 

GROUNDING ELECTRODES 

Order 13-2581. Water Pipe. 
A metallic underground water piping system, either local or supply

ing a community, shall always be used as the grounding electrode 
where such a piping system is available. If the buried portion of the 
metallic piping system is less than 50 feet excluding well casings, or 
has a resistance to ground of more than 3 ohms, the piping system 
ground shall be augmented by at least 2 grounding electrodes recog
nized in Order 13-2583 wherever the circuit or non-current carrying 
parts are required to be grounded. 

Order 13-2582. Other Available Electrodes. 
Where a water system as described in Order 13-2581 is not avail

able, the grounding connection may be made to any of the following 
if the resistance to ground is less than 3 ohms or the metal is supple
mented by two electrodes of the type recognized in Order 13-2583: 

A. The metal frame of the building, if effectively grounded; 
B. A continuous m~taIIic underground gas piping system; 
C. Other local metallic underground systems, such as piping, 

tanks, and the like. 

Order 13-2583. Made Electrodes. 
Where electrodes described in Orders 13-2581 and 13-2582 are not 

available, the grounding electrode shall consist of a driven pipe, driven 
rod, buried plate or other device approved for the purpose and con
forming to the following requirements: 

A. Plate Electrodes. Each plate electrode shall present not less than 
2 square feet of surface to exterior soil. Electrodes of iron, or steel 
plates shall be at least 1.4 inch in thickness. Electrodes of non-ferrous 
metal shall be at least 0.06 inch in thickness. 

B. Pipe Electrodes. Electrodes of pipe 01' conduit shall be not smaller 
than of the %,-inch trade size and, if of iron or steel, shaH have the 
outer surface galvanized 01' otherwise metal-coated for corrosion 
protection. 

C; Rod Electrodes. Electrodes of rods of steel or iron shall be at 
least % inch in diameter. Approved rods of non-ferrous materiaJR or 
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their approved equivalent used for electrodes shall be not less than 
% inch in diameter. 

D. Installation. Electrodes should, as far as practicable, be em
bedded below permanent moisture level. Except where rock bottom is 
encountered, pipes or rods shall be driven to a depth of at least 8 feet 
regardless of size or number of electrodes used. Pipes or rods when 
less than standard commercial length shall preferably be of" one 
piece. Such pipes or rods shall have clean metal surfaces and shall not 
be covered with paint, enamel or other poorly conducting materials. 
Where rock bottom is encountered at a depth of less than 4 feet, 
electrodes shall be buried in a horizontal trench, and if pipes or l'ods 
are used as the electrode they shall comply with paragraphs Band C 
of this order and shall not be less than 8 feet in length. Each elec
trode shall be separated at least 6 feet from any other electrode, in· 
cluding those used for signal circuits, radio, lightning rods, or :.111)1 

other purpose. 
Exception: 1. In basements where an 8 foot rod or pipe cannot be 

driven because of the low ceiling height and where the basement fioot' 
level is at least 2 feet below the surrounding outside soil, a rod or pipe 
driven to a depth of 6 feet may be used. 

Order 13-2584. Resistance. 
If the resistance to ground of an underground plpmg or metallic 

system is more than 3 ohms, two made electrodes must be added to 
the grounding electrodes. If a single made electrode does not have a 
resistance to ground of less than 25 ohms, two made electrodes shall 
be installed. The distance between made electrodes shall be at least 
6 feet. 

Order 13-2585. Railway Tracks. 
Rails or other grounded conductors of electric railway circuits shall 

not be used as a" ground for other than railway lightning arresters 
and railway equipment, conduit, armored cable, metal raceway, and 
the' like, if other effective grounds are available; and in no case shall 
such rails or other grounded conductors of railway circuits be used 
for grounding interior wiring systems other than those supplied from 
the l'ailway circuit itself. 

Order 13-2586. Use of Lightning Rods. 
Lightning rod conductors and driven pipes, rods or other made elec

trodes used for grounding lightning rods, shall not be used in lieu 
of the made grounding electrodes required by this section for ground
ing wiring systems and equipment. The foregoing provision shall not 
be taken to forbid the bonding together ~f the sevel'al made electrodes 
that are respectively provided for electric wiring systems and equip
ment, for communication Rystems, and fo[' lightning protection. (See 
Order 13-8041 B-5.) 
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GROUNDING CONDUCTORS 

Order 13-2591. Material. 
The material for the grounding conductors shall be as follows: 

A. FQ1' Syste'm 01' Common Grounding Conductor. The gl'ounding 
conductor of a wiring system shall be of copper 01' other corrosion
resistant material. The conductor may be solid 01' stranded, insulated 
or bare. Except in cases of bus bars, the grounding conductor shall be 
without joint or splice throughout its length. If the grounding con
ductor is not of copper, its electrical resistance per linear foot shall 
not exceed, and its tensile strength shall not be less than that of· the 
allowable copper conductor for such a purpose. 

B. For Conductor Enclosu1'es and Equipment Only. The grounding 
conductor for equipment, and for conduit and other metal raceways or 
enclosures for conductors, may be a conductor of copper or other cor
rosion-resistant material, stranded or solid, insulated or bare, a bus 
bar or other conductor, or a rigid conduit, steel pipe or electrical 
metallic tubing, except that under conditions favorable to corrosion 
the grounding conductor shall be of copper or other corrosion-resistant 
material. 

Order 13-2592. Installation. 
A grounding conductor, No.4 or larger, may be attached to the 

surface on which it is carried without the use of knobs, tubes or 
insulators. It need not have protection unless exposed to severe 
mechanical injury. A No.6 grounding conductor, which is free from 
exposure to mechanical injury, may be run along the surface of the 
building construction without metal cO'Vering or protection, if it. is 
rigidly stapled to the construction; otherwise, it shall be in conduit, 
electrical metallic tubing or cable armor. Grounding conductors 
smaller than No. 6 shall be in conduit, electrical metallic tubing or 
cable armor. Metallic enclosures for grounding conductors shall be 
continuous from the point of attachment to cabinets or equipment to 
the grounding electrode, and shall be securely fastened to the ground 
clamp or fitting, Where rigid metallic conduit or steel pipe is used as 
a grounding conductor, the installation shall comply with the require
ments of Section 13-346; where electrical metallic tUbing is used, the 
installation shall comply with the requirements of Section 13-348. 

Order 13-2593. Direct-Current Circuits. 

The carrying capacity of the grounding conductor for a direct
current supply system or generator shall be not less than that of the 
largest conductor supplied by the system, except where the grounded 
circuit conductor is a neutral derived from a balancer winding or a 
balancer set protected in accordance with requirements of paragraph 
C of Order 13-4454, the size of the grounding conductor shall not be 
less than that of the neutral conductor. The grounding conductor shall 
in no case be smaller than No.8 copper. 
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Order 13-2594. Alternating-Current Circuits and Service Equipment. 
A. Wiring System and Common G1'ounding Conduct01'. The size 

of the grounding conductor for an alternating-current system or for 
a common grounding conductor shall not be less than is given in the 
following table, except that where connected to made electrodes (as 
in Order 13-2583) the conductor need not be larger than No. 6 
copper wire or its equivalent in carrying capacity. 

Size of Largest Service 
Conductor or Equivalent 
for Multiple Conductors 

Size of Copper 
Grounding Conductor 

2 or smaller _____ " ______________________________________________ _ 
1 or 0 _________________________________________________________ _ 
00 or 000 _______________________________________________________ _ 
Over 000 to 350,000 c.m. _________________________________________ _ 
Over 350,000 c.m. to 600,000 c.m. _________________________________ _ 
Over 600,000 c.m. to 1,100,000 c.m. _______________________________ _ 
Over 1,100,000 c.m. __ ., ______________________ , ____________________ _ 

AWG. No. 
8 
6 
4 
2 
o 
00 
000 

B. If the wiring system is not grounded at the premises, the size 
of a grounding conductor for a service raceway, for the metal sheath 
or armor of a service cable, and for service equipment shall be not 
less than is given in the following table, except that where connected 
to made electrodes (as in Order 13-2583) the conductor need not be 
larger than No.6 copper or its equivalent in carrying capapity. 

Size of Grounding Conductor 

Size of Largest Service 
Conductor or Equivalent 
for Multiple Conductors 
2 or smalleL ____________ ' _________________ _ 
lor 0 ____________________________________ _ 
00 or 000 _________________________________ _ 
Over 000 to 350.000 c.m. ___________________ _ 
Over 350,000 c.m. to 600,000, c.m. __________ _ 
Over 600,000 c.m. to 1,100,000 c.m. _________ _ 
Over 1,100,000 c.m. _______________________ _ 

Copper 
Wire 

AWG. No. 
S 
6 
4 
2 
o 
00 
000 

Conduit or 
Pipe 

Trade Size 
(inch) 

1 
1 
1 

~ 
~ 
~ 

Order 13-2595. Interior Raceway and Equipment. 

Electrical 
Metallic 
Tubing 

Trade Size 
(inch) 

1~ 
1~ 
1~ 
2 
2 
2 

The size of the grounding conductor for conduit, cable sheath or 
armor, and other metal raceways or enclosures for conductors, and 
for equipment, shall be not less than given in the following table, 
except that where connected to electrodes as described in Order 
13-2583, the grounding conductor need not be larger than No. 6 copper 
or its equivalent: 

Size of Grounding Conductor 
Rating or SettingfoflAutomatic 

Overcurrent Device in Circuit Ahead of 
Equipment, Conduit, etc., Not Exceeding 

(Amperes) 
20 
30 
40 
60 

100 
200 
400 
600 
800 

1000 
1200 

Copper 
Wires 
No. 

16* 
14 
12 
10 

8 
6 
4 
2 
o 

00 
000 

*Permissible only when part of an approved cable assembly. 

Conduit 
or Pipe 
(Inch) 

1 
1 
1 

~ 
~ 
~ 

Electrica 
Metallic 
Tubing 
(Inch) 

~ 
~ 
1~ 
1~ 
1~ 
2 
2 
2 
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Order 13-2596. Portable and Pendent Equipment. 

For grounding portable or pendent equipment, the conductors of 
which are protected by fuses or circuit-breakers l'ated or set at not 
exceeding 20 amperes, No. 18 copper wire may be used. Conductors 
of Nos. 16 or 18 copper which are used for grounding portable equip
ment shall be part of an approved flexible cord assembly. For ground
ing portable or pendent equipment protected at more than 20 amperes, 
the table in· Order 13-2595 shall be followed. 

Order· 13-2597. Outline Lighting. 

Isolated non-current-carrying metal parts of outline lighting sys
tems may be bonded together by a No. 14 conductor protected from 
mechanical injury, if a conductor complying with Order 13-2595 is 
used to ground the group. 

Order 13-2598. Common Raceway. 

A grounding conductor may be run in the same metal l'aceway with 
other conductors of the system to which it is connected. 

Order 13-2599. Continuity. 

No automatic cutout or switch shall be placed in the grounding 
conductor of an interior wiring system unless the opening of the 
cutout or switch disconnects all sources of energy. 

GROUNDING CONDUCTOR CONNECTIONS 

Order 13-2611. Grounding Conductor to Raceway. 

The point of connection of the grounding conductor to interior metal 
raceways, cable armor and the like shall be as near as practicable to 
the source of supply and shall be so chosen that no raceway or cable 
armor is grounded through a run of smaller size than is called for in 
Order 13-2595. 

Order 13-2612. Grounding Conductor to Electrode. 

The grounding connection to the electrode shall be located as 
follows: 

A. To WatM' Pipes. System or common grounding conductors shall 
be attached to a water piping system on the street side of the water 
meter or on a cold water pipe of adequate current-carrying capacity 
as near as practicable to the water service entrance to the building. 
If the source of the water supply is from a driven well in the base
ment of the premises, the connection shall be made as near as prac
ticable to the well. Where practicable, the point of attachment shall 
be accessible. If the point of attachment is not on the street side of 
the water meter, the water piping system shall be made electrically 
continuous by bonding together all parts between the attachment and 
the street side of the water meter or the pipe entrance which are 
liable to become disconnected, as at meters, valves and service unions. 
Equipment may be grounded to a cold water pipe near the. equipment. 
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B. To Gas Pipes. The point of attachment of a grounding conductor 
to gas piping shall always be on the street side of the gas meter, 
and shall be accessible where practicabl~. 

C. To Othe1' Electrodes. The grounding conductor shall be attached 
to other electrodes permitted in Orders 13-2582 and 13-2583 at a 
point which will assure a permanent ground. Where practicable the 
point of attachment shall be accessible. 

Order 13-2613. Attachment to Circuits and Equipment. 
The grounding conductor, bond, or bonding jumper shall be attached 

to circuits, conduits, cabinets, equipment, and the like, which are to 
be grounded, by means of suitable lugs, pressure connectors, clamps, 
or other approved means except that connections which depend upon 
solder shall not be used. 

Order 13-2614. Attachment to Electrodes. 

The grounding conductor shall be attached to the grounding elec
trode by means of (1) an approved bolted clamp of cast bronze or 
brass or of plain or malleable cast iron, or (2) a pipe fitting, plug, or 
other approved device, screwed into the pipe or into the fitting, or (3) 
other equally substantial approved means. The grounding conductor 
shall be attached to the grounding fitting by means of suitable lugs, 
pressure connectors, clamps, or other approved means, except that 
connections which depend upon solder shall not be used. Not more than 
one conductor shall be connected to the grounding electrode by a 
single clamp or fitting, unless the clamp or fitting is of a type approved 
for such use. . 

Order 13-2615. Ground Clamps. 

For the grounding conductor of a WIrIng system the sheet metal 
strap type of ground clamp is not considered adequate unless it has a 
rigid metal base seated on the water pipe or other electrode and the 
strap is of such material and dimensions that it is not liable to stretch 
during or after installation. 

Ground clamps for use on copper water tubing and copper, brass, or 
lead pipe shauld preferably be of copper, and those for use on gal
vanized or Iron pipe should preferably be of galvanized iron and so 
designed as to avoid mechanical injury to pipe. 

Order 13-2616. Protection of Attachment. 
Ground clamps or other fittings, unless approved for general use 

without protection, shall be protected from ordinary mechanical in
jury (1) by being placed where they are not liable to be damaged or 
(2) by being enclosed in metal, wood, or equivalent protective covering. 

Order 13-2617. Clean Surfaces. 
If a non-conductive protective coating such as paint or enamel, is 

used on the equipment, conduit, couplings or fittings, such coating 
shall be removed from threads and other contact surfaces in order to 
insure a good electrical connection. 
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INSTRUMENT TRANSFORMERS, RELAYS, ETC. 

Order 13-2621. Instrument Transformer Circuits. 
The secondary circuits of current and potential instrument trans

formers shall be grounded if the primary windings are connected to 
circuits of 300 volts or more to ground, and, if on switchboards, shall 
be grounded irrespective of voltage. 

Order 13-'2622. Instrument Transformer Cases. 
Cases or frames of instrument transformers shall be grounded, 

except that cases or frames of current transformers, the primaries 
of which are not over 150 volts to ground and which are used exclu
sively to supply current to meters, need not be grounded. 

Order 13-2623. Cases of Instruments, Meters and Relays. 
Operating Voltage 750 or Less. Instruments, meters and relays 

which operate with windings or working parts at 750 volts or less 
shall be grounded as follows: . 

A. Not on Switchboards. Instruments, meters, and relays not lo
cated on switchboards, which operate with windings or working parts 
at 300 volts or more to ground, and accessible to other than qualified 
persons, shall have the cases and other exposed metal parts grounded; 

B. On Dead Front Switchboa1·ds. Instruments, meters and relays 
(whether operated from current and potential transformers, or con
nected directly in the circuit) on switchboards having no live parts on 
the front of the panels shall have the cases grounded; 

C. On Live F1'ont Switchboards. Instruments, meters and relays 
(whether operated from current and potential transformers, or con
nected directly in the circuit) on switchboards having exposed live 
parts on the front of pane1s shall not have their cases grounded. Mats 
of insulating rubber, or other suitable floor insulation, shall be pro
vided for the operator if the voltage to ground exceeds 150. 

Order 13-2624. Cases of Instruments, Meters and Relays. 
Opernting Voltnge Over 750. Where instruments, meters and relays 

have current-carrying parts over 750 volts to ground, they shall be 
isolated by elevation or protected by suitable barriers, grounded metal 
or insulating' covers or guards. Their cases shall not be grounded, 
except as follows: 

A. In electrostatic ground detectors the internal ground segments 
of the instrument are connected to the instrument case and grounded; 
the ground detector shall be isolated by elevation. 

Order 13-2625. Instrument Grounding Conductor. 
The grounding conductor for secondary circuits of instrument trans

formers and for instrument cases shall not be smaller than No. 12, 
if of copper, or, if of other metal, shall have equal conductance. 
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LIGHTNING ARRESTERS 

Order 13-2631. On Secondary Services, 750 Volts or Less. 
Where a lightning arrester is installed on a secondary service, the 

connections to the service conductors and to grounding conductor shall 
be as short as practicable. The grounding conductor may be (1) the 
grounded service conductor, or (2) the common grounding conductor, 
or (3) the service equipment grounding conductor, or (4) a separate 
grounding conductor. The bonding or grounding conductor shall be of 
copper not smaller than No. 14 or of equivalent corrosion-resistant 
material. 

Order 13-2632. On Primary Circuits. 
The grounding conductor of a lightning arrester protecting a trans

former which supplies a secondary distribution system may be inter
connected solidly or through a gap with the grounded conductor of 
such transformer, provided that in addition to the direct grounding 
connection at the arrester either: 

1. The secondary has elsewhere 2 grounding connections at least 
20 feet apart to extended underground water piping systems or to 
artificial grounds complying with Order 1038. One or both of these 
connections may be at customers' entrances. 

2. The secondary neutral is common with the primary neutral and 
is grounded in the manner indicated in Order 1031, B, 5. 

Note: See definition of lightning arrester Order 1020. 

SECTION 13-280. LIGHTNING ARRESTERS 
INDUSTRIAL STATIONS 

Order 13-2801. Where Required. 
Lightning arresters shall be provided in industrial stations in loca

tions where thunder storms are frequent and adequate protection 
against lightning is not otherwise provided. 

For lightning arresters in hazardous locations, see Section 13-500. 

Order 13-2802. Number Required. 
A lightning arrester shall be connected to each ungrounded overhead 

conductor entering or leaving the station, except that where there is 
more than one circuit, a single set of arresters may be installed on 
the station bus if means are provided to protect circuits that may 
remain disconnected from the bus. 

Order 13-2803. Where Connected. 
The arrester shall be connected, on the line side of all connected 

station apparatus. 

OTHER OCCUPANCIES 

Order 13-2811. Utilization Equipment. 
Lightning arresters installed for the protection of utilization equip

ment may be installed either inside or outside the building or enclosure 
containing the equipment to be protected. Arresters, unless isolated by 
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elevation or made otherwise inaccessible to unqualified persons, shall 
be enclosed, and if the operating voltage of the circuit exceeds 750 
volts between conductors they shall be inaccessible to unqualified 
persons. 

GENERAL 
Order 13-2821. Location. 

Indoors. Arresters installed indoors shall be located well away from 
other equipment, passageways and combustible parts of buildings, and 
if containing oil shall be separated from .other equipment by walls 
meeting the requirements of Order 13-4542. 

Order 13-2822. Location. 
Outdoors. If arresters containing oil are located outdoors, provision 

shall be made to drain away any accumulation of oil. 

Oil may be drained away by ditches and drains or the oil may be 
absorbed and danger of spreading removed by paving the yard with 
cinders or other absorbent material to a depth of several Inches. 

Order 13-2823. Connections. 
The connections between the arrester and the line wire or bus, and 

between arrester and ground shall be of copper wire or cable or the 
equivalent, and, except as provided on secondary services in Order 
13-2631, shall not be smaller than No.6, and shall be made as short 
and as straight as practicable, avoiding as far as possible all bends 
and turns, especially sharp bends. 

Order 13-2824. Insulation. 
Lightning-protection accessories such as gap electrodes, and choke 

coils if used, shall have an insulation from ground or from other con
ductors at least equal to the insulation required at other points of the 
circuit. 

Order 13-2825. Isolating Switch. 
If isolating switches or disconnecting devices are used, they shall 

withstand, in full open position, a' voltage test between live parts 10 
per cent in excess of the maximum voltage test they will withstand 
to ground. 

Order 13-2826. Grounding. 
Lightning arresters shall be grounded in the manner prescribed in 

Section 13-250. 
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Chapter 3. Wiring Methods and Materials 

SECTION 13-300. GEN.ERAL REQUIREMENTS FOR WIRING 
METHODS 

On premises where a continuous extensive underground metallic 
water-piping network system is not available as a grounding electrode, 
and where it is not practicable otherwise to secure a ground of per
manently low resistance (below 3 ohms), the use of a wiring method 
which does not employ metal enclosures for the wires is recommended, 
unless the character or occupancy of the building is such as to require 
the use of a metal-enclosed wiring system. In general, metallic race
way systems should not be used for the interior wiring but may be 
used for the seyvice entrance. 

The intent and purpose of the following rules is to provide that 
conductors shall have mechanical strength, insulation, and carrying 
capacity adequate for the particular conditions under which they are 
to be used, and, that where subject to mechanical injury, they shall 
be adequately protected. 

Order 13-3001. Scope. 
The provisions of Orders 13-3002 to 13-3020 inclusive, shall apply 

to all wiring installations, except for remote-control, low-energy 
power and signal systems as provided in Section 13-725, and com
munication systems as provided in Section 13-800. 

The provisions of this section are not intended to apply to the con
ductors which form an integral part of equipment such as motors, motor 
controllers and the like. 

Order 13-3002. Voltage Limitations. 
Wiring methods specified in Chapter 3 may be used for voltages not 

exceeding 600, unless specifically limited in some section of Chapter 
3, and may be -used for voltages over 600 where specifically permitted 
elsewhere in this code. 

Order 13-3003. Protection Against Corrosion and Mechanical Injury. 
Cop.ductors and equipment shall be protected against corrosion and 

mechanical injury in accordance with the following: 
A. COT?·osion. Metal raceways, cable armor, boxes, cabinets and all 

metallic elbows, couplings, and fittings, unless made of corrosion
resistant material, shall be suitably protected against co:rrosion inside 
and outside (except threads at joints) by a coating of approved cor
rosion-resistant materials such as zinc, cadmium, or enamel; except 
that ferrous raceways, fittings and boxes protected from corrosion -
solely by enamel may be used only indoors and in occupancies not 
subject to severe corrosive influences. Where enameled conduit is not 
permitted, exposed threads shall be protected with a corrosion 
resistant coating after installation. 
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See Order 13-3462 for conduit, and Order 13-3482 for electrical metallic 
tubing. 

Meat-packing plants, tanneries, hide cellars, casing rooms, glue houses, 
fertilizer rooms, salt storage, some chemical works, metal refineries, I 

pulp mills, sugar mills, round houses, some stables, and similar locations 
are judged to be occupancies where severe corrosive conditions are 
likely to be present. 

B. Meohanical Injury. If subject to mechanical injury, conductors 
shall be adequately protected. 

Order 13-.3004. Secured in Place. 
Raceways, cable assemblies, boxes, cabinets and fittings shall, unless 

otherwise provided, be securely fastened in place. Raceways and cable 
assemblies shall be mechanically secured to boxes, fittings, cabinets 
and other enclosures, except as provided for nonmetallic boxes in 
Order 13-3710. 

Order 13-3005. Runs Continuous. 
Raceways and cable assemblies shall be continuous from outlet to 

outlet and from fitting to fitting. Conductors shall be continuous from 
outlet to outlet and, except as permitted for auxiliary gutters in Order 
13-3748, and for wireways in Order 13-3625, there shall be no splice 
or tap within the raceway itself. 

Order 13-3006. Free Length of Conductors at Outlets. 
At·least six inches of free conductor shall be left at each outlet and 

switch point for the making up of joints or the connection of fixtures 
or devices, except where conductors are intended to loop without joints 
through lampholders, receptacles and similar devices. 

Order 13-3007. Boxes at Outlets. 
Except as permitted in Order 13-3369, a box shall be installed at 

each outlet, switch, or junction point of conduit, electrical metallic 
tubing, surface metal raceway, armored cable, or non-metallic sheathed 
cable, and at each outlet and switch point of concealed knob-and-tube 
work. 

Order 13-3008. Boxes and Fittings Where Conductors Are Brought 
Out. 

Except as provided in Order 13-3009, a box or terminal fitting 
having a separately bushed hole for each conductor shall be used 
wherever a change is made from conduit, electrical metallic tubing, 
non-metallic sheathed cable, armored cable and surface metal raceway 
wiring to open wiring or to concealed knob-and-tube work. A fitting 
used for this purpose shall contain no taps or splices and shall not be 
used at fixture outlets. 

Order 13-3009. Bushing in Lieu of Box or Fitting. 
A bushing may be used in lieu of a box or terminal fitting at ends 

of conduit 01' electrical metallic tubing where conductors leave the 
conduit or tubing behind a switc;hQoard, or where more than 4 con-
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ductors leave the conduit or tubing at control apparatus or in similar 
locations, in which case the conductors shall be bunched, taped and 
painted with insulating paint. Such a bushing shall be of the insulating 
type except for lead-covered conductors. 

Order 13-3010. Through Studs, Joists and Rafters. 

When, in exposed or concealed work, conductors in insulating tubes 
or cables are run through bored holes in studs, joists or similar wood 
members, holes shall be bored at the approximate centers of wood 
members, or at least two inches from the top edge. Where there, is no 
objection because of weakening the building str,ucture, armored or 
non-metallic sheathed cable may be laid in notches no more than 1,4, 
span from either end in the studding or joists if the cable at' those 
points is protected against the driving of nails into it by having the 
notch covered with a steel plate at least 1/16 inch in thickness before 
building finish is applied. 

Order 13-3011. Conductors of Different Systems. 

Conductors of signal or radio systems shall not occupy the same 
enclosure with conductors of light or power syst~ms except as per
mitted for elevators in Orders 13-6216 and 13-6217; for sound record
ing in Order 13-6405; for remote-control, low-energy power and signal 
circuits in Orders 13-7266 and 13-7292; and communication system 
in Orders 13-8012 and 13-8031. Secondary wiring to electric discharge 
lamps of 1,000 volts or less may occupy the same enclosure as the 
branch circuit conductors. Conductors of light and power systems of 
600 volts or less may occupy the same enclosure, without regard to 
whether the individual circuits are alternating-current or direct-cur
rent, only if all conductors ,are insulated for the maximum voltage of 
any conductor within the enclosure.' Conductors of light and power 
systems of over 600 volts shall not occupy the same enclosure with 
conductors of light and power systems of 600 volts or less. Control, 
l'elay and ammeter conductors used in connection with any motor or 
starter may occupy the same enclosure as the motor circuit conductors. 

Order 13-3012. Number of Conductors in Raceway. 

In general the percentage of the total interior cross-sectional area 
of a raceway occupied by conductors shall not be more than will 
permit a ready installation or withdrawal of the conductors and dis
sipation of the heat generated without injury to the insulation of the 
conductors. See the following orders of this code: conduit, Order 13-
3466; electrical metallic tubing, 13-3486; surface metal raceways, 
13-3524; underfloor raceways, 13-3545; cellular metal floor raceways, 
13-3564; wireways, 13-3624; auxiliary gutters, 13-3745; theatres, 13-
5212; signs, 13-6021-D; elevators, 13-6214; and sound recording, 
13-6403 and 13-6404. 

Order 13-3013. Inserting Conductors in Raceways. 
Raceways, ,except tho,se used for exposed work and having a remov

able covel' or capping, shall first be installed as a complete raceway 
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system without the conductors. Conductors shall not be inserted until 
all mechanical work on the building which is liable to injure the con
ductors has been completed, as far as possible. Pull wires, if used, 
shall not be installed until the raceway system is in place. Graphite, 
talc, or an approved compound may be used as a lubricant in :inserting 
conductors in raceways. Cleaning agents or lubricants having a 
deleterious effect on conductor coverings shall not be used. 

Order 13-3014. Supporting Vertical Conductors in Raceways. 
Conductors in vertical raceways shall be supported at intervals not 

'greater than those specified in the following table: 
No. 18 to No. 0 ________________________ not greater than 100 feet 
No. 00 to No. 0000 _____________________ not greater than 80 feet 
250,000 C. M. to 350,000 C. M. _________________ not greater than 60 feet 
350,001 C. M. to 500,000 C. M. _________________ not greater than 50 feet 
500,001 C. M. to 750,000 C. M. _________________ not greater than 40 feet 

Above 750,000 C. M.~ ________________ not greater than 35 feet 

The following methods of supporting cables are recommended: 
A. By clamping devices constructed of or employing insulating 

wedges inserted in the ends of the conduits. With cables having var
nished cambric or thermoplastic insulation it may also' be necessary 
to clamp the conductor. 

B. By inserting boxes at the required intervals in which insulat
ing supports are installed and secured in a satisfactory manner to 
withstand the weight of the conductors attached thereto, the boxes 
being provided with ,covers. 

C. In junction boxes, by deflecting the cables not less than 90 
degrees and carrying them horizontally to a distance not less than 
twice the diameter of the cable, the cables being carried on two or 
more insulating supports, and additionally secured thereto by tie 
wires if desired. 

Order 13-3015. Raceways Exposed to Different Temperatures. 
If portions of an interior raceway system are exposed to widely 

different temperatures, as in refrigerating or cold storage plants, pro
vision shall be made to prevent circulation of air from a warmer to 
a colder section through the raceway. 

Order 13-3016. Electrical Continuity of Raceways. 
Interior metal raceways, cable armor, and other metal enclosures 

for conductors, shall be metallically joined together into a continuous 
electrical conductor, and shall be so connected to all boxes, fittings 
and cabinets as to provide effective electrical continuity. 

Order 13-3017. Grounding Metal Enclosures. 
Metal raceways, cable armor and fittings shall be grounded if and 

as prescribed in Section 13-250. 

Order 13-3018. Alternating-Current Systems in Metal Enclosures. 

Where run in metal raceway or cable armor, or where a current 
of more than 50 amperes enters a metal enclosure, the conductors of 
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circuits operating on alternating-current shall be so arranged as to 
avoid overheating of the metal by induction. If the capacity of a cir
cuit is such that it is impracticable to run all conductors in one en
closure, additional enclosures may be used provided the conductors in 
anyone enclosure are balanced in size and include one from each 
phase. 

Induced currents in an enclosure can be avoided by so grouping the 
conductors in one enclosure that the current in one direction will be 
substantially equal to the current in the opposite direction. 

In the case of circuits supplying vacuum or electric discharge lighting 
systems or signs, or X-ray apparatus, and under-plaster extensions per
mitted by Orders 13-3441 to 13-3444 inclusive, the currents carried by 
the conductors are so small that a single conductor may be placed in a 
metal raceway or cable armor without causing trouble from induction. 

Where the conductors of a circuit pass through individual holes In 
the wall of a metal cabinet, the effect of induction may be eliminated 
by cutting slots in the metal behveen the Individual holes through 
which the condUctors of the circuit pass, or by passing all the con
ductors in the circuit through an insulating block, used to cover a hole 
in the metal cabinet sufficiently large for all the conductors of the 
circuit, and providing individual holes' in the insulating block for the 
separate conductors. 

Order 13-3019. Underground Runs. 
Conductors run underground shall comply with the prOVISIOns of 

Orders 13-2311, 13-2312 and 13-2313 as far as mechanical protection 
is concerned. 

Order 13-3020. Wiring in Ventilating Ducts. 
Electrical instaHations shall be so made that the possible spread of 

fire through fire-stopped partitions, hollow spaces, fire .walls or fire 
partitions, vertical shafts, ventilating or air-conditioning ducts is re
duced to a minimum. No wiring system of any type shall be installed 
in ducts for dust, loose stock or vapor removal. Where it is necessary 
to run a wiring system through air-conditioning ducts or plenum 
chambers, the wiring method shall be rigid conduit, flexible steel con
duit with lead-covered conductors, or Type ACL armored cable, with 
fittings suitable for the location. The terminals of circuits of such 
wiring systems shall be so located that it will not be necessary to 
install motors 01' control equipment in the ducts, except for tempera
ture and humidity control. Raceways shall not interfere with the oper
ation of automatic fire dampers in ducts. 

Note: Consideration should be given to expansion and contraction of 
runs of conduit from temperature changes. 

SECTION 13-310-CONDUCTORS 

Order 13-3101. General. 
The intent and purpose of the following rules is to provide that con

ductors shall have mechanical strength, insulation, and carrying 
capacity adequate for the particular conditions under which they are 
to be used. 
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The provisions of this section are not intended to apply to con
ductors which form an integral part of equipment such as motors, 
motor controllers, and the like, or which are provided for elsewhere 
in this code. 

Order 13-3102. Conductor Insulation. 
Conductors shall be insulated except when uninsulated conductors 

are specifically permitted in this code. Conductor insulations as spec
ified in the following table may be used for any of the wiring 
methods recognized in this chapter, except as otherwise provided for 
in the table or the notes following, or as otherwise specified in this 
code. They are suitable for 600 volts unless otherwise specified. 

Max. 

Trade Name 
Type Operating 
Letter Temp. Special Provisions 

Rubber-Covered Fixture Wire RF-64 60C Fixture wiring. 
140F Limited to 300 V. 

Solid or Stranded RF-32 60C Fixture wiring, and as permitted 
140F in order 13-3103. 

Rubber-Covered Fixture Wire FF-64 60C Fixture wiring. 
140F Limited to 300 V. 

Flexible Stranding FF-32 60C 
140F 

Fixture wiring. 

Latex Rubber Fixture Wire, RUF 60C Fixture wiring, and as permitted 
Solid or Stranded 140F in order 13-3103. 
Flexible Stranding RUFF 60C 

140F 
Fixture wiring. 

Thermoplastic-Covered Fixture TF 60C ·Fixture wiring, and as permitted 
Wire-Solid or Stranded 140F in order 13-3103. 
Thermoplastic-Covered Fixture TFF 60C Fixture wiring. 
Wire-Flexible Stranding 140F 
Cotton-Covered, Heat-Resistant, CF 90C Fixture wiring. 
Fixture Wire 194F Limited to 300 V. 
Asbestos-Covered Heat-Resistant, AF 150C Fixture wiring. 
Fixture Wire 302F Limited to 300 V. 
Code Rubber R 60C General use. 

140F 
Heat-Resistant Rubber RH 75C General use. 

167F 
Moisture-Resistant Rubber RW 60C General use and wet locations. 

140F 
Latex Rubber RU 60C General use. 

140F 
Moisture-Resistant Latex Rubber RUW 60C General use and wet locations. 

140F 
Thermoplastic T 60C General use 

140F 
Moisture-Resistant TW 60C General use and wet locations. 
Thermoplastic 140F 
Thermoplastic and Asbestos TA 90C Switchboard wiring only. 

194F 
Varnished. Cambric V 85C Dry locations only. Smaller than 

185F No.6 by special permission. 
Asbestos and Varnished Cambric AVA 110C Dry locations only. 

230F 
Asbestos and Varnished Cambric AVL 110C Wet locations. 

230F 
Asbestos and Varnished Cambric AVE 90C Dry locations only. 

194F 
Asbestos A 200C Dry locations only. Not for gen-

392F eral use. In raceways, only for 
leads to or within apparatus. 
Limited to 300 V. 
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Max. 

Trade Name 
Type 
Letter 

Operating 
Temp. Special Provisions 

Asbestos AA 2000 Dry locations only. Open wiring. 
392F Not for generallll!e. In raceways, 

only for leads to or within appara-
tus. Limited to 300 V. 

Asbestos AI 1250 Dry locations only. Not for gen-
257F eral Ill!e. In racewllYs, only for 

leads to or within apparatlll!. Lim-
ited to 300 V. 

Asbestos AlA 1250 Dry locations only. Open wiring. 
257F Not for generallll!e. In raceways, 

only for leads to or within appara-
till!. 

Paper 850 
185F 

For underground service conduc-
tors, or by special permission. 

Slow-Burning SB 900 Drllocations only. Open wiring; 
194F an in raceways where tempera-

tures will exceed those permitted 
for rubber-covered or varnished 
cambric-covered conductors. 

Slow-Burning Weatherproof SBW 900 Dry locations only. Open wiring 
194F only. . 

Weatherproof WP 800 ~£:~e w~w;! bfn:£~~i~~~era~~ss~~~ 176F 
suitable for existing conditions. 

The rnbber insulations include those made from natural and synthetic rubber, neoprene and 
other vulcanizable materials. . 

Thermoplastic insulation may stiffen at temperatures below minlll! 10°0 (14°F) and care 
should be used in its installation at such temperatures. It may be deformed when subject to 
pressure; care should be taken in its installation, as for example, at blll!hings, or points of 
support. See order 13-3736B . 
. For size of conductors recognized for the varlolll! insulating coverings, and for construction 

details, see order 13-93101. 

A, Temperature Limitations. No conductor shall be used under such 
conditions that its temperature, even when carrying current, will 
exceed the temperature specified in the table for the type of insulation 
involved. 

B. Wet Locations. Insulated conductors used underground, in con
crete slabs or other masonry in direct contact with earth, in wet loca
tions, or where condensation or accumulation of moisture within the 
raceway is likely to occur, shall be moisture-resistant, rubber-covered 
(type RW); moisture-resistant, thermoplastic-covered (type TW); 
lead-covered; or of a type approved for the purpose. 

Such conductors are not suitable for direct burial In the earth unless 
of a type specifically approved for the purpose. 

C. CQ1'rosive Conditions. Conductors exposed to oils, greases, vapors, 
gases, fumes, liquids or other substances having a deleterious effect 
upon the conductor or insulation shall be of a type approved for the 
purpose. 

Order 13-3103. Minimum Size of Conductors. 
Conductors, whether solid or stranded, shall not be smaller than 

No. 14, except for printing press control circuits; as provided for 
flexible cords in Order 13-4006; for fixture wire in Order 13-4142; 
for fractional horsepower motors in Order 13-4312; for cranes and 
hoists in Order 13-6112; for elevator control and signal circuits in 
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Order 1:3-6205; for machine tools in Order 13-6721; and for remote
control, low-energy power and signal circuits in Order 13-7263. 

Order 13-3104. Stranded Conductors. 
Except when used as bus bars, conductors No.6 and larger, installed 

in raceways, shall be stranded. 
( 

Order 13-3105. Conductors in Multiple. 
Conductors in sizes 1/0 to 500,000 c.m., inclusive, may be run in 

multiple provided they are of the same length and have the same 
circular-mil area and type of insulation. Not more than three No. 1;0, 
four No. 2/0 nor five Nos. 3/0 to 50,000 c.m. conductors, inclusive, 
may be run in multiple. Except as herein provided, conductors shall 
be run in multiple only by special permission or as permitted in 
Order 13-6205. Where conductors are run in multiple, they shall be 
arranged and terminate at both ends in such a manner as to insure 
equal division of the total current between all conductors that are 
involved. 

Order 13-3106. Current-carrying Capacity. 
The maximum, continuous, current-carrying capacities of copper 

conductors are given in Tables 1 and 2 of Chapter 10. The current
carrying capacities of aluminum conductors shall be taken as 84 per 
cent of those given for the same sizes of copper conductors with the 
same kind of insulation. . 

SECTION 13-320. OPEN WIRING ON INSULATORS 

Order 13-3201. Scope. 

Opening wiring on insulators shall comply with the prOVISIOns of 
Orders 13-3001 to 13-3020 inclusive and shall also comply with the 
provisions of the following Orders 13-3202 to 13-3215 inclusive. 

Order 13-3202. Use. 

Open wiring on insulators shall not be used (1) in commercial 
garages, (2) in theaters, (3) in motion picture studios, (4) in hoist
ways, and (5) in hazardous locations, except in storage compartments 
of Class III locations as provided in paragraph B of Order 13-5073. 

Ordet· 13-3203. Types of Conductors. 

The type of conductors shall conform to Section IB-310. Only Ringle 
conductors shall be used. 

Order 13-3204. Supports. 

Conductors shall be supported in accordance with the following: 

A. Open conductors shall be rigidly supported on non-combustible, 
non-absorptive insulating material, except as provided in OI'der 
13-3206. 

B. Rigid supporting requires, under ordinary circumstances, if 
wiring over flat surfacE's, RupportR at least every 41h feet, this interval 
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being shortened if the conductors are liable to be disturbed. Con
ductors shall be supported by' means of a knob or cleat within 6 
inches of a tap. In buildings of mill construction, mains not smaller 
than No.8, where not liable to be disturbed, may be separ'ated about 
6 inches and run direct from timber to timber, being supported from 
each timber only. If circuits of No.8 or larger are run across open 
spaces where not liable to be disturbed, they may be, supported at 
distances not greater than 15 feet if approved non-com'bustible, non
absorptive insulating separators providing not less than 21h inch 
separation between conductors are installed at intervals of not over 
41h feet. ' 

C. When nails are used to mount knobs they shall not be smaller 
than 10 penny. When screws are used to mount knobs, 01' when nails 
01' screws are used to mount cleats, they shall be of a length sufficient 
to penetrate the wood to a depth equal to at least one-half the height 
of the knob and fully the thickness of the cleat. Cushion washers shall 
be used with nails . .. 
Order 13-3205. Spacing. 

Open conductors in dry places and for voltages not exceeding 300 
volts shall be separated 21h inches from each other and 1h inch from 
the surface wired over; and, except as provided in paragraph B of 
Order 13-3204, for voltages from 301 to 600 volts shall be separated 
4 inches from each other and 1 inch from the surface wired over. In 
damp 01' wet locations a separation of at' least 1 inch from the 
surface wired over shall be maintained for all voltages. 

Order 13-3206. Flexible Tubing. 
In dry locations, where not exposed to severe mechanical injury, 

conductors may be separately encased in flexible tubing. Tubing shall 
be in continuous length not exceeding 15 feet, and secured tp the 
surface wired over by straps spaced not exceeding 41h feet apart. 

Order 13-3207. Dead Ends. 
Open conductors shall not be dead-ended at a rosette, tampholder 01' 

receptacle unless the last support is within 12 inches of the same. 

Order 13-3208. Tie Wires. 
No.8 01' larger conductors supported on solid knobs shall be securely 

tied thereto. If conductors are used for tying, they shall have an 
insulation of the same type as that of the conductors which they 
confine. 

Order 13-3209. Passing Through Walls and Floors. 
Open conductors shall be separated from contact with walls, floors, 

timbers 01' partitions through which they pass by tubes 01' bushings of 
non-combustible, non-absorptive insulating material. If the bushing is 
shorter than the hole, a waterproof sleeve of non-inductive material' 
shall be inserted in the hole and an insulating bushing slipped into the 
sleeve at either end in such a manner as to keep the conductors 
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absolutely out of conta~t with the sleeve. Each conductor must be 
carried through a separate porcelain tube or sleeve. 

Order 13-3210. Separation from Metal Work. 
Open conductors shall be separated at least 2 inches from metallic 

conduit, piping, or other conducting material, 01' from any exposed 
lighting, power or signal conductor, unless separated therefrom by a 
continuous and firmly fixed non-conductor additional to the insulation 
of the conductor. If any insulating tube is used, it shall be secured 
at the ends. Deviation from this requirement may, if necessary, be 
allowed by the authority enforcing this code. 

Order 13-3211. Separation from Piping in Damp Locations. 
Open conductors located close to water pipes 01' tanks, 01' in other 

damp locations, shall be so placed that an airspace will be per
manently maintained between them and pipes which they cross. Where 
practicable, conductors shall be run over, rather than under, pipes 
upon which moisture is likely to gather 01' which may leak. 

Order 13-3212. Protection from Mechanical Injury. 
Where open conductors cross ceiling joists and wall studs, and are 

exposed to mechanical injury, they shall be protected by one of the 
following methods. Conductors within 7 feet from the floor shall be 
considered exposed to mechanical injury. 

A. By guard ships not less than % inch in thickness and at least 
as high as the insulating supports, placed on each side of and close 
to the wiring. 

B. By a substantial running board at least % inch thick back 
of the conductors with side protections. Running boards shall extend 
at least 1 inch outside the conductors, but not more than 2 inches and 
the protecting sides shall be at least 2 inches high and at least 
% inch thick . 

. C. 'By boxing made as above and furnished with cover kept at 
least 1 inch ,away from the conductors within. Where protecting ver
tical conductors on side walls the boxing shall be closed at the top 
and the holes through which the conductors pass shall be bushed. 

D. By conduit, in which case the rules for conduit shall be fol
lowed, 01' by metal piping in which case the conductors shall be en
cased in continuous lengths of approved flexible tubing. The conductors 
passing through conduit 01' piping shall be so grouped that current 
in both directions is approximately equal. 

Order 13-3213. In Accessible Attics. 

Conductors in unfinished accessible attics 01' roof spaces shall be 
installed in accordance with the requirements of Order 13-3247. 

Order 13-3214. In Concealed Spaces. 

Conductors shall not be in contact with any object other than their 
insulating supports. If l'un in concealed spaces they shall be installed 
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as required for concealed knob-and-tube work in accordance with the 
provisions of Orders 13-3241 to 13-3248 inclusive. 

Order 13-3215. Entering Spaces Subject to Dampness, Wetness or 
Corrosive Vapors. 

Conductors entering or leaving locations subject to dampness, wet
ness or corrosive vapors shall have drip loops formed on them and 
shall then pass upward and inward from the outside of buildings, 01' 

from the damp, wet, or corrosive location, through non-combustible, 
non-absorptive ins,ulating tubes. 

SECTION 13-324. CONCEALED RNOB-AND-TUBE WORR 

Order 13-3241. Scope. 
Concealed knob-and-tube work shall comply with the provisions of 

Orders 13-3001 to 13-3020, inclusive, and shall also comply with the 
provisions of the following Orders 13-3242 to 13-3248 inclusive. 

Order 13-3242. Use. 
Concealed knob-and-tube work may be used in the hollow spaces of 

walls and ceilings. It shall not be used (1) in commercial garages, 
(2) in theaters except as provided in 13-5211, (3) in motion picture 
studios, nor (4) in hazardous locations. 

Order 13-3243. Type of Conductor. 
The type of conductors shall conform to Section 13-310. Only single 

conductors shall be used. 

Order 13-3244. Supports. 

Conductors shall be supported at intervals not exceeding 4lh feet 
by knobs and tubes. There shall be a knob within 6 inches from each 
tap. Tie wires shall comply with Order 13-3208. If such support is 
impracticable and the conductors are in a dry location, they may be 
fished if separately enclosed in flexible tUbing extending in continuous 
lengths from one support to the next or to an outlet box, or from one 
outlet box to another. Otherwise, conduit, armored cable, electrical 
metallic tUbing or non-metallic sheathed cable shall be used. 

l 
Order 13-3245. Conductor Separation. 

Conductors shall be separated at least 3 inches and maintained at 
least 1 inch from the surface wired over. At distributing centers, 
meters, outlets, switches or other places where space is limited and 
the 3 inch separation cannot be maintained, each conductor shall be 
encased in a continuous length of flexible tubing. Where practicable, 
conductors shall be run singly on separate timbers or studding. 

Order 13-3246. Separation from Other Objects and Protection. 
Conductors shall be separated from other conductors and objects 

as follows: 
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A. The provisions as to rigid supporting and clearance from 
foreign wires and other objects, as specified for open wiring in Orders 
13-3209, 13-3210, 13~321l, and 13-3215 shall be complied with. 

B. Conductors passing through cross timbers in plastered par
titions shall be protected by an additional tube extending at least 3 
inches above the timber. 

Order 13-3247. In Unfinished Attics and Roof Spaces. 
Conductors in unfinished attics or roof spaces shall comply with 

the following: 
A. Conductors in unfinished attics and roof spaces shall be run 

through or on the sides of joists, studs and rafters, except in attics 
and roof spaces having head room at all points of less than 3 feet in 
buildings completed before the wiring is installed. 

B. If conductors in accessible unfinished attics or roof spaces 
reached by stairway or permanent ladder are run through bored holes 
in floor joists or through bored holes in studs or rafters within 7 feet 
of the floor or floor joists, such conductors shall be protected by 
substantial running boards extending at least 1 inch on each side 
of the conductors and securely fastened in place. 

C. If carried along the sides of rafters,' studs or floor joists, 
neither running boards nor guard strips will be required. 

Order 13-3248. Boxes of Insulating Material. 

Non-metallic outlet boxes may be used as provided in Order 13-3703. 

SECTION 13-328. BARE·CONDUCTOR FEEDERS 

Order 13-3281. Use. 

By special permission, bare conductors installed in accordance with 
the provisions of Order" 13-3001 to 13-3020, inclusive, and in ac
cordance with the provisions of the following Orders 13-3282 to 13-
3287, inclusive, may be used for feeders only. Such bare cond·uctors 
may be installed only in a chase, channel or shaft of non-combustible 
material in a building of fire-resistive construction; and only if the 
voltage between conductors does not exceed 600 volts. Bare con
ductors shall not be used in damp or wet locations, nor in any 
hazardous location, nor where subject to corrosive vapor, except in 
storage battery rooms as provided in Order 13-4807. 

Order 13-3282. Size and Capacity of Conductors. 

The maximum permissible current shall be 1000 amperes per square 
inch of cross-sectional area of conductor in unventilated enclosures, 
and 1200 amperes per square inch in ventilated enclosures. 

Order 13-3283. Branch Taps. 

Branch taps from bare-conductor feeders may be installed as speci
fied in Order 13-2434; provided that the mechanical protection speci
fied by sub-paragraphs C or D of Order 13-2434 shall not be required 
for that portion of the conductor located in the chase, channel or shaft. 
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Order 13-3284. Accessibility. 
The conductors shall not be accessible to other than qualified 

persons. 

Order 13-3285. Supports. 
Conductors shall be supported as follows: 

A. Conductors shall be supported on non-combustible non
absorptive insulating supports of adequate mechanical strength. 

B. Conductors shall be so supported that a separation between 
conductors, and between conductors and ground, of not less than that 
specified in Order 13-93847 will be maintained under all conditions of 
operation. 

Order 13-3286. Fire Cutoffs. 
If floors are pierced, suitable cutoffs against vertical travel of fire 

shall be provided. 

Order 13-3287. Special Safeguards. 
In addition to the provisions of the preceding orders, the authority 

enforcing this code may require other safeguards in view of special 
conditions that may be met in a particular installation. 

SECTION 13-334. ARMORED CABLE 

Order 13-3341. Scope. 
Installations of armored cable shall comply with the provisions of 

Orders 13-3001 to 13-3020, inclusive, and in addition shall comply with 
the provisions of the following Orders 13-3342 to 13-3348, inclusive. 

Order 13-3342. Use. 
Armored cable (type AC 01' ACT) may be used for both exposed 

work and concealed work in dry locations; for underplaster extensions 
as provided in Section 13-344; and embedded in plaster finish on brick 
01' other masonry, except in damp or wet locations. Armored cable 
(type ACV) in sizes No.4 and larger may be used for exposed work 
in dry locations in buildings occupied for industrial purposes. Armored 
cable shall contain lead-covered conductors (type ACL), if used where 
exposed to the weather or to continuous moisture, for underground 
runs and embedded in masonry, concrete 01' fill in buildings in course 
of construction, 01' where exposed to oil, gasoline or other conditions 
having a deteriorating effect on the insulation. Armored cable may 
be run 01' fished in the ail' voids of concrete masonry block 01' tile walls-:
where such walls are not exposed 01' subject to excessive moisture 01' 

dampness. Armored cable shall not be used (1) in theaters, except as 
provided in Order 13-5211; (2) in motion-picture studios; (3) in any 
hazardous locations; (4) where exposed to corrosive fumes 01' vapors; 
(5) in storage-battery rooms; (6) on cranes 01' hoists, except as pro
vided in sub-paragraph 13-6113-C; nor (7) in hoistways 01' on ele
vators, except as provided in Order 13-6206. 
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Order 13-3343. Supports. 
Armored cable shall be secUl'ed by approved staples, straps, 01' 

similar fittings, so designed and installed as not to injUl'e the cable. 
Cable shall be secured at intervals not exceeding 41h feet and within 
24 inches from every outlet box or fitting, except where cable is fished. 
Holes through studs, joists and similar members, shall be considered 
as cable supports. 

Order 13-3344. Exposed Work. 
Exposed runs of cable shall closely follow the surface of the building 

finish or of running boards, except: 
A. Lengths of not more than 24 inches at terminals where flex

ibility is necessary. 
B. In accessible attics and roof spaces, for which see Order 13-

3346. 
C. On the underside of floor joists in basements where supported 

at each joist and so located as not to be subject to mechanical injury. 

Order 13-3345. Through Studs, Joists and Rafters. 
See Order 13-3010. 

Order 13-3346. In Accessible Attics. 
Cable in accessible attics or roof spaces shall be installed as follows. 

A. If run across the top of floor joists, or within 7 feet of floor 
or floor joist across the face of rafters or studding, the cable shall be 
protected by substantial guard strips. which are at least as high as the 
cable. If the attic is not accessible by permanent stairs or ladders, 
protection will only be required within 6 feet of the nearest edge of 
scuttle hole or attic entrance. 

B. If carried along the sides of rafters, studs or floor joists, 
neither guard strips, nor running boards shall be required. 

Order 13-3347. Protection at Cable Ends. 
At all points where the armor terminates, a fitting shall be provided 

to protect wires from abrasion, unless the design of the outlet boxes 
or fittings is such as to afford equivalent protection, and in addition, 
an approved insulating bushing or its equivalent approved protection 
shall be provided between the conductors and the armor. The connector 
01' clamp by which the armored cable is fastened to boxes or cabinets 
shall be of such design that the insulating bushing or its equivalent 
will be visible for inspection. This bushing will not be required with 
lead covered cables which shall be so installed that the lead sheath 
will be visible for inspection. 

Order 13-3348. Bends. 

All bends shall be so made that the armor of the cable will not be 
injured, and the radius of the curve of the inner edge of any bend 
shall be not less than 5 times the diameter of the cable. 
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SECTION '13-336. NON-METALLIC SHEATHED CABLE 

Order 13-3361. Scope. 
Installations of non-metallic sheathed cable shall comply with the 

provisions of Orders 13-3001 to 13-3020, inclusive, and shall also com
ply with the provisions of the following Orders 13-3362 to 13-3370. 
inclusive. (See Section 13-560 for farm wiring) 

Order 13-3362. Use. 

A. Non-metallic sheathed cable having a fibrous 01' other type of 
water absorbent covering may be used for both exposed and concealed 
work in dry locations. Non-metallic sheathed cable shall not be used 
as service-entrance cable; nor shall it be embedded in masoni'y, con
crete, fill 01' plaster, nor run in a shallow chase in masonry or concrete 
walls and covered with plaster 01' similar finish; nor in contact with 
outside masonry walls. Non-metallic sheathed cable may be run 01' 

fished in the ail' voids of concrete masonry block or tile walls if such 
walls are never damp. Non-metallic sheathed cable shall not be in
stalled (1) in commercial garages, (2) in theaters, except as provided 
in Order 13-5211, (3) in motion picture studios, (4) in storage battery 
rooms, (5) in hoistways, (6) in any hazardous location, (7) in brew
eries, ice plants, cold-storage warehouses, (8) in those parts of farm 
occupancies where animals are housed, pumphouses, unheated under
ground rooms, wash rooms, cooling rooms, and similar wet or damp 
locations where subject to mildly corrosive fumes and vapors, or where 
exposed to the weather. 

B. Moisture and Oil Resistant Non-metallic Sheathed Cable. Neo
prene Jacketed Cables or equivalent moisture, fungus and oil resistant 
cable may be used in those parts of farm occupancies where animals 
are housed, pump houses, unheated underground rooms, wash rooms, 
cooling rooms, and similar wet or damp locations where subject to 
mildly corrosive fumes and vapors; and may be installed within the 
hollow voids of concrete or tile walls or partitions. It shall not be 
installed (1) in commercial garages, (2) in theaters, except as pro
vided in Order 13-5211, (3) in motion-picture studios, (4) in storage 
battery rooms, (5) in hoistways, (6) in hazardous locations, (7) in 
breweries, ice plants, cold-storage warehouses. 

Order 13-3363. Supports. 
Non-metallic sheathed cable shall be secured by approved staples, 

straps, or similar fittings, so designed and installed as not to injure 
the cable. Cable shall be secured in place at intervals not exceeding 
4 1h feet for fibrous covered non-metallic sheathed cable; 2 feet for 2 
conductor and 3 feet for 3 conductor Neoprene Jacketed Cable and 
within 12 inches from every outlet box or fitting, except that in con
cealed work in finished buildings where such supporting is imprac
ticable, the cable may be fished from outlet to outlet. 
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Order 13-3364. Exposed Work-General. 
In exposed work, except as provided in Orders 13-3366 and 13-3367, 

the cable shall be installed as follows: 
A. The cable shall closely follow the surface of the building 

finish or of running boards. 
B. It shall 1e protected from mechanical injury where necessary, 

by conduit, pipe, guard strips or other means. If passing through a 
floor the cable shall be enclosed in rigid conduit or pipe extending at 
least 6 inches above the floor. 

Order 13-3365. Through Studs, Joistfi and Rafters. 
See Order 13-3010. 

Order 13-3366. In Unfinished Basements. 
If the cable is run at angles with joists in unfinished basements, 

assemblies not smaller than two No.6 or three No.8 conductors may 
be secured directly to the lower edges of the joists; smaller assemblies 
shall either be run through bored holes in the joists or on running 
boards. Where l'un parallel to joists, cable of any size shall be secured 
to the sides or face of the joists. 

Order 13-3367. In Accessible Attics. 
Cable in accessible attics or roof spaces shall be installed as follows: 

A. If run across the top of floor joists, or within 7 feet of floor 
or floor joists, across the face of rafters or studding, the cable shall 
be protected by substantial guard strips at least as high as the cable. 
If the attic is not accessible by permanent stairs or ladders, protection 
will only be required within 6 feet of the nearest edge of scuttle hole 
or attic entrance. 

B. If carried along the sides of rafters, studs or floor joists, 
neither guard strips, nor running boards shall be required. 

Order 13-3368. Bends. 
Bends in cable shall be so made, and other handling shall be such, 

that th'e protective coverings of the cable will not be injured, and no 
bend shall have a radius less than 5 times the diameter of the cable. 

Order 13-3369. Devices of Insulating Material. 
Switch, outlet and tap devices of insulating material may be used 

without boxes in exposed cable wiring. Openings in such devices shall 
form a close fit around the outer covering of the cable and the device 
shall fully enclose that part of the cable from which any part of the 
covering has been removed. If connections to conductors are by bind
ing screw terminals, there shall be available as many screws as con
ductors, unless cables are clamped within the structure, or unless 
terminals are of a type approved for the purpose. 

Order 13-3370. Boxes of Insulating Material. 

Non-metallic outlet boxes approved for the purpose may be used as 
provided in Order 13-3703. . 
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SECTION 13-338-SERVICE-ENTRANCE CABLE 

Types ASE, SE and USE 

Order 13-3381. Scol?e. 
Service-entrance cable used as service-entrance conductors shall 

comply with the provisions of Section 13-230. Service-entrance cable 
used for interior wiring shall comply with the provisions of Orders 
13-3001 to 13-3020 inclusive. Cable with metal interlocking armor 
shall be installed in accordance with the applicable provisions of Sec
tion 13-334. Unarmored cable shall be installed in accordance with 
the applicable provisions of Section 13-336. Service-entrance cable 
shall also comply with the provisions of Orders 13-3382 and 13-3383. 

Order 13-3382. Use. 
Approved service-entrance cables may be used in interior wiring 

systems if all the conductors of the cable are of the rubber-covered 
or thermoplastic type; but if without individual insulation on the 
grounded conductor may be used only for range and domestic water
heater circuits, or as feeders from a service ,cabinet to supply other 
buildings; or as service-entrance conductors for such other buildings, 
if the following conditions are met: 

A. The cable has a final non-metallic outer covering. 
B. The supply is alternating current not exceeding 150 volts to 

ground. 
C. No domestic water-heater is supplied through a conductor 

without individual insulation. 

Order 13-3383. Through Studs, Joists and Rafters. 
See Order 13-3010. 

SECTION 13-340. NON-METALLIC WATERPROOF 
WIRING 

Order 13-3401. Scope. 
Installations of non-metallic waterproof wiring shall comply with 

the requirements of Orders 13-3001 to 13-3020 inclusive, and in addi
tion the following Orders 13-3402 to 13-3409, inclusive. 

Order 13-3402. Use. 
Subject to the approval of the authority enforcing this code, non

metallic waterproof wiring may be used for exposed work in breweries, 
ice plants, cold storage warehouses or similar wet locations where 
subject to mildly corrosive fumes and vapors, if the voltage does not 
exceed 300 volts between conductors or 150 volts to ground. 

Order 13-3403. Conductors. 
Rubber-sheathed mUltiple-conductor cable approved for the purpose 

shall be used. The individual conductors of the cable shall not be 
smaller than No. 12, except that the cable may contain an approved 
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size of conductor, with or without individual insulation, to be used for 
equipment grounding purposes only. See sub-paragraph A of Order 
13-2557. 

Order 13-3404. Supports. 
The cable shall be supported on insulators approved for the purpose 

and spaced at intervals not exceeding 3 feet. 

Order 13-3405. Attachment to Fittings. 
The cable shall be securely fastened to all outlet boxes, fittings and 

cabinets. A moisture-proof seal shall be provided between the cable 
and all outlet boxes, fittings and cabinets. 

Order 13-3406. Passing Through WaIls. 
The cable shall be enclosed in rigid conduit, electrical metallic 

tubing, or approved insulating tubing, where passing through walls, 
and where so enclosed, the enclosure shall be sealed with a suitable 
fitting. 

Order i3-3407. Protection. 
Where exposed to mechanical injury the cable shall be protected. 

Order ,13-3408. Boxes and Fittings. 
Boxes and fittings shall conform to the following: 

A. Outlet boxes, fittings and cabinets shall be constructed of cast 
metal, insulating material 01' other material approved for the purpose. 

B. Switch plates, fixtures, and similar parts shall be of insulating 
material when mounted on boxes, fittings, and .cabinets of insulating 
material. 

Order 13-3409. Grounding. 
Metal boxes, fittings, 01' cabinets if used shall be grounded in 

accordance with Section 13-250. 

SECTION 13-342. NON-METALLIC SURFACE EXTENSIONS 

Order 13-3421. Scope. 

Installations of non-metallic surface extensions shall comply with 
the provisions of Orders 13-3001 to 13-3020, inclusive, and in addition 
shall comply with the provisions of the following Orders 13-3422 to 
13-3429, inclusive. 

Ol'del' 13-3422. Use. 

Non-metallic surface extensions may be used only if all of the 
following conditions are met: 

A. The extensions are from existing outlets on branch circuits. 
B. The extensions are run exposed in dry locations. 
C. The building is occupied for residential 01' office purposes. 
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D. The extensions are not in unfinished basements, attics, or roof 
spaces. 

E. The voltage does not exceed 150 volts between conductors. 
F. The extensions are not subject to corrosive vapors. 

Order 13-3423. Outlets Per Circuit. 
The total number of outlets supplied by one branch circuit, including 

those previously installed and those of the extension, shall be in 
conformity -with the requirements of Section 13-210. 

Order 13-3424. Not to Run Outside Room. 

An extension shall not be run through a floor or partition, nor out
side the room in which it originates. 

Order 13-3425. Location in Room. 
One or more extensions may be run in any direction from an exist

ing outlet, but not on the floor or within 2 inches from the floor. An 
extension shall be attached only to woodwork or plaster finish, and 
shall not be in contact with any metal work or other conductive 
material except the metal plates on receptacles. 

Order 13-3426. Supports. 
Non-metallic surface extensions shall be secured in place by ap

proved means at intervals not exceeding 8 inches, except that where 
connection to the supplying outlet is made by means of an attachment 
plug the first fastening may be placed 12 inches or less from the plug. 
There shall be at least one fastening between each two adjacent outlets 
liupplied. 

Order 13-3427. Splices and Taps. 
Extensions shall consist of a continuous unbroken length of the 

asselubly, without splices, and without exposed conductors between 
fittings. Taps may be made if fittings completely covering the tap 
:onnections are used. 

urder 13-3428. Bends. 
A bend in an assembly which reduces the normal spacing between 

che conductors shall be covered with a cap to protect the assembly 
from niechanical injury. 

Order 13-3429. Fittings. 
Each run of an assembly shall terminate in a fitting which covers 

the end of the assembly. All fittings and devices shall be of a type 
approved for the purpose. 

SECTION 13-344. UNDERPLASTER EXTENSIONS 

Order 13-3441. Use. 
Underplaster extensions, installed as permitted by Orders 13-3441 

to 13-3444, inclusive, may be used only for extensions of existing 
bmnch circuits, if laid on the face of masonry or other material and 
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buried in the plaster finish of ceilings or walls, in buildings of fire
resistive construction. 

Order 13-3442. Materials. 
Such extensions shall be run in rigid or flexible conduit, armored 

cable, electrical metallic tubing or metal raceways approved for the 
purpose. Standard sizes of conduit, cable, tubing and raceways shall 
be used except that for single conductors only, conduit or tubing 
having not less than -i\r inch inside diameter or single-conductor 
arIllored cable may be used. 

Order 13-3443. Limit of Run. 
No such extension shall extend beyond the floor on which it 

originates unless standard sizes of rigid conduit, electrical metallic 
tubing or armored cable are employed. 

Order 13-3444. Methods of Installation. 
The methods of installation for such extensions shall be as specified 

elsewhere in this code for the particular type of material used, except 
that when alternating current is to be employed, all of the conductors 
of a circuit need not be contained in a single raceway or cable. 

SECTION 13-346. RIGID METAL CONDUIT 

Order 13-3461. Scope. 
Installations of rigid metal conduit shall comply with the provisions 

of Orders 13-3001 to 13-3020, inclusive, and in addition shall comply 
with the provisions of the following Orders 13-3462 to 13-3471, 
inclusive. 

Order 13-3462. Use. 
Rigid metal conduit may be used. under all atmospheric conditions 

and occupancies, except that ferrous raceways and fittings protected 
from corrosion solely by enamel may be used only indoors and in occu
pancies not subject to severe corrosive influences. Conduits and fittings 
exposed to severe corrosive influences shall be of corrosion-resistant 
material suitable for the conditions. If practicable, the use of dis
similar metals throughout the system shall be avoided to eliminate the 
possibility of galvanic action. 

Meat-packing plants, tanneries, hide cellars, casing rooms, glue houses, 
fertilizer rooms, sait storage, some chemical works, metal refineries, 
pulp and paper mills, sug-ar mills, round houses, some stables, and 
similar locations are judg-ed to be occupancies where severe corrosive 
conditIOns are likely to be present. 

Order 13-3463. Cinder Fill. 

Conduit, unless of corrosion-resistant material suitable for the pur
pose, shall not be used in 01' under cinder fill where subject to per
manent moisture unless protected on all sides by a layer of non-cinder 
concrete at least 2 inches thick 01' unless the conduit is at least 18 
inches under the fill. 
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Order 13-3464. Wet Locations. 
In portions' of dairies, laundries, canneries, and other wet locations, 

and in locations where walls are frequently washed, the entire conduit 
system, including all boxes and fittings used therewith, shall be so 
installed and equipped as to prevent water from entering the conduit 
and the conduit shall be mounted so that there is at least one-quarter 
inch air space between the conduit and the wall or other supporting 
surface. 

Order 13-3465. Minimum Size. 
No conduit smaller than % inch, electrical trade size, shall be used, 

except as provided for under-plaster extensions in Section 13-344, and 
for enclosing the leads of motors as permitted in Order 13-4439. 

Order 13-3466. Number of Conductors in Raceway. 
One conduit shall not contain more conductors of a given size than 

are specified in Tables 4 to 11 of Chapter 10. 

Order 13-3467. Reaming. 
All ends of conduit shall be reamed to remove rough edges. 

Order 13-3468. Bushings. 
Where a conduit enters a box or other fitting, a bushing shall be 

provided to protect the wire from abrasion unless the design of the 
box or fitting is such as to afford equivalent protection. See paragraph 
B of Order 13-3736 for the protection of conductors at bushings. 

Order 13-3469. Couplings. 
Threadless couplings and connectors used with conduit shall be 

made tight. If installed in wet places or if buried in masonry, con
crete, or fill shall be of a type to prevent water from entering the 
conduit. Running threads shall not be used on conduit for connection 
at couplings. 

Order 13-3470. Bends-How Made. 
Bends of rigid conduit shall be so made that the conduit will not be 

injured, and that the internal diameter of the conduit wiII not be effec
tively reduced. The radius of the curve of the inner edge of any field 
bend shall not be less than shown in the following table: 

Radius of Conduit Bends 

Size of Conduit 
~ in. ___________ _ 
:Ji In. ____ -. __ _ 

1 in. __________ . _ _ _ __ _ _ ____________ _ 
1~ in.__________________ _ __________ _ 
1~ in. ____ ._ . _________ ._ 
2 In. ____ . _____ . ____________ . _ _ __. ______________ . _ 

~~ i~:==::::.: _:::::: :::::::: :::: ::::::::::: :::::::: 
8~ in. ____ ._._ ___. _____ ._. _____ . _________ . 
4 In.______ _ . ___________ . __ 
4~ in. ___ . ._ . _____ . _______ __ 
5 in._ .. 
6 in. _____ _ 

Conductors 
Without 

Lead Sheath 

3.7 in. 
4.9 in. 
6.3 in. 
B.3 in. 
9.6 in. 

12.4 in. 
14.8 in. 
18.4 in. 
21.3 in. 
24.1 in. 
27.0 in. 
30.3 in. 
86.4 in. 

Conductors 
With 

Lead Sheath 

6.2 in. 
B.3 in. 

10.5 in. 
13.B in. 
16.1 in. 
20.6 in. 
24.6 in. 
80.6 in. 
35.5 in. 
40.2 in. 
45.0 in. 
50.4 in. 
60.6 in. 
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Order 13-3471. Bends-Number in One Run. 
A run of conduit between outlet ~nd outlet, between fitting and 

fitting, or between outlet and fitting shall not contain more than the 
equivalent of 4 quarter bends (360 0 total), including those bends 
located immediately at the outlet or fitting. 

SECTION 13-348. ELECTRICAL METALLIC TUBING 

Order 13-3481. Scope. 
Installations of electrical metallic tubing shall comply with the 

provisions of Orders 13-3001 to 13-3020, inclusive, and in addition 
shall comply with the provisions of the following Orders 13-3482 to 
13-3490 inclusive. 

Order 13-3482. Use. 
Electrical metallic tubing may be used for both exposed and con

cealed work. Electrical metallic tubing protected from corrosion solely 
by enamel shall not be used. Electrical metallic tubing shall not be 
used (1) where during installation or afterwards, it will be subject 
to severe mechanical injury; (2) in cinder concrete or fill where sub
ject to· permanent moisture unless protected. on all sides by a layer 
of non-cinder concrete at least 2 inches thick 01' unless the tUbing is 
at least 18 inches under the fill; (3) in any hazardous locations except 
as otherwise provided in Section 13-500; (4) where exposed to cor
rosive vapor except as permitted in Order 13-3483. 

Order 13-3483. Corrosive Fumes. 
If tUbing is exposed to corrosive fumes or vapors such as may exist 

in meat packing plants, tanneries, hide cellars, casing rooms, glue 
houses, fert~lizer rooms, salt storage, some chemical works, metal 
refineries, pulp mills, sugar mills, round houses, some stables, and 
similar locations, tubing and fittings of corrosion-resistant material 
suitable for the-.. conditions shall be used. If practicable, the use of 
dissimilar metals throughout the system shall be avoided to eliminate 
the possibility of galvanic action. 

Order 13-3484. Wet Locations. 
In portions of dairies, laundries, canneries, and other wet locations, 

and in locations where walls are frequently washed, the entire tubing 
system, including all boxes and fittings used therewith, shall be so 
installed and equipped as to prevent water from entering the tubing, 
and the tubing shall be mounted so that there is at least one-quarter 
inch air space between the tubing and the wall or other supporting 
surface. 

Order 13-3485. Minimum and Maximum Sizes. 
No tubing smaller than % inch, electrical trade size, shall be used 

except as provided for underplaster extensions in Section 13-344 and 
for enclosing the leads of motors as permitted in paragraph B of 



104 VOLUME 2-0RDER 13-3485 

Order 13-4439. The maximum size of tubing shall be the 2-inch 
electrical trade size. 

Order 13-3486, Number of Conductors in Raceway. 
One tUbing shall not contain more conductors of a given size than 

are specified in Tables 4 to 11 of Chapter 10. 

Order 13-3487. Threads. 
Tubing shall not be coupled together nor connected to boxes, fittings, 

or cabinets by means of threads in the waIl of the tubing, except by 
fittings approved for the purpose. Threads shall not be of the standard 
pipe thread dimensions. 

Ot'der 13-3488. Couplings and Connectors. 
Threadless couplings and connectors used with tubing shall be made 

up tight, and if to be buried in masonry, concrete, or fill, or if installed 
in wet places shall be of a type to prevent water from entering the 
raceway. 

Order 13-3489. Bends-How Made. 
Bends in the tubing shall be so made that the tubing will not be 

injured and that the internal diameter of the tubing will not be effec
tively reduced. The rad:us of the curve of the inner edge of any field 
bend shall not be less than shown in the table in Order 13-3470. 

Order 13-3490. Bends-Number in One Run. 
A run of electrical metallic tubing between outlet and outlet, 

between fitting and fitting, or between outlet and fitting, shall not 
contain more than the equivalent of four quarter bends (360 0 total), 
including those bends located immediately at the outlet o! fitting. 

SECTION 13-350. FLEXIBLE METAL CONDUIT 

'Order 13-3501. Scope. 
Installations of flexible metal conduit shall comply with the pro

visions of Orders 13-3001 to 13-3020, Orders 13-3343, 13-3344, 13-
3346, and Orders 13-3465 to 13-3468, inclusive, and in addition shall 
comply with the provisions {)f the following Orders 13-3502 and 
13-3503. 

Order 13-3502. Use. 
Flexible metal conduit shall not be used (1) in wet locations, unless 

conductors are of the lead covered type or of other type specially 
approved for the conditions; (2) in hoistways, except as provided in 
Order 13-6206; (3)' in storage battery rooms; (4) in any hazardous 
location except as permitted by Orders 13-5054 and 13-5073; nor (5) 
where rubber covered conductors are exposed to oil, gasoline, or other 
materials having a deteriorating effect on rubber. 
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Order 13-3503. Minimum Size. 
No flexible metal conduit less than one-half inch electrical trade 

size shall be used except (1) as permitted for underplaster extensions 
by Order 13-3442; (2) as permitted for motors by paragraph B of 
Order 13-4439; and (3) for connection not over 48 inches in length, 
or longer on' approved assemblies, to equipment where the use of one
half inch or larger size flexible metal conduit is not practicable in 
which case flexible metal conduit of three-eighth inch electrical trade 
size may be used. 

SECTION 13-351-LIQUID-TIGHT FLEXIBLE METAL CONDUIT 

Order 13-3511. Scope. 
Liquid-tight flexible metal conduit is not intended as a general pur

pose raceway material. The provisions of this section shall apply to 
a type of flexible conduit having an outer liquid-tight jacket and 
employed with suitable terminal fittings approved for the purpose. 

Order 13-3512. Use. 
The use of this wiring material shall be restricted as follows: 

A. For the connection of motors or portable equipment where 
flexibility of connection is required. 

B. Liquid-tight flexible metal conduit shall not be used under the 
following conditions: (1) Where subject to mechanical injury; (2) 
Where in contact with rapidly moving parts; (3) Under conditions 
such that its temperature, with or without enclosed conductors carry
ing current, is above 60 C (140F); (4) In any hazardous location, 
except as described in 13-5014-B, 13-5054, and 13-5073 of Section 
13-500, unless it is specially approved for such use. 

Order 13-3514. Maximum Size. 
The maximum size of liquid-tight flexible metal conduit shall not 

exceed 114 inch electrical trade size. 

Order 13-3515. Conductor Size. 
The maximum size of conductor installed in liquid-tight flexible 

metal conduit shall not exceed the following values: 

Trade Size Size of 
of Con<1uit Condu('tor 

% inch ____________________________________________________ 16 A WG 
lh inch ______________________________ .. _____________________ 12 A ,VG 
:y, inch ____________________________________________________ 8 A WG 

1 inch __________ ~ _______________ -___ -___________________ 6 A ,VG 
1',4 inch _________________ - -- --------- ___ -------------._. -- 2 A WG 

SECTION 13-352. SURFACE METAL RACEWAY 

Order 13-3521. Scope. 
Installations of surface metal raceways shall comply with the 

provisions of Orders 13-3001 to 13-3020, inclusive, and in addition 
shall comply with the provisions of the following Orders 13-3522 to 
13-3527, inclusive. 
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Order 13-3522. Use. 
Surface metal raceway may be used in dry locations. It shall not 

be used (1) where concealed, except that the back and sides of multi
outlet assembly may be surrounded by the building finish; and metal 
raceways approved for the purpose may be used for under-plaster 
extensions; (2) where subject to severe mechanical injury unless 
approved for the purpose; (3) where the voltage is 300 volts or more 
between conductors unless the metal has a thickness of not less than 
.040 inches; (4) where subject to corrosive vapors; (5) in hoistways; 
(6) in storage battery rooms; nor (7) in any hazardous location. 

Order 13-3523. Size of Conductors. 
No conductor larger than No.6 shall be installed in surface metal 

raceway. 

Order 13-3524. Number of Conductors in Raceway. 
The number of conductors installed in any raceway shall not be 

greater than the number for which the raceway is approved, and in 
no case shall more than 10 conductors be installed in a single raceway 
compartment. 

Order 13-3525. Extension Through Walls and Floors. 
Except in multi-outlet assemblies, raceways may be extended 

through dry walls, dry partitions and dry floors, if in unbroken lengths 
where passing through. 

Order 13-3526. Combination Raceways. 
If combination metal raceways are used both for signal and for 

lighting and power circuits, the different systems shall be run in 
separate compartments, identified by sharply contrasting colors of the 
interior finish, and the same relative position of compartments shall 
be maintained throughout the premises. 

Order 13-3527. Multi-Outlet Assembly. 
Multi-outlet assembly, and all fittings used in comiection with the 

assembly, shall be approved for the purpose. 

SECTION 13-354. UNDERFLOOR RACEWAY 

Order 13-3541. Scope. 
Installations of underfloor raceways shall comply with the provi

sions of Orders 13-3001 to 13-3020, inclusive, and in addition shall 
comply with the provisions of the following Orders 13-3542 to 13-3556, 
inclusive. 

Order 13-3542. Use. 
Underfloor raceways may be used when installed beneath the sur

face of concrete or other flooring material, or in office occupancies, 
when laid flush with the concrete floor and covered with linoleum or 
equivalent floor covering. Open-bottom type of l'aceways may be used 
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in concrete fill between the rough and the finished floor only. Under
floor raceways shall not be used (1) if subject to corrosive vapors; 
(2) in any hazardous location; (3) in commercial garages; nor (4) in 
storage-battery rooms. 

Order 13-3543. Covering. 
Raceway coverings shall conform to the following: 
A. Raceways Not Over 4 Inches Wide. Half-round raceways not 

over 4 inches in width, and, except as permitted in paragraph C of 
this order, flat-top raceways not over 4 inches in width, shall have 
not less than %, inches of concrete or wood above the raceway. 

B. Raceways Over 4 Inches in Width or With Less Than % Inch 
Separation. Flat-top raceways over 4 inches in width or raceways of 
any width placed less than % inch apart, shall be covered with con
crete to a depth of not less than 1 % inches. 

C. Raceways Flush With Concrete. Approved metal flat-top race
ways if not over 4 inches in width may, in office occupancies, be laid 
flush with the concrete floor surface if covered with substantial 
linoleum not less than ~ inch in thickness or with equivalent floor 
covering. When more than one and not more than three single race
ways are each installed flush with the concrete, they must be (1) con
tiguous with each other and joined to form a rigid assembly, or (2) 
spaced not less than % inch apart. 

Order 13-3544. Size of Conductors. 
No conductor larger than that for which the raceway is approved 

shall be installed in underfloor raceways and the largest size conductor 
allowed shall be No. 0 A WG. 

Order 13-3545. Number of Conductors in Raceway. 
The combined cross-sectional area of all conductors shall not exceed 

40 per cent of the interior area of the raceway; except that if the 
raceway contains only armored cable or non-metallic sheathed cable, 
these requirements shall not apply. 

Order 13-3546. Splices and Taps. 
Splices or taps shall be made only in junction boxes. 

Order 13-3547. Discontinued Outlets. 
When an outlet is discontinued, the conductors supplying the outlet 

shall be removed from the raceway. 

Order 13-3548. Open-Bottom Raceway-How Laid. 
Open-hottom raceway shall be laid on a smooth pad of ('oncrete 

extending at least 1 inch on each side of the raceway and at least 
1 inch thick, except that this thickness may be reduced to 14 inch 
where the raceway crosses a run of conduit, and except that in lieu 
of a concrete pad, fittings which will protect the conductors from 
contact with piping, structural steel and other obstructions may be I 

used. Raceways shall be mechanically secured to the concrete pad, 
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Order 13-3549. Laid in Straight Lines. 
Underfloor raceways shall be laid so that a straight line from the 

center of one junction box to the center of the next junction box will 
coincide with the center line of the raceway system. Raceways shall 
be made mechanically secure to prevent disturbing this alignment 
during construction. 

Order 13-3550. Markers at Ends. 
At every end of line of raceway, a fitting shall be installed extend

ing through the floor to mark the line of the duct. Where a duct line 
is interrupted by another duct line, but continues in a straig~t line 
beyond, and has junction boxes 01' outlets on either side of the cross
ing line, no markers are necessary at the interrupting point. 

Order 13-3551. Dead Ends. 
Dead ends of raceways shall be closed. 

Order 13-3552. Low Points. 
Where practicable, raceways and their fittings shall be so arranged 

as to avoid low points that may form traps for water. 

Order 13-3553. Special Fittings at Angles. 
Where raceways are run at other than right angles, special fittings 

shall be provided, if in the judgment of the authority enforcing this 
code, these are necessary. 

Order 13-3554. Junction Boxes. 
Junction boxes shall be leveled to the floor grade and sealed against 

the entrance of water. Junction boxes used with metal raceways shall 
be metal and shall be electrically continuous with the raceways. 

Order 13-3555. Inserts. 

Inserts shall be leveled to the floor grade and sealed against the 
entrance of water. Inserts used with metal raceways shall be metal 
and shall be electrically continuous with the raceway. Inserts set in 
or on fiber raceways before the floor is laid shall be mechanically 
secured to the raceway. Inserts set in fiber raceways after the floor 
is laid shall be screwed into the raceway. In cutting through the race
way wall and setting inserts, chips and other dirt shall not be 
allowed to fall into the raceway, and tools shall be used which are so 
designed as to prevent the tool from entering the raceway and injuring 
conductors that may be in place. 

Order 13-3556. Connections to Cabinets and Wall Outlets. 
Connections between raceways and distribution centers and wall 

outlets shall be made by means of rigid or flexible metal conduit or 
by means of fittings specially approved for the purpose. 
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SECTION 13-356. CELLULAR METAL FLOOH RACEWAYS 

Order 13-3561. Scope. 

Ion 

Installations of cellular metal floor raceways shall comply with the 
provisions of Orders 13-3001 to 13-3020, inclusive, and in addition 
shall comply with the provisions of the following Orders 13-3562 to 
13-3570. For the purposes of this section a "cellular metal floor race
way" shall be defined as the hollow spaces of cellular metal floors, 
together with suitable fittings, which may be approved as enclosures 
for electrical conductors; a "cell" shall be defined as a single, enclosed 
tubular space in a cellular metal floor member, the axis of the cell 
being parallel to the axis of the metal floor member; a "header" 
shall be defined as a transverse raceway for electrical conductors, 
providing access to predetermined cells of a cellular metal floor, 
thereby permitting the installation of electrical conductors from a 
distribution center to the cells. 

Order 13-3562. Use. 
Conductors shall not be installed in cellular metal floor raceways 

(1) where subject to corrosive vapor; (2) in any hazardous location; 
(3) in commercial garages, except for supplying ce~ling outlets 01' 

extensions to the. area below the floor but not above; nor (4) in 
storage battery rooms. No electric conductors shall be installed in 
any cell or header which contains a pipe for steam, water, air, gas, 
drainage, or other service than electrical. 

Order 13-3563. Size of Conductors. 
No conductor larger than No. 0 shall be installed, except by special 

permission. 

Order 13-3564. Number of Conductors in Raceway. 
The combined cross-sectional area of all conductors shall not exceed 

40 per cent of the interior area of the header feeding the individual 
cells; except that if the raceway contains only armored cable or nOI1-
metallic sheathed cable, these requirements shall not apply. 

Ot'der 13-3565. Splices and 'raps. 
Splices and taps shall be made only in header access unit::; or 

junction boxes, . 

Order 13-3566. Discontinued Outlets, 
When an outlet is discontinued, the conductors Hupplying- tht' outlet 

shall be removed from the raceway. 

Order 13-3567. Markers. 
A suitable number of markers shall be in::;talled eJ;Ctending through 

the floor for the future locating of cells and for system identification. 

Order 13-3568. Junction Boxes. 
Junction boxes shall be leveled to the floor grade and sealed against 

the entrance of water. Junction boxes used with these raceways shall 
be of metal and shall be electrically continuous with the raceway. 
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Order 13-3569. Inserts. 

Inserts shall be levelled to the floor grade and sealed agll ,jIst the 
,entrance of water. Inserts shall be of metal and shall be elel!trically 
continuous with the raceway. In cutting through the cell wall and 
setting inserts, chips and other dirt shall not be allowed to fall into 
the raceway, and tools shall be used which are designed to prevent 
the tool from entering the cell and injuring the conductors. 

Order 13-3570. Connection to Cabinets and Extensions from Cells. 

Connections to cabinets and extensions from cells to outlets shall be 
made by means of rigid or flexible conduit or by means of fittings 
approved for the purpose. 

SECTION 13-358. CELLULAR CONCRETE FLOOR RACEWAYS 

Order 13-3581. Scope. 

Precast cellular concrete floor raceways shall comply with the 
applicable requirements of Order 13-3001 to Order 13-3020, inclusive, 
and shall comply with the provisions of Order 13-.3582 to Order 
13-3591, inclusive. For the purpose of this article "precast cellular 
concrete floor raceways" shall be defined as the hollow spaces in 
floors constructed of precast cellular concrete slabs, together with 
suitable metal fittings designed to provide access to the floor cells 
in an approved manner. A "cell" shall be defined as a single, en
closed tubular space in a floor made of precast cellular concrete slabs, 
the direction of the cell being parallel to the direction of the floor 
member. Header ducts shall be defined as transverse metal raceways 
for electrical conductors, ,furnishing access to predetermined cells of 
a precast cellular concrete floor, thus providing for the installation of 
electrical conductors from a distribution center to the floor cells. 
HlstorYI Cr. Register, July, 1957,No. 19, eff. 8-1-57. 

Order 13-.3582. Use. 

Conductors shall not be installed in precast cellular concrete floor 
raceways (1) where subject to corrosive vapor; (2) in hazardous loca
tions; (3) in commercial garages, except for supplying ceiling outlets 
or extensions to the area below the floor but not above; nor (4) in 
storage battery rooms. No electrical conductors shall be installed in 
any cell or header which contains a pipe for steam, water, air, gas, 
drainage, or any service other than electrical. 
History I Cr. Register, July, 1957, No. 19, eff. 8-1-57. 

Order 13-.3583. Header Duct. 

The header duct shall be installed in a straight line, at right angles 
to the cells. The header duct shall be mechanically secured to the top 
of the precast cellular concrete floor and the top surface levelled to 
the floor finish. The end joints shall be closed by metallic closure 
fittings and sealed against the penetration of water. The header duct 
shall be electrically continuous throughout its entire length and shall 
be electrically bonded to the enclosure of the distribution center. 
History I Cr. Register, July, 1957, No. 19" eff. 8-1-57. 
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Order 13-3584. Connection to Cabinets and Other Enclosures. 

Connection from header duct to cabinets and other enclosures shall 
be made by means of metallic duct and fittings approved for the 
purpose. 
History: Cr. Register, July, 1957, No. 19, eft. 8-'1-57. 

Order 13-3585. Junction Boxes. 

Junction boxes shall be levelled to the floor grade and sealed against 
the entrance of water. Junction boxes shall be of metal and shall be 
mechanically and electrically continuous with the header ducts. 
History: Cr. Register, July, 1957, No. 19, eft. 8-1-57. 

Order 13':"3586. Markers. 

Each hidden access point between a header and a cell intended for 
future use shall be provided with a marker extending through the 
floor covering. A suitable number of markers shall be installed, ex
tending through the floor covering, to locate the cells a~d to provide· 
system identification. 
History: Cr. Register, July, 1957, No. 19, eft. 8-1-57. 

Order 13-3587. Inserts. 

Inserts shall be levelled to the floor grade and sealed against the 
entrance of water. Inserts shall be of metal and shall be fitted with 
receptacles of the grounded type. A ground conductor shall connect 
the insert receptacles to a positive ground connection provided on the 
header duct. In cutting through the cell wall for setting inserts or 
other purposes (such as providing access openings between header 
duct and cells) chips and other dirt shall not be allowed to fall into 
the raceway, and,the tool used shall be so designed as to prevent the 
tool from entering the cell and injuring the conductors .. 
History: Cr. Register, July, 1957, No. 19, eft., 8-1-57. 

Order 13-3588. Size of Conductors. 

No conductor larger than No. o shall be installed, except by special 
permission. 
History. Cr. Register, July, 1957, No. 19, eft. 8-1-57. 

Order 13-3589. Number of Conductors in Raceway. 

The combined cross-sectional area of all conductors in any header 
shall not exceed 40% of the interior cross-sectional area of such 
header; except that if the header contains only armored cable or non
metallic sheathed cable, or both, this limitation shall not apply. 
History: Cr. Register, July, 1957, No. 19, eft. 8-1-57. 

Order 13-3590. Splices and Taps. 

Splices and taps shall be made only in header duct access units or 
junction boxes. -
History: Cr. Register, July, 1957, No. 19, eft. 8-1-57. 

Order 13-3591. Discontinued Outlets. 

When an outlet is discontinued, the conductors supplying the outlet 
shall be removed from the header and cell. 
History: Cr. Register, July, 1957, No. 19, eft. 8-1-57. 
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SECTION 13-362. WIREWA YS 

Order 13-3621. Scope. 

Installations of wireways shall comply with the provisions of Orders 
13~3001 to 13-3020, inclusive, and in addition shall comply with the 
provisions of the following Orders 13-3622 to 13-3630, inclusive. 

Order 13-3622. Use. 

Wireways may be used only for exposed work in dry locations in 
industrial occupancies, garages and theaters, including motion-picture 
houses. Wireways shall not be used (1) where subject to severe 
mechanical injury or cOl'rosive vapor; (2) in hoistways; (3). in any 
hazardous location; nor (4) in storage-battery rooms. 

Order 13-3623. Size of Conductors. 

No conductor larger than 500,000 c.m. shall be installed in any 
wireway. 

Order 13-3624. Number of Conductors in Raceway. 

Wireways shall not contain more than 30 conductors at any cross 
section, unless the conductors are for signaling circuits or are control 
conductors between a motor and its starte1' and used only for starting 
duty. The sum of the cross-sectional areas of all contained conductors 
at any cross section of a wireway shall not exceed 20 per cent of the 
interior cross-sectional area of the wireway. 

The correction factors specified In Note 4 of Table 1 of Chapter 10 
are not applicable to the foregoing. 

Order 13-3625. Splices and Taps. 

Splices 01' taps, made and insulated by approved methods, may be 
located within the wireway if they are accessible by means of hinged 
covers. The conductors, including splices and taps, shall not fill the 
wireway to more than 75 per cent of its area. 

Order 13-3626. Supports. 

Wireways shall be securely supported at intervals not exceeding 5 
feet, unless specially approved f01' supports at greater intervals, but 
in no case shall the distance between supports exceed 10 feet. 
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Order 13-3627. Extension Thl'ough Walls. 
Wireways may extend transversely through dry walls if in unbroken 

lengths where passing through. 

Order 13-3628. Dead-Ends. 
Dead-ends of wireways shall be closed. 

Order 13-3629. Extensions from Wireways. 
Extensions from wireways shall be made with rigid or fiexible metal 

conduit, electrical metallic tubing, surface metal raceway or armored 
cable. 

Order 13-3630. Marldng. 
Wireways shall be marked so that their manufacturer's name or 

trade-mark will be visible after installation. 

SECTION 13-364. BUSW A YS. 

Order 13-3641. Scope. 
Installations of busways ~hall comply with the provisions of Orders 

13-3001 to 13-3020, inclusive, and in addition shall comply with the 
provisions of the following Orders 13-3642 to 13-3653, inclusive. 

Order 13-3642. Use. 
Busways may be used for exposed work. BU8wayS shall not be used 

(1) where subject to severe mechanical injury or corrosive vapors; 
(2) in hoistways; (3) in any hazardous location; (4) in storage
battery rooms; nor (5) outdoors or in wet or damp locations unless 
specially approved for the purpose. 

Busways may be used for service-entrance conductors. See Order 
13-2331. 

Order 13-;3643. Support. 
Busways shall be securely supported at intervals not exceeding 5 

feet, unless specially approved for supports at greater intervals, but 
in no case shall the distance between supports exceed 10 feet. If a 
busway is installed in a vertical position, the supports for the busbars 
shall be designed for vertical installation. 

Order 13-3644. Extension Through Walls. 
Busways may extend transversely through dry walls if in unbroken 

lengths where passing through. Busways may extend vertically 
through dry fioors if totally enclosed (unventilated) Where passing 
through and for a minimum distance of six feet above the fioor to 
provide adequate protection from mechanical injury. 

Order 13-3645. Dead-Ends. 
Dead-ends of busways shall be closed. 

Order 13-3646. Branches from Busways. 
Branches from busways shall be made with bus ways 01' with rigid 

01' fiexible metal conduit, elech-ical metallic tubing, surface metal race-
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way, armored cable or, fo1' portable appliances, with suitable cord 
assemblies approved for hard usage. 

Order 13-3647. Overcurrent Protection. 
Overcurrent protection shall be provided in accordance with Orders 

13-3648 to 13-3652 inclusive. 

Order 13-3648. Rating of Overcurrent Protection-Feeders and Sub· 
feeders. 

If the allowable current rating of the busway does not correspond 
to a standard rating of the overcurrent device, the next higher rating 
may be used, but not exceeding 150 per cent of the allowable current 
rating of the busway. 

Order 13-3649. Reduction in Size of Busway. 
Overcurrent protection may be omitted at points where busways are 

reduced in size, provided that the smaller busway does not extend 
more than 50 feet and has a current rating at least equal to one-third 
the rating or setting of the overcurrent device next back on the line, 
and provided further that such busway is free from contact with 
combustible material. 

Order 13-3650. Branch Circuits. 
Where a busway is used as a feeder, devices or plug-in connections 

for tapping off branch circuits from the busway shall contain the 
overcurrent devices required for the protection of the branch circuits, 
except as permitted in Order 13-2434. Where the overcurrent device 
is not readily accessible, it shall be enclosed or guarded until it is 
electrically disconnected from the busway. 

Order 13-3651. Rating of Overcurrent Protection-Branch Circuits. 
A busway may be used as a branch circuit of anyone of the types' 

described in Section 13-210. When so used, the rating or setting of 
the overcurrent device protecting the busway shall determine the 
ampere rating of the branch circuit and the circuit shall in all respects 
conform with the requirements of Section 13-210 applying to branch 
circuits of that rating. 

Order 13-3652. Length of Busways Used as Branch Circuits. 
Busways which are used as branch circuits and which are so de

signed that loads can be connected at any point shall be limited to 
such lengths as will provide that in normal use the circuits will not 
be overloaded. In general, the length of such run in feet should not 
exceed three times the ampere rating of the branch circuit. 

Order 13-3653. Marking. 
Busways shall be marked with the voltage and current rating for 

which they are designed, and with the manufacturer's name or trade
mark in .such manner as to be visible after installation. 

It is recommended that where secondary systems are operated un· 
gro\\Uileil, It. cornl:>inR.tion gr'"Jnd d"t<>ctor an'1 pot"ntiA.llIIAr phJg h" 'IB,,<1 
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as an auxiliary fitting for ousway systems to establish a definite poten
tial difference between the bus-bars and the grounded casing of the 
busways. This will serve to drain off any static or other charge from 
the entire busway system Including its connected apparatus, supply and 
branch circuit conductors. 

SECTION 13-370. OUTLET, SWITCH AND JUNCTION 
BOXES, AND FITTINGS 

Order 13-3701. Scope. 
The provisions of this section shall apply to the installation of out

let, switch and junction boxes, and fittings as required by Order 13-
3007. Installations in hazardous locations shall conform to Section 
13-500. 

Order 13-3702. Use of Round Outlet Boxes. 
Round outlet boxes shall not be used where conduits or connectors 

requiring the use of locknuts or bushings are to be connected to the 
side of the box. 

Order 13-3703. Non-Metallic Outlet Boxes. 
Non-metallic outlet boxes may be used only with open WlTIng on 

insulators, concealed knob-and-tube work, non-metallic sheathed cable, 
and with non-metallic waterproof wiring. 

Order 13-3704. Metallic Outlet Boxes. 
When used with knob-and-tube work or non-metallic sheathed cable, 

and mounted on metal or metal lath ceilings or walls, such bo:x;es 
shall be insulated from their supports and from the metal or metal 
lath, or shall be grounded. 

Order 13-3705. Damp !lr Wet Locations. 
In damp or wet locations, boxes and fittings shall be so placed or 

equipped as to prevent moisture or water from entering and accumu
lating within the box or fitting. Boxes and fittings installed in wet 
locations shall be weatherproof. For boxes in floors, see Order 
13-4162. 

It is recommended that boxes of non-conductive material be used 
with non-metallic sheathed cable when such cable is used in locations 
where there is likely to be occasional moisture present such as in 
dairy barns. 

Order 13-3706. Depth of Boxes for Concealed Work. 
Outlet' boxes for concealed work shall have an internal depth of at 

least 1% inches, except that where the installation of such a box will 
result in injury to the building structure or is impracticable, a box 
not less than % inch internal depth may be installed. 

Order 13-3707. Supports-General. 
Boxes, fittings and, cabinets shall be securely fastened in place. 

Boxes and fittings, not over 100 cubic inches in size, which are attached 
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to firmly secured exposed raceway by threading or other connection 
designed for the purpose, are considered as so fastened. 

A. Concealed Work. In concealed work, except as prescribed in 
paragraph B of this order, outlet boxes and fittings, unless securely 
held in place by concrete, masonry or other building material in which 
they are embedded, shall be secured to a stud, joist or similar fixed 
structural unit, or to a metal or wooden support which is secured to 
such a structural unit. Where there are gang boxes, additional support 
shall be provided. Wooden supports shall be not less than % inch 
in thickness. Lath of wood, metal or composition shall not be consid
ered a structural unit. See Orders 13-4131 and 13-4132 for support 
of fixtures. 

B. Exposed W01'k. In exposed work, and in concealed work in exist
ing buildings where conductors or cables are fished and outlet boxes 
cannot be secured as provided in paragraph A of this order without 
disturbing the building finish, the boxes may be mounted directly 
upon the plaster surface if securely fastened in place. 

Order 13~3708. Pull and Junction Boxes. 
Pull and junction boxes shall conform to the following; 
A. Minimum Size. For raceways of 114 inch trade size and larger, 

containing conductors of No.6 or larger, the minimum dimensions of 
a pull bo;x: or a junction box installed in a raceway shall conform to 
the following: 

1. Straight Pulls. In straight pulls the length of the box shall be 
not less than 8 times the trade diameter of the largest raceway. 

2. Angle or U Pulls. Where angle or U pulls are made, the dis. 
tance between each raceway entry inside, the box and the opposite wall 
of the box shall not be less than 6 times the trade diameter of the 
raceway. This distance shall be increased for additional entries by 
the amount of the sum of the diameters of all other raceway entries 
on the same wall of the box. The distance between raceway entries 
enclosing the same conductor shall not be less than 6 times the trade 
diameter of the larger raceway. 

3. Exceptions. The limitations of sub-paragraphs 1 and 2 of this 
order are not intended to apply to terminal housings supplied with 
motors, nor to types of boxes or fittings without knockouts and having 
hubs or recessed ports for terminal bushings and locknuts. 

B. Conductors in Pull or Junction Boxes. In pull boxes or junction 
boxes having any dimension over 6 feet, all conductors shall be cabled 
01' racked up in an approved manner. 

See Order 1~-373ti for illsuJlllion of conductors at bushings. 

Order 13-3709. Number of Conductors in a Box. 
Boxes shall be of sufficient size to provide free space for all con

ductors enclosed in the box. 
A. The maximum number of conductors, not counting fixtun: 

wires, permitted in outlet and junction boxes shall be as in the fol. 
lowing tables with the exceptioll~ noted. 
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Deep Boxes 
Box Dimensions 

Trade Size 
Maximum Number of Conductors 

No. 14 No. 12 No. 10 No.8 

m ~ :~c~::~~~i'..a~~~========================= 1% x 4 square _______________________________ _ 
1% x 411/16 square _________________________ _ 
2h; x 411/16 square _________________________ _ 
2 x 1~ x 2~-------------------------------
2% x 1~ x 2b-------------------------------s x 1~ x 2n ______________________________ _ 

5 
8 

11 
16 
20 

5 
6 
7 

5 
7 
9 

12 
16 

4 
6 
7 

Shallow Boxes of Less Than 1%" Depth 

4 
6 
7 

10 
12 
4 
5 
6 

o 
6 
5 
8 

10 

Box Dimensions 
Trade Size 

Maximum Number of Conductors 
No. 14 No. 12 No. 10 

au ___________ ---- _ -_ ---__ -_ -_ -_ ------_ --- ---4 ___________________________________________ _ 
4 11/16 _____________________________________ _ 

4 
6 
R 

4 
6 
6 

a 
4 
6 

The above tables apply where no fittings or devices, such as fixture 
studs, cable clamps, hickeys, switches or receptacles are contained in 
the box. "Vhere one or more flxture studs, cable clamps, or hlckeys are 
contained in the box, the number of conductors shall be one less than 
shown in the tables, with a further deduction of one for each flush 
device or combination of flush devices mounted on the same strap. A 
conductor running through the box is counted as one conductor, and 
each conductor terminating in the box is also counted as one conductor. 
If single flush boxes are ganged, and each section is occupied by a flush 
device or combination of flush devices on the same strap, the limitations 
will apply to each section Individually. 

B. For combinations not shown in above tables the following table 
shall apply: 

Size of Conductor 
No. 14 _____________________ - ________________ ---- - - - --- - __ --_ - __ 
No. 12 ______________ - ____ - ___ - _ - - _ -_ - __ --- - - __ - - - - - - - _ - - - - - _ - -_ 
No. 10 ___________________ - ___________ - - _____ - - ---- - - - - -- -- --- -_ 
No. 8 _____________________ - _ - -- __ - - - - - _ - - _ - - - -- - - - --- -- - - - _ - __ 

Free Space within Box 
for Each Conductor 

2. cubic inches 
2.25 cubic inches 
2.5 cubic inches 
a. cubic inches 

C, The limitations in paragraphs A and B of this order shall not 
apply to terminal housings supplied with motors, nor to types of boxes 
or fittings without knockout and having hubs or recessed parts for 
terminal bushings and locknuts. 

Paragraphs A and B of Order 13-3709 do not apply to conductors used 
for rewiring existing' raceways as ]'eferred to in Table 11, Chapter 10. 

Order 13-3710. Conductors Entering Boxes 01' Fittings. 
Conductors entering boxes or fittings shall be protected from abra

sion, and shall conform to the following: 
A. Openings to be Closed. Openings through which conductors enter 

. shall be adequately closed. 
B. Metal Boxes and Fittings. If metal outlet boxes or fittings are 

used with open wiring or concealed knob-and-tube work, conductors 



shall enter through insulating bushings or, in dry places, through 
flexible tubing extending from the last insulating support and firmly 
secured to the box or fitting. Where raceway or cable is used with 
metal outlet boxes or fittings, the raceway or cable shall be secured 
to such boxes and fittings. 

C. Non-Metallio Boxes. If non-metallic boxes al'e used with open 
wiring or concealed knob-and-tube work, the conductors shall enter 
through individual holes. Where flexible tubing is used to encase the 
conductor, the tubing shall extend from the last insulating support 
and may be run into the box or terminate at the wall of the box. If 
non-metallic sheathed cable is used, the cable assembly shall enter 
the box through a knockout opening. Clamping of indiv~dual con
ductors or cables to the box is not required if supported within 8 
inches of the box. 

Order 13-3711. Covers and Canopies. 
In completed installations each outlet box shall be provided with a 

covel' unless a fixture canopy is used. 
A. Non-metallic covers and plates shall be used with non-metallic 

outlet boxes. 
B. If a fixture canopy or pan is used, any combustible wall or 

ceiling finish exposed between the edge of the canopy or pan and the 
outlet box shall be covered with non-combustible material. 

C. Covers of outlet boxes having holes through which flexible 
cord pendants pass, shall be provided with bushings designed for the 
purpose or shall have smooth, well-rounded surfaces on which the 
cords may bear. So-called hard-rubber or composition bushings shall 
not be used. 

Order 13-3712. Unused Openings. 

Unused openings in boxes, fittings and cabinets shall be effectively 
closed to afford protection substantially equivalent to that of the wall 
of the box or fitting. Metal plugs or plates shall not be used with non
metallic boxes or fittings unless recessed at least 1,4 inch from the 
outer surface. 

Order 13-3713. Boxes Enclosing Flush Devices. 

Boxes used to enclose flush devices shall be of .such design that the 
devices will be completely enclosed on back and sides, and that sub
stantial support for the devices will be provided. Screws for support
ing the box shall not be used in attachment of the device contained 
therein. 

Order 13':'3714. Fastened to Gas Pipes. 

Outlet boxes used where gas outlets are present shall be so fastened 
to the gas pipes as to be mechanically secure. 

Order 13-3715. Position in Wall. 

In walls or ceilings of concrete, tile or other non-combustible mate
rial, boxes and fittings shall be so installed that the front 'edge of the 
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box or fitting will not set back of the finished surface more than 
1,4 inch. In walls and ceilings constructed of wood or other combustible 
material, outlet boxes and fittings shall be flush with the finished 
surface or project therefrom. 

Order 13-3716. Repairing Plaster. 
Except on walls or ceilings of concrete, tile or other non-combustible 

material, a plaster surface which is broken or incomplete shall be 
repaired so that there will be no gaps or open spaces at the edge of 
the box or fitting. 

Order 13-3717. Junction Boxes to Be Accessible. 
Junction boxes shall be so installed that the wiring contained in 

them may be rendered accessible without removing any part of the 
building. In finished rooms, wiring and splices in a junction or outlet 
box having a blank cover, and not more than 6 inches back of the 
finished wall or ceiling surface, shall be considered accessible when 
one or more suitable markers extend through the plaster, paint or 
other finish for future location and identification of the box. 

Order 13-3718. Exposed Extensions. 
In making an exposed extension from an existing outlet of con

cealed wiring, a box, extension ring or blank cover shall be mounted 
over the original box and electrically and mechanically secured to it. 
The extension shall then be connected to this box in the manner pre
scribed for the method of wiring employed in making the extension. 

Order 13-3719: Boxes at Fixture Outlets. 
Boxes used at outlets for fixtures shall be designed for the purpose. 

At every outlet used exclusively for lighting, the box shall be so 
designed or installed that a fixture may be attached. 

SECTION 13-373. CABINETS AND CUTOUT BOXES 

Order 13-3731. Scope. 

The provisions of this section shall apply to the installation of cab
inets and cutout boxes. Installations in hazardous locations shall con
form to the provisions of Section 13-500. 

Order 13-3732. Damp or Wet Locations. 
In damp or wet locations, cabinets and cutout boxes of the surface 

type shall be so placed or equipped as to prevent moisture or water 
from entering and accumulating within the cabinet or cutout box, and 
shall be mounted so there is at least one-quarter inch air space be
tween the enclosure and the wall or other supporting surface. Cabinets 
or cutout boxes installed in wet locations shall be weatherproof. 

It is recommended that boxes of non-conductive material be used 
with non-metallic sheathed cable when such cable is used in locations 
where there is likely to be moisture present. 
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Order 13-3733. Position in Wall. 
In walls of concrete, tile, or other non-combustible material, cabinets 

shall be so installed that the front edge of the cabinet will not set 
back of the finished surface more than 14 inch. In walls constructed of 
wood or other combustible material, cabinets shall be flush with the 
finished surfac'e or project therefrom. 

Order 13-3734. Unused Openings. 
Unused openings in cabinets or cutout boxes shall be effectively 

closed to afford protection substantially equivalent to that of the wall 
of the cabinet or cutout box. If metal plugs or plates are used with 
non-metallic cabinets or cutout boxes, they shall be recessed at least 
1,4 inch from the outer surface. 

Order 13-3735. Conductors Entering Cabinets or Cutout Boxes. 
Conductors entering cabinets or cutout boxes shall be protected 

from abrasion and shall conform to the following: 
A. Openings to Be Closed. Openings through which conductoTs enter 

shall be adequately closed. 
B. Metal Cabinets and Cutout Boxes. If metal cabinets or cutout 

boxes are used with open wiTing or concealed knob-and-tube work, 
conductors shall enter through insulating bushings or, in dry places, 
through flexible tubing extending from the last insulating support and 
firmly secured to the cabinet or cutout box. 

Order 13-3736. Deflection of Conductors. 
Conductors entering or leaving cabinets 01' cutout boxes and the 

like shall conform to the following: 
A. Width of Gutters. Vertical conductors No.1 01' larger shall not 

be deflected where they enter or leave a cabinet unless a gutter hav
ing a width in accordance with the following table is provided: 

Minimum Width of 
Conductor Size Gutter in Inches 

No. L______________________________________ _____________________ • 3 
No. 0 to 200,000 c.m.______________________________________________ 4 

211,600 to 500,000 c.m,_________________________________________ r 6 
600,000 to 900,000 c.m._________________________________________ '8 

1,000,000 to 1,400,000 c.m._________________________________________ 10 
1,500,000 to 2,000,000 c.m._________________________________________ 12 

B. Insulation at Bushings. Where ungrounded conductors of No.4 
or larger enter a raceway in a cabinet, pull box, junction box, or 
auxiliary gutter, the conductors shall be protected by a substantial 
bushing providing a smoothly rounded insulating surface, unless the 
conductors are separated from the raceway fitting by substantial in
sulating material securely fastened in place. If conduit bushings are 
constructed wholly of insulating material, a locknut shall be provided 
both inside and outside the enclosure to which the conduit is attached. 
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Order 13-3737. Space in Enclosures. 
Cabinets and cutout boxes shall conform to the following: 
A. To Accommodate Conductors. Cabinets and cutout boxes shall 

be selected which have sufficient space to accommodate all conductor" 
installed in them without crowding. 

B. Used as Junction Boxes. Switch enclosures shall not be used as 
junction boxes, troughs or raceways for conductors feeding through 
or tapping off to other switches, unless special designs are employed 
to provide adequate space for this purpose. 

Order 13-3738. Side or Back Wiring Spaces or Gutters. 
Cabinets and cutout boxes shall be provided with back wiring spaces, 

gutters or wiring compartments as required by sub-paragraphs C 
and D of Order 13-93732. 

SECTION 13-374. AUXILIARY GUTTERS 

Order 13-3741. Purpose. 
Auxiliary gutters, used to supplement wiring spaces at meter cen

ters, distribution centers, switchboards and similar points of interior 
wiring systems, may enclose conductors 01' bus bars, but shall not be 
used to enclose switches, overcurrent devices or other appliances or 
apparatus. 

Order 13-3742. Extension Beyond Equipment. 
An auxiliary gutter shall not extend 'a greater distance than 30 feet 

beyond the equipment which it supplements except in elevator work. 
Any extension beyond this distance shall comply with the provisions 
for wireways in Section 13-362 or with the provisions for busways in 
Section 13-364. 

Order 13-3743. Supports. 
Gutters shall be supported throughout their entire length at inter

vl;l.ls not exceeding 5 feet. 

Order 13-3744. Covers. 
Covers shall be securely fastened to the gutter. 

Order 13-3745. Number of Conductors in Raceway. 
Auxiliary gutters shall not contain more than 30 conductors at any 

cross section unless the conductors are for signalling circuits or are 
control conductors between a motor and its starter and used only for 
starting duty. The sum of the cross sectional areas of all contained 
conductors at any cross section of an auxiliary gutter shall not exceed 
20 per cent of the interior cross sectional area of the gutter. 

For elevators see order 13-6216. 

Order 13-3746. Carrying Capacity of Copper Bars. 
The current carried continuously in bare conductors in auxiliary 

gutters shall not exceed 1000 amperes pel' square inch of cross section 
of the conductor. 
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Order 13-3747. Clearance of Bare Live Parts. 
Bare conductors shall be securely and rigidly supported so that the 

minimum clearance between bare current carrying metal parts of 
opposite polarities mounted on the same surface shall be not less than 
2 inches, nor less than 1 inch for parts that are held free in the air . 

. A spacing not less than 1 inch shall be secured between bare current 
can'ying metal parts and any metal surface. Adequate provision shall 
be made for expansion and contraction of copper bars. 

Order 13-3748. Splices and Taps. 
Splices and taps shall conform to the following: 

A. Splices or taps, made and insulated by approved methods, may 
be located within gutters if they are accessible by means of removable 
covers or doors. The conductors, including splices and taps, shall not 
fill the gutter to more than 75 per cent of its area. 

B. Taps from bare conductors shall leave the gutter opposite their 
terminal connections and conductors shall not be brought in contact 
with uninsulated current carrying parts of opposite polarity. 

C. All taps shall be suitably identified at the gutter as to the 
circuit or equipment which they supply. . 

D. Tap connections from conductors in auxiliary gutters shall be 
provided with overcurrent protection in conformity with the provisions 
of Order 13-2434. 

Order 13-3749. Construction. 
Auxiliary gutters shall be constructed in accordance with the fol

lowing: 
A. Gutters shall be so constructed and installed that adequate 

electrical and mechanical continuity of the complete raceway system 
will be secured. 

B. Gutters shall be of substantial construction and shall provide 
a complete enclosure for the contained conductors. All surfaces, both 
interior and exterior, shall be suitably protected from corrosion. Cor
ner joints shall be made tight and where the assembly is held together 
by rivets or bolts, these shall be spaced not more than 12 inches apart. 

C. Suitable bushings, shields or fittings having smooth rounded 
edges shall be provided where conductors pass between gutters, through 
partitions, around bends, between gutters and cabinets 01' junction 
boxes and at other locations where necessary to prevent abrasion of 
the insulation of the conductors. -

D. Gutters shall be constructed of sheet metal of thicknesses not 
less than in the following table: 

Thickness Maximum Width of the Widest 
Surfa ce of Gutters russ Sheet Steel Gauge) 

up to and Inrluding 6 Inches ___________________________________ No. 16 
Over 6 In. and not over IIlln. _______________________ . __________ No. 14-
Over 18 In. and not over 30 In. ____ .. __ . __ . _,_, _. _ ... __ .... ____ .No. 12 
Over80Inches. _______________________ ._ -_____ _ __ No. 10 

.059R inch 

.0747 inch 

.1046 inch 
.1845 Inch 
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E. Where insulated conductors are deflected within the auxiliary 
gutter, either at the ends or where conduits, fittings or other race
ways enter or leave the gutter, or where the direction of the gutter is' 
deflected greater than 30 degrees, dimensions corresponding to Order 
13-3736 shall apply. 

SECTION 13-380. SWITCHES 

Order 13-3801. Grounded Conductors. 
No switch or circuit-breaker shall disconnect the grounded con

ductor of a circuit unless the switch or circuit-breaker simultaneously 
disconnects the ungrounded coriductor or conductors, or unless the 
switch or circuit-breaker is so arranged that the grounded conductor 
cannot be disconnected until the ungrounded conductor or conductors 
have first been disconnected. 

Order 13-3802. Three-Way and Four-Way Switches 
Three-way and four-way switches shall be so wired that all switch

ing is done only in the ungrounded circuit conductor. Wiring between 
switches and outlets shall, if in metal enclosures, be run with both 
polarities in the same enclosure., 

Order 13-3803. Enclosures. 
Switches and circuit-breakers, except pendent and surface type snap 

switches and knife switches' mounted on an open face switchboard or 
panelboard, shall be of the' externally operable type enclosed in metal 
boxes or cabinets. 

Order 13-3804. Wet Locations. 
If a switch or circuit-breaker is in a wet location or outside of a. 

building, it shall be enclosed in a weatherproof enclosure or cabinet 
installed to conform to Order 13-3732. 

Order 13-3805. Time Switches, Flashers and Similar Devices. 
Time switches, flashers and similar devices, unless mounted on 

switchboards or control panels, if not in approved individual housing, 
shall be enclosed in metal boxes or cabinets but need not be of the 
externally-operable type. 

Order 13-3806. Position of Knife Switches. 
Single-throw knife switches shall be so placed that 'gravity will not 

tend to close them. Double-throw knife switches may be mounted so 
that the throw will be either vertical or horizontal as preferred, but 
if the throw be vertical a locking device shall be provided which will 
insure the blades remaining in the open position when so set. 

Order 13-3807. Connectioll of I(nife Switches. 
Knife switches, unless of the double-throw type, shall be so COll

nected that the blades are dead when the switch is in the open 
position. 
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Order 13-3808. Accessibility and Grouping. 
Switches and circuit-breakers, so far as practicable, shall be readily 

accessible and shall be grouped. 

Order 13-3809. Covers of Flush Snap Switches. 
Flush snap switches, if mounted in ungrounded metal boxes and 

located within reach of conducting floors or other conducting sur" 
faces, shall be provided with covers of non-conducting, non-combustible 
material. Face plates, if of metal, shall be not less than 0.04 inch in 
thickness, and plates of non-conducting, non-combustible material shall 
be not less than 0.10 inch in thickness. 

Order 13-3810. Mounting of Surface Type Snap Switches. 
Snap switches used with open wiring on insulators shall be mounted 

on sub-bases of insulating material which will separate the conductors 
at least % inch from the surface wired over. 

Order 13-3811. Circuit-Breakers as Switches. 
A circuit-breaker operable directly by applying the hand to a lever 

or handle may serve as a switch provided it has the number of poles 
required for such switch. 

Order 13-3812. Grounding of Enclosures. 
Enclosures for switches or circuit-bl'eakers on circuits of over 150 

volts to ground shall be grounded in the manner specified in Section 
13-250, except where accessible to qualified operators only. 

Order 13-3813. Knife Switches. 
Knife switches rated for more than 1200 amperes at 250 volts or 

less, and for more than 600 amperes at 251 to 600 volts, shall be used 
only as isolating switches and shall not be opened under load. To in
terrupt currents greater than 1200 amperes at 250 volts or less, or 600 
amperes at 251 to 600 volts, a circuit-breaker or a switch of special 
design approved for such purpose shall be used. Knife switches of 
lower rating may be used as general use switches and may be opened 
under load. Motor circuit switches (see definition) may be of the knife 
switch type. 

Order 13-3814. Rating of Snap Switches. 
Snap switches shall be rated as follows: 
A. Non-Inductive Loads. For non-inductive loads other than 

tungsten-filament lamps, switches shall have an ampere rating not 
less than the ampere rating of the load. 

B. Tungsten Filament Loads. For tungsten-filament lamp loads, 
and for combined tungsten-filament and non-inductive loads, switches 
shall be "T" rated, except where the three following qualifications are 
satisfied: 

1. If switches are used in branch circuit wiring systems in pri
vate homes; in rooms in multiple-occupancy dwellings used only as 
living quarters by tenants; in private hospital or hotel rooms; or in 
similar locations but not in public rooms or places of assembly; and 
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2. Only when such a switch controls permanently connected fix
tures or lighting outlets in one room only, or in one continuous, l}all- , 
way where the lighting fixtures may be located at different lev~ls; or 
on porches or in attics or basements not used for assembly purposes i 
and 

3. When the switch is rated at not less than lOA, 125V; 5A, 
250Vi or for the 4-way types, 5A, 125V; 2A, 250V. 

C. IndUctive Loads. Switches controlling inductive loads shall have 
an ampere rating twice the ampere rating of the load unless they are 
of a type approved as part of an assembly or for the purpose 
employed. 

For switches on signs and outline lighting, see Orders 13-6002, 13-6003 
and 13-6004. 

For switches controlling motors, see Order 13-4383. 

SECTION 13-384. SWITCHBOARDS AND .P ANELBOARDS 

Order 13-3841. Scope. 
The requirements of this section shall apply to all switchboards, 

panelboards, and distribution boards used for the control of light and 
'power circuits, except switchboards in utility company operated cen
tral stations and/or sub-stations, which directly control energy derived 
from generators or transforming devices, and except switchboards 01' 

portions thereof used exclusively to control signal circuits operated by 
batteries. The requirements of this section shall apply to battery 
charging panels if current is taken from light 01' power circuits. 

Order 13-3842. Application of Other Sections. 
Switches, circuit-breakers and overcurrent devices used on switch

boards, panelboards and distribution boards, the boards and their 
enclosures, shall conform to the requirements of Sections 13-240, 
13-370, 13-380 and other sections which apply. Switchboards and pan
elboards, in hazardous locations shall conform to the requirements of 
Section 13-500. 

Order 13-3843. Support of Bus Bars and Conductors. 
Conductors and bus bars on a switchboard, panelboard or control 

board, shall be so located as to be free from mechanical injury and 
shall be held in such a manner as to be rigid. 

SWITCHBOARDS 

Order 13-3851. Location of Switchboards. 
Switchboards which have any exposed live parts shall be located in 

permanently dry locations and then only where under competent 
supervision and accessible only to qualified persons. 

Order 13-3852. Wet Locations. 
1:£ a switchboard is in a wet location 01' outside of a building, it 

shaI! be enclosed in a weatherproof enclosure 01' cabinet installed to 
conform to Order 13-3732. 
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Order 13-3853. Location Relative to Easily Ignitible Material. 
Switchboards shall be so placed as to reduce to a minimum the 

probability of communicating fire to adjacent easily ignitible material. 

Order 13-3854. Clearance from Ceiling. 
Switchboards shall not be built up to a non-fireproof ceiling, a space 

of three feet being left between the ceiling and the board, unless an 
adequate fire-proof shield is provided between the board and the 
ceiling. 

Order 13-3855. Clearance Back of Switchboard. 
If the equipment or wiring on the back of the switchboard is acces

sible only from the space behind the board, there shall be a cl~ar 
space of at least 18 inches between such equipment or wiring and the 
wall for a single panel switchboard not exceeding 42' inches in width, 
and at least 24 inches when the board consists of a wider panel or 
more than one panel. If the space behind the board is accessible only 
from one end, these spaces shall be increased by at least 6 inches. The 
space back of the board shall be kept clear of foreign material and 
shall not be used for storage purposes. 

Reduction of clearances for short Intervals by building columns behind 
the switchboard, or by equipment on a single panel in the switchboard, 
is permitted provided the clearances are not reduced below those 
required for a single panel board. 

Some of the above dimensions are exceptions to Order 13-1112. 

Order 13-3856. Conductor Covering. 
Insulated conductors where closely grouped, as on the real' of switch

boards, shall each have a flame-retardent outer covering. The con
ductor covering shall be stripped back a sufficient distance from the 
terminals so as not to make contact with them. Insulated conductors 
used for instrument and control wiring on the back of switchboards 
shall be flame retardant, either inherently or by means of an outer 
covering, and be one of the following types, R, RH, V, AVA, AVB, T, 
or TA. 

Order 13-3857. Protection of Instrument Circuits. 
Instruments, pilot lights, potential transformers, and other switch

board devices with potential coils, except where the operation of the 
overcurrent device might introduce a hazard in the operation of de
vices, shall be supplied by a circuit that is protected by standard over
current devices of a rating not greater than 15 amperes, except that 
for ratings of 2 amperes or less special types of enclosed fuses may 
be used. 

Order 13-3858. Grounding-Switchboard Frames. 

Switchboard frames and structures supporting switching equipment 
shall be grounded, except that frames of direct-current single-polarity 
switchboards need not be grounded if effectively insulated. 
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Order 13-3859. Grounding of Instruments, Relays, Meters and Instru
ment Transformers on Switchboards. 

Instruments, relays, meters and instrument transformers located on 
switchboards shall be grounded as specified in Orders 13-2621 to 
13-2625. . 

PANELBOARDS 

Order 13-3881. Number of Ovel'currellt Devices on One Panelboard. 
Not more than 42 overcurrent devices of a righting and appliance 

branch circuit panelboard shall be installed in anyone cabinet 01' 

cutout box. 

Order 13-3882. Overcurrent Protection. 
Except as installed for services as in paragraph A~3 of Order 

13-2371, a panelboard supplied by conductors having overcurrent pro
tection greater than 200 amperes shall be protected on the supply side 
by overCUl'l'ent devices having a rating not greater than that of the 
panelboard. Snap switches rated at 30 amperes or less and employed 
in panelboards shall have overcurrent protection not in excess of 200 
amperes. 

Order 13-3883. Panelboards in Damp or Wet Locations. 
Panelboards in damp or wet locations shall be installed in con

formity to Orde1' 13-3732. 

Order 13-3884. Enclosure. 
Panelboards shall be mounted in cabinets or cutout boxes. 

Order 13-3885. Relative Arrangement of Switches and Fuses. 
Panelboards having switches on the load side of any type of fuses 

shall not be installed except for use as service equipment as provided 
in Order 13-2375. 

SECTION 13-390. PREFABRICATED BUILDINGS 

Order 13-3901. Scope. 
The intent and purpose of the following orders is to define 

approved methods for the wiring of prefabricated building sections, 
panels, or units designed for later erection or assembly as integral 
parts of buildings whether wired in the process of manufacture or at 
the site of erection or assembly. 

Order 13-3902. Wiring Methods. 
Only wiring methods recognized in this code shall be used. 

Order 13-3903. Code Provisions to Apply, 
The provisions of this code shall apply for the type of wiring method 

used and the type of construction emploYl'd. 
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Chapter 4. Equipment for Genel'al Use 

SECTION 13-400. FLEXIBLE CORDS 

Order 13-4001. General. 
Flexible cords shall be suitable for the conditions of use and location. 

Order 13-4002. Types. 
Cords of the several types shall conform to the descriptions of 

Table 31 of Chapter 10. Types of flexible cords other than those listed 
in Table 31, and other uses for types listed in the table, shall be the 
subject of special investigations and shall not be used before being 
approved. 

Order 13-4003. Use. 
Flexible cord may be used only for (1) pendants; (2) wiring of fix

tures; (3) connection of portable lamps, tools, or appliances; (4) ele
vator cables; (5) wiring of cranes and hoists; (6) for the connection 
of stationary equipment to facilitate their interchange; or (7) to pre
vent the transmission of noise or vibration. Flexible cord shall not be 
used (a) as a substitute for the fixed wiring of a structure; (b) where 
run through holes in walls,ceilings, or floors; (c) where run through 
doorways, windows, or similar openings; (d) where attached to build
ing surfaces; or (e) where concealed behind building walls, ceilings 01' 

floors. 

Order 13-4004. Splices. 
Flexible cord shall be used only in continuous lengths without splice 

OT tap. 

Order 13-4005. Show-Windows and Show-.Cases. 
Flexible cords used in show-windows or in show-cases shall be of 

Type S, SO, SJ, SJO, ST, SJT, SU, SUO 01' AFS, except for the wiring 
of chain fixtures, and for supplying current to portable lamps and 
other merchandise for exhibition purposes. 

Order 13-4006. Minimum Size. 
Flexible cords shall not be smaller than No. 18, except that tinsel 

cords, or cords having equivalent characteristics, of smaller size may 
be approved for use with specific appliances. 

Order 13-4007. Insulation-Over 300 Volts. 
If the voltage between any two conductors exceeds 300, but does not 

exceed 600, flexible cord of No. 10 and smaller shall have rubber 01' 

thermoplastic insulation on the individual conductors at least 3/64 
inch in thickness, unless Type S, SO, ST, SU, 01' SUO cord is used. 
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Order 13-4008. Ovel'cul'rent Protection. 
Flexible cords not smaller than No. 18, and tinsel cords, or cords 

having equivalent characteristics, of smaller size approved for use 
with specific appliances, shall be considered as protected against over
current by the ovel'current devices described in Order 13-2403. Cords 
shall be not smaller than required by Table 3, Chapter 10, for the 
rated current of the appliance. 

Order 13-4009. Pull at Joints and Terminals. 
Flexible cords shall be so connected to devices and to, fittings that 

hmsion will not be transmitted to joints or terminal screws. This shall 
be accomplished by a knot in the cord, winding with tape, by a special 
fitting designed for that purpose, or by other equivalent means. 

SECTION 13-410. LIGHTING FIXTURES, LAMPHOLDERS, 
LAMPS, RECEPTACLES AND ROSETTES 

GENERAL 
Order 13-4101. Scope. 

Lighting fixtures, lampholders, pendants, receptacles, and rosettes, 
incandescent filament lamps, arc lamps, electric discharge lamps, the 
wiring and equipment .forming part of such lamps, fixtures and light
ing installations shall conform to Orders 13-4102 to 13-4216 inclusive, 
except as otherwise provided in this code. 

Order 13-4102. Application to Other Sections. 
Equipment for use in hazardous locations shall conform to Section 

13-500. 

Ordel' 13-4103. Live Parts. 
Fixtures, lampholders, lamps, rosettes and receptacles, shall have 

no live parts normally exposed to contact, except in the case of cleat
type lampholders, receptacles and rosettes which are located at least 
8 feet above the floor. Lampholders, receptacles and switches which 
have exposed accessible terminals shall not be installed in metal fix
ture canopies or in open bases of portable table or floor lamps. 

PROVISIONS FOR FIXTURE LOCATIONS 

Order 13-4111. Fixtures in Damp, Wet or Corrosive Locations. 
Fixtures installed in damp or wet locations shall be of vaportight 

or other types approved for such locations and shall be so constructed 
or installed that water cannot enter or accumulate in wireways, lamp
holders or other electrical parts. Fixtures installed in corrosive loca
tions shall be of a type approved for such locations. 

Order 13-4112. Fixtures Near Combustible Material. 
Fixtures shall be so constructed, or installed, or equipped with 

shades or guards that combustible material will not be subjected to 
temperatures in excess of 90C (194F). 
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Order 13-4113. Fixtures Over Combustible Material. 
Lampholders installed over specially combustible material shall be 

\. of the un switched type and unless individual switches are provided, 
shall be located at least 8 feet above the floor, or shall be otherwise 
so located 01' guarded that the lamps cannot be readily removed or 
damaged. 

Order 13-4114. Fixtures in Show-windows. 
No externally wired fixture other than of the chain type shall be 

used in a show-window. For use of cords in show-windows, see Order 
13-4005. 

Order 13-4115. Fixtures in Clothes Closets. 
Fixtures in clothes closets shall be installed on the ceiling or on the 

wall above the door. Pendants shall not be installed in clothes closets. 

PROVISIONS AT FIXTURE OUTLET BOXES, CANOPIES 
AND PANS 

Order 13-4121. Space for Conductors. 
Canopies and outlet boxes taken together 'shall provide adequate 

space so that fixture conductors and their connecting devices may be 
propel'ly installed. 

Order 13-4122. Temperature Limit of Conductors in Outlet Boxes. 
Fixtures shall be of such construction or so installed that the con

ductors in outlet boxes will not be subjected to temperatures greater 
than that for which the conductors are approved. 

Order 13-4123. Outlet Boxes to be Covered. 
In a completed installation, each outlet box shall be provided with 

a cover unless covered by means of a fixture canopy, lampholder, 
receptacle, rosette, or similar device. 

Order 13-4124. Covering of Combustible Material at Outlet Boxes. 
Any ~ombustible wall or ceiling finish exposed between the edge of 

a fixture canopy or pan and an outlet box shall be covered with non
combustible material. 

Order 13-4125. Connection of Fixtures. 
In general, fluorescent fixtures when supported independently of the 

outlet box shall be connected through metal raceways or armored con
ductors. This requirement may be waived when cord-equipped fixtures 
are suspended directly below the outlet box and the exposed cord is 
not subject to strain or mechanical injury. 

FIXTURE SUPPORTS 

Order 13-4131. Support-General. 
Fixtures, lampholders, rosettes, and receptacles shall be securely 

supported. A fixture which weighs more than 6 Ibs. or exceeds 16 
inches in any dimension shall not be supported by the screw sUell of 
a lampholder. 
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Order 13-4132. Means of Support. 
Where there is an outlet box, a gas pipe, or a fitting which wiII 

provide adequate support, a fixture shall be attached thereto; other
wise a jixture shall be supported as required by Order 13-3707. A 
fixture which weighs more than 50 Ibs. shall be supported independ
ently of the outlet box. 

WIRING OF FIXTURES 

Order 13-4141. Fixture Wiring-General. 
Wiring on or within fixtures shaH be neatly arranged and not ex

posed to mechanical injury. Excess wiring shall be avoided. Conduc
tors shaH be so arranged that they wiII not be subjected to tempera
tures above those for which they are approved. 

Order 13-4142. Conductor Size. 
Fixture conductors shall not be smaller than No. 18. 

Order 13-4143. Conductor Insulation. 
Fixtures shall be wired with conductors having insulation suitable 

for the current, voltage, and temperature to which the conductors wiII 
be subjected. 'Where fixtures are installed in damp, wet, or corrosive 
locations, conductors shall be of a type approved for such locations. 
For current carrying capacity of fixture wire, see Table 3, Chapter 10. 
For maximum operating temperature and voltage limitation of fixture 
wires, see Order 13-3102. 

Order 13-4144. Conductors for Special Conditions. 
Fixtures provided with mogul base screw-shell lampholders and 

operating at not more than 300 volts between conductors shall be 
wired with Type AF fixture wire. Fixtures provided with other than 
mogul base screw-shell lampholders and operating at not more than 
300 volts between conductors shaH be wired with Type AF fixture 
wire or Type AFC, AFPO, or AFPD flexible cord; except that where 
temperatures do not exceed 90C (194F) Type CF fixture wire or Type 
CFC, CFPD, or CFPO flexible cord may be used. Where temperatures 
do not exceed 60C (140F) Type T thermoplastic wire and Type TF 
and TFF fixture wire, Type R rubber-covered wire, Type RF-64, 
RF-32, FF-64, FF-32, RUF and RUFF fixture wire may be used, in
cluding use in fixtures of decorative type on which lamps of not over 
60 watt rating are used in connection with imitation candles. 

Order 13-4145. Conductors for Movable Parts. 
Stranded conductors shaIl be used on chain fixtures and other mov

able parts. Conductors shall be so arranged that the weight of the 
fixture or movable parts wiII not put a tension on the conductors. 

Order 13-4146. Pendent Conductors for Incandescent Filament Lamps. 
Pendent lampholders with -permanently attached leads, if used in 

other than festoon wiring, shall be hung from separate stranded 
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rubber-covered conductors which are soldered directly to the circuit 
conductors but supported independently thereof. Such pendent conduc
tors shall be not smaller than No. 14 for heavy-duty or medium-base 
screw-shell lampholders, nor, except for approved Christmas tree and 
decorative lighting outfits,smaller than No. 18 for intermediate-, or 
candelabra-base lampholders. If the pendent conductors are longer 
than 3 feet, they shall be twisted together. 

Order 13-4147. Protection of Conductors. 
Conductors shall be secured in a manner that will not tend to cut or 

abrade the insulation. Conductors shall be protected from abrasion 
where they pass through metal. Exposed flexible cord or fixture wire 
shall not be used to supply permanently installed fixtures in show 
cases or wall cases. 

Order 13-4148. Conductor Protection at Lampholders. 
Where a metal lampholder is attached to a flexible cord, the inlet 

shall be equipped with an insulating bushing which, if threaded, shall 
not be smaller than nominal % inch pipe size. The edges of the bush
ing shall be rounded and all inside fins removed in order to pro~ide a 
smooth bearing surface for the conductors. 

Bushings having holes /'Z inch in diameter are suitable for use with 
plain pendent cord and holes H inch in diameter with reinforced cord. 

Order 13-4149. Connections, Splices and Taps. 
Fixtures shall be so installed that the connections between the fix

ture conductors and the circuit conductors may be inspected without 
requiring the disconnection of any part of the wiring, unless the fix
ture is connected by means of a plug and receptacle. Splices and taps 
shall not be located within fixture arms or stems. No unnecessary 
splices or taps shall be made within or on a fixture. For approved 
means of making connections, see Order 13-1118. 

Order 13-4150. Fixture Raceways. 
Fixtures shall not be used as a raceway for circuit conductors unless 

the fixtures meet the requirements of approved raceways, except that 
the conductors of a single branch circuit may be carried through an 
installation of fixtures approved for end to end assembly to form a 
continuous raceway. 

Individual fixtures of all types which are coupled, butted, telescoped, 
or connected together with metal raceways not over eighteen (18) 
inches in length, shall be considered as a single fixture. 

Order 13-4151. Polarization of Fixtures. 
Fixtures shall be so wired that the screw-shells of lampholders will 

be connect6)d to the same fixture or circuit conductor or terminal. For 
polarity identification of conductors to screw-shells of lampholdel's, 
see Order 13-2004. 
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LAMPHOLDERS 

Order 13-4156. Lampholders, Screw-Shell Type. 
Lampholders of the screw-shell type shall be installed for use as 

lampholders only. 

Order 13-4157. Double-pole Switched Lampholders. 
Where used on unidentified 2-wire circuits tapped from the un

grounded conductors of multi-wire circuits, the switching device of 
lampholders of the switched type shall simultaneously disconnect both 
conductors of the circuit. See Order 13-2007. 

Order 13-4158. Lampholders in Damp or Wet Locations. 
Lampholders installed in damp or wet locations shall be of the 

weatherproof type. 

RECEPTACLES 

Order 13-4161. Rating and Type. 
Receptacles installed for the attachment of portable cords shall be 

rated at not less than 15 amperes, 125 volts, 01' 10 amperes, 250 volts, 
and shall be of a type not suitable for use as lampholders. 

Order 13-4162. Receptacles in Floors. 
Receptacles located in floors shall be enclosed in floor 'boxes espe

cially approved for the purpose, except where such receptacles are 
located in elevated floors of show windows or other locations free 
fum mechanical injury, moisture and dirt, the standard approved type 
of flush l'eceptable box may be used. 

Order 13-4163. Receptacles in Damp or Wet Locations. 
Receptacles installed in damp or wet locations shall be of the 

weatherproof type. 

ROSETTES 

Order 13-4165. Approved Types. 

Fusible rosettes shall not be installed. Separable rosettes which 
make possible a change in polarity shall not be used. For construction 
specifications see Order 13-94104. 

Order 13-4166. Rosettes in Damp or Wet Locations. 
Rosettes installed in such locations shall be of the weatherproof 

type. 

CONSTRUCTION 

Order 13-4171. Combustible Shades and Enclosures. 

Adequate airspace shall be provided between lamps and shades 01' 

other enclosures of combustible material. 
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Order 13-4172. Portable Handlamps. 
Handlamps of the portable type supplied through flexible cords shall 

be of the molded composition or other type approved for the purpose. 
Brass-shell paper-lined lampholders shall not be used. Handlamps 
shall be equipped with a handle. Where subject to mechanical damage 
or where lamps may come in contact with combustible material, 
handlamps shall be equipped with a substantial guard attached to the 
lampholder or the handle. 

For Garages see Order 13-5108. 

Order 13-4173. Marking. 
All fixtures requiring ballasts or transformers shall be plainly 

marked with their electrical rating and the manufacturer's name, 
trade-mark or other suitable means of identification. The electrical 
rating shall include the voltage, frequency, and shall indicate the cur
rent rating of the unit including the ballast, transformer or auto
transformer. 

SPECIAL PROVISIONS FOR FLUSH AND RECESSED FIXTURES 

Order 13-4176. Approved Type. 
Fixtures which are installed in recessed cavities in walls or ceilings 

shall be of an approved type and shall conform to Orders 13-4177 to 
13-4180 inclusive. 

Order 13-4177. Temperature. 
Fixtures shall be so constructed or installed that adjacent com

bustible material will not be subjected to temperatures in excess of 
90C (194F). Where a fixture is recessed in fire-resistanf material in a 
building of fire-resistant construction, a temperature higher than 90C 
{194F), but not higher than 150C (302F) is acceptable if the fixture 
is plainly marked that it is approved for that service. 

Order 13-4178. Clearance. 

Recessed portions of enclosures, other than at points of support, 
shall be spaced at least lh inch from combustible material. 

Order 13-4179. Wiring. 
Conductors having insulation suitable for the temperature encoun

tered shall be used. Fixtures having terminal connections which oper
ate at temperatures higher than 60C (140F) shall have circuit con
ductors as described in A or B below: 

A. Branch circuit conductors having an insulation suitable for 
the temperature encountered may be run directly to the fixture. 

B. Tap connection conductors having an insulation suitable for 
the temperature encountered shall be run from the fixture terminal 
connection to an outlet box placed at least one foot from the fix
ture. Such a tap shall extend for at least four feet but not more than 
Rix feet and shall be in a suitable metal raceway. 
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Order 13-4180. Construction. 
For the construction of flush and recessed fixtures, see Order 

13-94105. 

SPECIAL PROVISIONS FOR ELECTRIC DISCHARGE LIGHTING 
SYSTEMS OF 1,000 VOLTS OR LESS 

Order 13-4181. General. 
Equipment for use with electric discharge lighting systems and de

signed for an open-circuit voltage of 1,000 volts or less shall be of a 
type appl'oved for such service. In addition to complying with the gen
eral l'equirements for lighting fixtures, such equipment shall conform 
to Orders 13-4182 to 13--4187 inclusive. Transformers of the oil-filled 
type shall not be used. The terminals of an electric discharge lamp 
shall be considered as alive if any lamp terminal is connected to a 
potential of more than 300 volts. 

Order 13-4182. Direct-current Equipment. 
Fixtures shall be installed on alternating-current circuits only, un

less the fixtures are equipped with auxiliary equipment and resistors 
especially designed and approved for direct-eurrent operation and the 
fixtures are so marked. 

Order 13-4183. Voltages-Dwelling Occupancies. 
Equipment having an open-circuit voltage of more than 1,000 volts 

shall not be installed in dwelling occupancies. Equipment having an 
open-eircuit voltage of more than 300 volts shall not be installed in 
dwelling occupancies unless such equipment is so designed that there 
shall be no exposed live parts when lamps are being inserted, in place, 
or being removed. 

Order 13-4184. Fixture Mounting'. 
Fixtures having exposed ballasts 01' transformers shall be so in

stalled that such ballasts or transformers shall not be in contact with 
combustible material. 

Order 13-4185. Auxiliary Equipment Not Integral With Fixture. 
Auxiliary equipment, including reactors, capaeitors, resistors, and 

similar equipment, where not installed as part of a lighting fixture 
assembly shall be enclosed in aceessible, permanently-installed metal 
cabinets. Such separate equipment should be installed close to the 
lamps to keep the conductors between lamps and auxiliaries as short 
as possible. Where display cases are not permanently installed no por
tion of a secondary circuit may be included in more than a !'lingle case. 

Order 13-4186. Auto-transformers. 
An auto-transformer which is used as part of a ballast for supply

ing lighting units and which raises the voltage to more than 300 volts 
shall be supplied only by a grounded system. 

Order 13-4187. Hwitches. 
Snap switches shall conform to Order IB-B814. 
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SPECIAL PROVISIONS FOR ELECTRIC DISCHARGE LIGHTING 
SYSTEMS OF~MORE THAN 1,000 VOLTS 

Order 13-4191. General. 
Equipment for use with electric discharge lighting systems and 

designed for an open-circuit voltage of more than 1,000 volts shall be 
of a type approved for such service. In addition to complying with the 
general requirements for lighting fixtures, such equipment shall con~ 
form to Order 13-4191 to Order 13-4203 inclusive. The terminal of an 
electric discharge lamp shall be considered as alive when any " terminal 
is connected to a potential of more than 300 volts. 

For signs and outline lighting, see Section 13-600. 

Order 13-4192. Control. 
Fixtures or lamp installations shall be controlled either singly or 

in groups by an externally-operable switch or circuit-breaker which 
will open all ungrounded primary conductors. The switch or circuit
breaker shall be located within sight of the fixtures or lamps, or it 
may be located elsewhere if it is provided with means for locking in 
the open position. 

Order 13-4193. Switches. 
Snap switches shall conform to Order 13-3814. 

Order 13-4194. Transformer Ratings. 
Transformers and ballasts shall have a secondary open-circuit volt

age of not more than 15,000 volts with an allowance 'on test of 1,000 
volts additional. The secondary current rating shall not be more than 
240 milliamperes. When the open circuit voltage is more than 7,500 
volts, the secondary current rating shall not be more than 120 milli
amperes. 

Order 13-4195. Transformer Type. 
Transformers shall be of an approved enclosed type. Transformers 

of other than the askarel filled or air-cooled type shall not be used. 

Order 13-419,6. Transformer Secondary Connections. 
The high-voltage windings of transformers shall not be connected 

in series or in parallel, except that for two transformers each having 
one end of its high-voltage winding grounded and connected to the 
enclosure, the high-voltage windings may be connected in series to 
form the equivalent of a mid-point grounded transformer. The 
grounded ends shall be connected by an insulated conductor not 
smaller than No. 14. 

Order 13-4197. Location of Transformers. 
Transformers shall be accessible after installation. The transform

ers should be installed as near to the lamps as practicable to keep the 
secondary conductors as short as possible. Transformers shall be so 
lo!!ated that adjacent combustible materials will not be subjected to 
temperatures in excess of 90C. 
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Order 13-4198. Wiring Method, :-iecondary CQndllctors. 

Appl'ol'ed gas-tube sign cable suitable for the voltage of the circuit 
shall be used. For installation of conductors see Order 13-6031. 

Order 13-4199. Transformer Loading. 

The lamps connected to any transformer shall be of such length and 
characteristics as not to cause a condition of continuous over-voltage 
on the transformer. 

Order 13-4200. Lamp Supports. 

Lamps shall be adequately supported as required in Order 13-6033. 

Order 13-4201. Mechanical Injm·y. 

Lamps shall not be located where normally exposed to mechanical 
injury. 

Order 13-4202. Lamp Terminals and Lampholders. 

Parts which must be removed for lamp replacement shall be hinged 
or fastened by an approved means. Lamps or lampholders 01' both 
shall be so designed that there shall be no exposed live parts when 
lamps are being inserted or are being removed, as proirided in Order 
13-6011. 

Order 13-4203. Marking. 

Each fixture or each secondary circuit of tubing having an opell
circuit voltage of more than 1,000 volts shall have a clearly legible 
marking in letters not less than lA, inch high reading "Caution _____ _ 
volts." The voltage indicated shall be the rated open-circuit voltage. 

ARC LAMPS 

Order 13-4205. General. 

Arc lamps used in theatres shall conform to Order 13-5284, and 
arc lamps used in projection machines shall conform to Order 13-5431. 
Arc lamps used on constant-current systems shall conform to Order 
18-7104. 

GROUNDING 
Order 13-4211. General. 

Fixtures and lighting equipment shall be grounded as provided in 
Orders 13--4212 to 13-4216 inclusive. 

Order 13-4212. Metallic Wiring Systems. 

Metal fixtures installed on outlets wired with grounded metal race
way 0'1' grounded armored cable shall be grounded. 

Order 13-4213. Non-metallic Wiring Systems. 

Metal fixtures installed on outlets wired with knob-and-tube work, 
or non-metallic sheathed cable, on circuits operating at 150 volts 01' 

less to ground, shall be grounded except as follows: 
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1. l<'ixtures mounted on metal or Illetal lath ceilings or walls may 
be insulated from their supports and from the metal lath by the use of 
insulating joints or fixture supports and canopy insulators. See Order 
13-4215. 

2. Fixtures not mounted on metal or metal-lath ceilings or walls 
need be neither insulated nor grounded. See Order 13-4215. 

Fixtures made of Insulating materials, and lampholders with shells 
of insulating material, are recommended for use with wiring systems 
that do not afford a ready means for grounding the exposed noncurrent
carrying parts of fixtures and lampholders. 

Ot'der 13-4214. Equipment of More Than 150 Volts to Ground. 
Metal fixtures, transformers and transformer enclosures on circuits 

operating at more than 150 volts to ground shall be grounded. Other 
exposed metal parts shall be grounded unless they are insulated from 
g'round and other conducting surfaces and are inaccessible to unquali
fied persons, except that lamp tie wires, mounting screws, clips and 
decorative bands on glass lamps spaced not less than 1% inches from 
lamp terminals need not be grounded. 

Order 13-4215. Fixtures, Lampholders and Receptacle Plates Near 
Grounded Surfaces. 

Ungrounded metal lighting fixtures, lampholders and face plates 
shall not be installed within 8 feet vertically or 5 feet horizontally of 
laundry tubs, bath tubs, shower baths, plumbing fixtures, steam pipes 
or other grounded metal work or grounded surfaces. Metal pull chains 
used at these locations shall be provided with inSUlating links. 

Order 13-4216. Methods of Grounding. 
Equipment shall be considered as grounded when mechanically con

nected in a permanent and effective manner to metal raceway, the 
armor of armored cable, the grounding conductor in non-metallic 
sheathed cable, a separate grounding conductor not smaller than No. 
14, or to gas piping, provided that the raceway, armor, grounding 
conductor, or gas pipe is grounded in a manner specified in Section 
13-250. 

SECTION 13-422. APPLIANCES 

Oi'der 13-4221. Scope. 
This section shall apply to electPk appliances used in any occupancy. 

Order 13-4222. Branch Circuit Required. 
Every appliance shall be supplied by a branch circuit of one of the 

types specified in Section 13-210. Motor operated appliances shall also 
conform-tO-the-requirements-of-Swtion 1-3-4gQ.---- ----- ---

See Table 29 of Chapter 10 for the conductors of a household rang-e 
hranch circuit. 
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INSTALLATION OF APPLIANCES 

Order 13-4231. Insulation of Cords. 
Flexible cords used to connect heating appliances shall comply with 

the following: 
A. Appliances Requi1'ing Heater Cords. Flexible cords used to con

nect smoothing irons, or to connect portable electrically heated appli
ances rated at more than 50 watts and which produce temperatures in 
excess of 120C (250F) on surfaces with which the cord is liable to be 
in contact, shall be one of the types of approved heater cords listed in 
Table 31, Chapter 10. 

B. Other Heating Appliances. All other portable electrically heated 
appliances shall be connected by one of approved types of cord listed 
in Table 31, Chapter 10, selected in accordance with the usage specified 
in that table. 

Order .13-4232. Insulation of Appliances. 
Portable appliances shall be provided with an adequate dielectric 

interposed between current carrying parts and those external surfaces 
which persons can touch, except for toasters, grills 01' other heating 
appliances in which the current carrying parts at high temJ.}erature 
are necessarily exposed. In locations where the dielectric is exposed to 
mechanical injury, it shall be suitably protected. 

Order 13-4233. Portable Immersion Heaters. 
Electric heaters of the portable immersion type shall be so con

structed and installed that current carrying parts are effectively insu
lated from \electrical contact with ·the substance in which immersed. 
The authority enforcing this code may make exception of special appli
cations of apparatus where suitable precautionary measures are 
followed. 

Order 13-4234. Protection of Combustible Material. 
Each electrically heated appliance that is obviously intended by 

~ize, weight and service to be located in a fixed position shall .be so 
placed as to provide ample protection between the appliance and adja
cent combustible material. 

Order 13-4235. Stands for Portable Appliances. 
Each smoothing iron and other portable electrically heated appliance 

which is intended to be applied to combustible material shall be 
equipped with an approved stand, which may be a separate piece of 
equipment 01' may be a part of the appliance. 

Order 13-4236. Signals for Heated Appliances. 

In other than residence occupancies, each electrically heated appli
Ullce, or group of electrically heated appliances, intended to be applied 
io combustible material, shall be installed in connection with a signal 
unless the appliance is provided with an integral temperature limiting 
device. 
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Order 13-4237. Infra-Red Lamp Industrial Heating Appliances. 
Infra-red heating lamps rated at 300 watts or less may be used 

with lampholders of the medium-base unswitched porcelain type, 01' 

other types approved for the purpose. Screw-shell lamp holders shall 
not be used with infra-red lamps over 300 watts rating unless the 
lampholders are especially approved for the purpose. These lamphold
ers may be connected to any of the branch circuits of Section, 13-210 
and, in industrial occupancies, may be operated in series on circuits of 
more than 150 volts to ground provided the voltage rating of the 
lampholders is' not less than the circuit voltage. 

Each section, panel or strip carrying a number of infra-red lamp
holders (Including the internal wiring of such section, panel or strip) 
is considered an appliance. The terminal connection block of each such 
assembly is deemed an individual outlet. 

Order 13-4238. Grounding. 
Metal frames of portable and stationary electrically heated appli

ances, operating on circuits above 150 volts to ground, shall be 
grounded in the manner specified in Section 13-250; provided,how
ever, that where this is impracticable, grounding may be omitted by 
special permission, in which case the frames shall be permanently and 
effectively insulated from the ground. 

It is recommended that the frame be grounded in all cases. For 
methods of grounding frames of electric ranges see Orders 13-2557 and 
13-2560. 

CONTROL AND PROTECTION OF APPLIANCES 

Order 13-4241. Disconnecting Means •. 
Each appliance shall be provided with a means for disconnection 

from all ungrounded conductors as follows: 
A. Portable Appliances. For portable appliances (including house

hold ranges) a separable connector or an attachment plug and recep
tacle may serve as the disconnecting means. The rating of a receptacle 
01' ofa separable connector shall not be less than the rating of any 
appliance connected thereto, except that demand factors authorized 
elsewhere in this code may be applied. Attachment plug caps and con
nectors shall conform to the following: 

1. Live Parts. They shall be so constructed and installed as .to 
guard against inadvertent contact with live parts. 

2. Interrupting Capacity. They shall be capable of interrupting 
their rated current without hazard to the operator. 

3. Interchangeability. They shall be so designed that they will not 
fit into receptacles of lesser rating. 

For household electric ranges, a plug and receptacle connection at 
the rear base of a range, if It is accessible from the front by removal 
of a drawer, is considered as meeting the intent of this rule. 

B. Stationary Appliances. For stationary appliances rated at not 
over 300 volt amperes or Va horsepower, the branch-circuit over
current device may serve as the disconnecting means. For stationary 
appliances of greater rating the ))l'anch-circuit switch or circuit-
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breaker may, if readily accessible to the user of the appliance, serve 
as the disconnecting means. 
. C. Unit Switches. Switches which are a part of an appliance shall 
not be considered as taking the place of the, single disconnecting 
means required by this order unless there are other means for dis
connection as follows: 

1. Multi-Family Dwellings. In multi-family (more than two) 
dwellings, the disconnecting means shall be within the apartment, 01' 

on the same floor as the.apartment in which the appliance is installed, 
and may control lamps and other appliances. 

2. Two-Family Dwellings. In two-family dwellings, the discon
neqting means may be outside of the apartment in which the appli" 

. ance is installed. This will permit an individual switch for the apart
ment to be used. 

3. Single-Family Dwellings. In single-family dwellings, the serv
ice disconnecting means may be used. 

4. Other Occupancies. In other occupancies, the branch-circuit 
switch 01' circuit-breaker, if readily accessible to the user of the appli
ance, may be used for this purpose. 

D. Switch M' Circuit-BreakC1' to Be Indicatfnu. Switches or circuit
breakers used as disconnecting means shall be of the indicating type. 

E. Motor-Driven Appliances. A switch 01' circuit-breaker which 
serves as the disconnecting means for a stationary motor-driven 
appliance of more than % horsepower shall be located within sight of 
the motor controller 01' shall be capable of being locked in the open 
position. 

Order 13-4242. Overcurrent Protection. 
Appliances, other than such motor-operated appliances as are re

quired by Section 13-430 to have additional overcurrent protection, 
shall be considered as protected against overcurrent when supplied by 
one of the circuits of Section 13-210 and in accordance with the re
quirements therein specified. A range, hot plate, 01' similar appliance 
with surface heating elements, and having a rating of more than 70 
amperes, shall have two or more subdivided circuits, each provided 
with qvercurrent protection not exceeding 50 amperes. Infra-red lamp 
heating appliances shall have ovel'<;urrent protection not exceeding 50 
amperes. 

Order 13-4243. Automatic Flatirons. 
It is recommended that electrically heated smoothing irons be 

equipped with an approved temperature limiting device. 

MARKING OF APPLIANCES 

Order 13-4261. Name Plate. 
Each electric appliance shall be provided with a name plate, giving 

the maker's name and the normal rating in volts and amperes, 01' in 
volts and watts. 

Note: The name plate shall be in a place where it will be accessible 
when equipment is in use, 
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Order 13-4262. Marking of Heal.ing ElementH. 
Individual heating elements which are a part of an electric appliance 

containing more than one heating element shall each be legibly marked 
with normal rating in volts and amperes, or in volts and watts. 

SECTION 13-430. MOTORS AND CONTROLLERS 

GENERAL 
Order 13-4301. General. 

It is intended that the following general provisions shall cover all 
provisions for motors and controllers which do not properly fall into 
the other divisions of this section. 

Order 13-4302. Application of Other Requirements. 
Motors and controllers shall also comply with the provisions of the 

following: 
Auto-transformers _______________________________________ Order 13-2003 
Capacitors _______________________________________________ Order 13-4608 
Cranes and Hoists _____________________________________ Section 13-610 
Elevators ______________________________________________ Section 13-620 
Garages _________________________________________________ Orde~ 13-5103 
Hazardous Location ______________ .:. ____________________ Section 13-500 
Machine Tools _-' _______________________________________ Section 13-670 
Motion-picture Projectors ______________________ Orders 13-5411, 13-5416 
Motion-picture Studios _________________________ Orders 13-5310, 13-5311 
Organs __________ ~ _______________________________________ Ordel' 13-6503 
Resistors and Reactors ________________________________ Sectlon 13-470 
Theaters ________________________________________________ Order 13-5246 

Order 13-4303. Overheating From Dust Accumulations. 
In locations where dust or flying material will colle~t on or in 

motors in such quantities as to seriously interfere with the ventilation 
or cooling of motors, and thereby cause dangerous temperatures, suit
able types Qf enclosed motors which wrll not overheat under. the pre
vailing eonditions, .shall be used. Especially severe conditions may re
quire the use of enclosed pipe ventildted motors, or enclosure in 

---separate dust-tight rooms, properly ventUated from a source Qf clean 
air. 

Order 13-4304. Idci~tification of Motors.' 
A-m-otOl'-shall be provided with a name-plate which shall give the 

maker's name, the rating in volts and amperes, including those of the 
secondary if a wound-rotor type of motor, the normal full-load speed 
and the interval during which it can operate at full load starting cold, 
before reaching its rated temperature. The time interval shall be 5, 
15, 30, or 60 minutes, or continuous. For a motor rated at % horse
power or larger, the horsepower, shall be marked, except that the 
motors of arc-welders and sealed (hermetic type) refrigeration com
pressor motors may be marked in amperes. Sealed (hermetic type) 
refrigeration compressor motors which are not marked in horsepower 
shall be marked with the full-load current and the locked rotor cur
rent in amperes. A motor provided with a protective device integral 
with the motor (see Order 13-4322), shall have a marking which will 
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so indicate. For an alternating current motor rated at % horsepower 
or larger, except a polyphase wound-rotor motor, the name-plate shall 
be marked with a code letter to show its input in kilovolt-amperes 
with locked rotor, selected from the table given in Order 13-94304, 
Chapter 9. 

The code letter Indicating motor Input with locked l'otor must be in 
an individual block on the name-plate, properly identified. This code 
letter is to be used for determining branch-circuit over-current protec
tion by reference to Table 26, Chapter 10, as provided in Order 13-4342. 

Order 13-4305. Identification of Controllers. 
A controller shall be marked with the maker's name or identification 

symbol, the voltage, the current or horsepower rating, and such other 
data as may be needed to properly indicate the motors for which it is 
suitable. 

Where a controller is built in as an integral part of a motor or of a 
motor-generator set, the controller need not be individually marked 
Rince the necE'ssary data must be on the motor nameplate. 

Order 13~4306. Identification of Terminals. 
Terminals of motors and controllers shall be suitably identified, as 

by marking or color, where necessary to indicate the proper connec
tions. 

Order 13-4307. Wiring Space in Enclosures. 
Enclosures for controllers and disconnecting means for motors shall 

110t be used as junction boxes, troughs, or raceways for conductors 
feeding through or tapping off to other apparatus unless designs are 
employed which provide adequate space for this purpose. 

Order 13-4308. Enclosures. 
Suitable guards or enclosures shall be provided to protect exposed 

current carrying parts of motors and the insulation of motor leads 
where installed directly under equipment, or in other locations where 
dripping or spraying oil, water, or other injurious liquid may occur, 
unless the motor is designed for the existing conditions. 

01'der 13-4309. CI\rrent-Carrying Capacities. 
Whenever the current rating of a motor is used to determine the 

current-carrying capacity of conductors, switches, branch-circuit OV'lr
current devices, etc., the values given in Tables 21 to 24 of Chapter 10, 
including footnotes, shall be used in lieu of actual current rating 
marked on the motor nameplate. Motor running overcurrent protec
tion shall be based on the motor nameplate current rating. If a motor 
is marked in amperes, but not horsepower, the horsepower rating 
shall be assumed to be that corresponding to the value given in Tables 
21 to 24, prorated if necessary. 

Order 13-4310. Location of Motors. 
Motors shall be located so that maintenance such as lubrication of 

bearings and replacing of brushes can be readily accomplished. Open 
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motol's having commutators or collector rings shall be located or pro
tected so that sparks cannot reach adjacent combustible materiaL 
This does not prohibit the installation of these motors on wooden floors 
or supports, 

SIZE OF CONDUCTORS FOR MOTOR CIRCUITS 

Order 13-4311. General. 
It is the intent of the following provisions to specify sizes of con

ductors capable of carrying the motor current without overheating 
under the conditions specified. 

Order 13-4312. Individual Motor •. 
Branch-circuit conductors supplying an individual motor shall have 

a carrying capacity not less than 125 per cent of the motor full-load 
current rating; provided, that conductors for motors used for short
time, intermittent, periodic, or varying duty may have a carrying 
capacity not less than the percentage of the motor name-plate cur
rent rating as shown in the following table, unless the authority 
enforcing the code grants spe~ial permission for conductors of smaller 
size. 

Classification of ServicQ 

Short-Time Duty 
Operating valves, raising or lowering rolls. etc. ____________________________ _ 

Intermittent 'Duty 
Freight and passenger elevators. tool 
heads. pumps. drawbridges. turntables. 
single-opprator arc welders for manuai 

pori~~~n~:~. __ -- ----- -- ---- --- --- -----
Rolls. ore and coal-handling machines. etc. 

Vlirying duty __________________________ _ 

Percentages of Name-Piate Current Rating 
30 and 60- Con-

5- Minute 15-Minute Minute tinuous 
Rating Rating Rating Rating 

110 120 150 

" 90* 85 85 140 

85 90 95 140 
110 120 150 200 

or lower at thp- discretion of the 
authorities enforcing the reguiations. 

The conductors between stationary motors, rated 1 H. P. or less, 
and the separate terminal enclosures permitted in Order 13-4439B 
may be smaller than No. 14 but not smaller than No. 18, provided they 
have curre!lt-carrying capacity as specified above. 

• This figure also applies for condUctors which supply a motol'
generator single-operator arc welUer which has a 60 pel' cent duty cycle 
rating. 

Any motor Is considered to he for continuous duty unless the nature 
of the apparatus which It drives Is such that the motor will Ilot operate 
eontlnuously with load under any condition of use. 

ThQ sil':e of conductor calculated on the basis of 125 per cent of the 
motor full-load current for the more usual motor ratings is shown in 
Table 20. Chapter 10. 

For long runs. It may be necessary In order to avoW excessive voltage 
drop. to use conductors of sizes larger than the minimum si7.es given in 
Table 20. Chapter 10. 

See example No.8. Ch. 10. and Diagram No. 20. Ch. 10 
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Order 13-4313. Wound-Rotolo Secondary. 

The conductors connecting the secondary of a wound-rotor A. C. 
motor to its controller shall have a carrying capacity which is not less 
than 125 pel' cent of the full load secondary current of the motol' if for 
continuous duty. For other than continuous duty, these conductors 
shall have a carrying capacity, in pel' cent of full load secondary cur
rent, not less than that specified in the table in Order 13---4312. Where 
the secondary resistor is separate from the controllel', the carrying 
capacity of the conductors between controller and resistor shall be not 
less than that given in the following table: 

Resistor Duly Classifi('ation 

Light starting duty _________ _ 
Heavy starting duty __________ _ 
Extra heavy starting duty ___ _ 
Light intermittent duty ______ _ 
Medium intermittent duty __ _ 
Heavy intermittent duty ____ _ 
Continuous duty ______ -____ _ 

Carrying Capacity of Wire in 
rer Cent of Full Load 

Secondary Current 

35 
4ii 
;;5 
65 
75 
R5 

110 

Order 13-4314. Conductors i:ltlllplying Several Motors. 

Conductors supplying two Ot' more moton;shall have a current cur
l'ying capacity of not less than 125 pel' cent of the full load current 
rating of the highe;,t l'ated motor in the group plus the sum of the 
full load current ratings of the remainder of the motors in the group, 

See exam!)!e No, 8, Chapter 10, and DIagram No, 20, Chapter 10, 

Order 13-4315. Combination Load. 

Conductors supplying a motor load, and in addition a lighting OJ' 

appliance load as computed from Section 18-220 and othel' applicable 
orders, shall have a CUlTent carrying capacity sufficient for the lighting 
or appliance load plus the required capacity for the motor load deter
mined in accordance with Order 18-4314, 01', for a single motol', in 
accordance with Order 18-4812. 

Order 13-4316. Demand Factor. 

Where a reduced heating of the conductors results from motol'" 
operating on a duty cycle, intermittently, 01' from all motors not 
operating at one time, the authority enforcing this code may grant 
permission for feeder conductors to be of a capacity less than specified 
in the Orders 13-4814 and 13-4315, provided the conductor is of suffi
cient carrying capacity for the maximum load determined by the size,; 
and number of motors supplied and the character of their loads and 
_duties. 

MOTon OVERCURHI<;NT PROTECTION 

Order 13-4:321. General. 

The following provisions Bpeeify (Jvel'CUl'l'ent device,; illtelll!ed to i/I'O

t,'ct the motors, the motor contl'Ol apparatus, and the brunch circuit 
.'onduetol's againc:t f''Xc('ssiY(~ heating clu" to motor oY('l'lmHlN. 
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Order 13-4322. Continuous Duty Motors. 
Each continuous duty motor shall be protected against running over

current as follows: 
A. More Than One HM'sepower. For a motor rated more than one 

horsepower, this protection shall be secured by the use of one of the 
following means: 

1. A separate overcurrent device which is responsive to motor 
current. This device shall be rated or set at not more than 125 per 
cent of the motor full-load current rating for motors marked to have 
a temperature l'ise not over 40C, and at not more than 115 per cent 
for all other types of motors. This value may be modified as permit
ted by Order 13-4324, 

2. A protective device integral with the motor which is responsive 
to motor current 01' to both motor current and temperature. This de
vice must be approved for use with the motor which it protects on the 
basis that it will interrupt current to the motor when the motor is 
operated in an ambient temperature of 40C and with overcurrent 
of the percentage values given in paragraph 1 of this order. This 
value may be modified as permitted by Order 13-4324. If the motor 
current interrupting device is separate from the motor and its co1'.
trol circuit is operated by a protective device integral with the 
motor, it must be so arranged that the opening of the control circuit 
will result in interruption of current to the motor. 

B. One HorsepowM' 01' Less, Manwxlly Sta1'ted. Any motor of one 
horsepower or less which is manually started and which is within 
sight from the starter location, shall be considered as protected 
against overcurrent by the overcurrent device protecting the con
ductors of the branch circuit. This branch circuit overcurrent device 
shall not be larger than that specified in Table 20, Chapter 10, except 
that any such motor may be used at 125 volts or less on a branch 
circuit protected at 20 amperes. Any such motor which is out of sight 
from the stalter location shall be protected as specified in paragraph 
C for automatically started motors. . 

A distance of more than 50 feet is considered equivalent to being 
out of sight. 

C. One Horsepower 01' Less, Automat·ically StMted. Any motor of 
one horsepower or less which is started automatically shall be pro
tected against overcurrent by the use of one of the following means: 

1. A separate over current device which is responsive to motor 
current. This device shall be rated or set at not more than 125 per 
cent of the motor full-load current rating for motors marked to have 
a temperature rise not over 40C, and at not more than 115 per cent 
for all other types of motors. This value may be modified as per
mitted by Order 13-4324. 

2. A protective device integral with the motor which is responsive 
to motor current or to both motor current and temperature. This de
vice must be approved for use with the motor which it protects on the 
basis that it will prevent dangerous overheating of the motor due to 
overload or failure to start. If the motor current interrupting device 
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is separate from the motor and its control circuit is operated by a 
protective device integral with the motor, it must be so arranged that 
the opening of the control circuit will result in interruption of cur
rent to the motor. 

3. If part of an approved assembly which does not normally sub
ject the motor to overloads and which is also equipped with other 
safety coiltrols (such as the safety combustion controls of a domestic 
oil burner) which protect the motor against damage due to stalled 
rotor current. Where such protective equipment is used it shall be 
indicated on the name-plate of the assembly where it will be visible 
after installation. 

4. If the impedance of the motor windings is sufficient to prevent 
overheating due to failure to start, the motor may be protected as 
specified in paragraph B for manually started motors. 

Many aitel'nating-cul'l'ent motors of less than 1/20 horsepower, such 
as clock motors, series motol's, etc" and also some lal'gel' motors such 
as torque motol's, ('.ome within this classification, It does not include 
split-phase motors having' automatic switches to disconnect the starting 
windings, 

D. WOIt?ld-R'oto1' Secondwl'ie::;. The secondary circuits of wound
rotor alternating-current motors, including conductors, controllers, 
resistors, etc., shall be considered as protected against overcurrent 
by the motor-running' over-current device. 

Order 13-4323. Intermittent and Similal' Duty. 
A motor used for a condition of service which is inherently short 

time, intermittent, periodic, or varying duty (as illustrated by the table 
in Order 13-3412) is considered as protected against overCUl'1'ent by 
the branch circuit overcurr.ent device, provided the over current protec
tion does not exceed that specified in Tables 26 and 27, Chapter 10. 

Any lllotOI' i~ con~idel'eil to ue fol' coutinuous duty unless the natul'e of 
the !lJlpal'at us ",h1<'11 it dl'iYes is sUt'h that the motol' cannot operate 
contlnuousl~' with luad lInd"I' !lny condition of Ust', 

Order 13-4324. Selection of Size of Protective Device. 
Where the values specified for motor-running overcurrent pl'otection 

do not ,correspond to the standard sizes 01' ratings of fuses, non
adjustable circuit-breakers, thermal cutouts, thermal relays, the heat
ing elements of thermal trip motor switches, or possible settings of 
adjustable circuit-breakers adequate to carry the load, the next higher 
size, rating or setting may be used, but not higher than 140 pel' cent 
of the full-load current rating of motors marked to have a tempera
ture rise not over 40C and not higher than 130 per cent of the full
loud current l'ating for all other motors. If not shunted during the 
"tul'ting period of the motor (see Order 13-4325), the protective de
vice shall have sufficient time delay to permit the motor to start and 
accelerate its load. 

Order 13-4325. Sbunting During Starting Period. 
If the motor is manually sturted (including sturting with a lllag

llPtic HtHl'tf'l' hHying push-buttoll control), the running O\'PI'(,UI'I'f'llt 
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protection may be shunted or cut out of circuit during the starting 
period of the motor, provided the device by which the ovel'current pro
tection is shunted or cut out cannot be left in the starting position, 
and the motor shall be considered as protected against overcurrent 
during the starting period if fuses or time-delay circuit-breakers 
rated or set at not over 400 pel' cent of the full-load current of the 
motor, are so located in the circuit as to be operative during th.~ 
starting period of the motor. The motor-running· overcurrent pr0tec
tion shall not be shunted or cut out during the starting period jf tlw 
motor is automatically started. 

Order 13-4326. Fuses-In Which Conductor. 
If fuses are used for motor-running protection, a fuse ~hall be in

serted in each ungrounded conductor, except that a fusc shall also be 
inserted in a grounded conductor under the circumstances set forth 
in the note following Order 13-4327 for circuits supplied by wye
delta or delta-wye connected transformers. 

Order 13-4327. Devices Other Than Fuses-In Which Conductor. 
If devices other than fuses are used for motor running protection, 

the following table shall govern the minimum allo\\'able number and 
location of overcurrent units such as trip coils, relays, 01' thermal 
cutouts. 

Kind of Motor 

l-phase A.C. 
or D.C. 

l-phase A.C. 
or D.C. 

l-phase A.C. 
or D.C. 

2-phase A.C. 
2-phase A.C. 

2-phase A.C. 

2-phase A.C. 

a-phase A.C. 
a-phase A.C. 

a-phase A.C. 

a-phase A.C. 

Supply System 

2-wire, 1 phase A.C. or D.C. 
ungrounded 

2-wire, 1 phase A.C. or D.C., 
one conductor grounded 

a-wire, l-phase A.C. or D.C., 
grounded-neutral 

a-wire, 2-phase A.C., ungrounded 
a-wire, 2-phase A.C., one 

conductor grounded 
4-wire, 2-phase A.C. grounded or 

ungrounded 
a-wire, 2-phase A.C., grounded 

neutral or ungrounded 
a-wire, a-phase A.C., ungrounded 
a-wire, a-phase A.C., one 

conductor grounded 
a-wire, a-phase A.C grounded

neutral 
4-wire, a-phase A.C. grounded

neutral or ungrounded 

Number and location of over
<,urrent units, su('h as trip coilss 

relays or thermal cut-outs 

1 in either conductor 

1 in ungrounded conductor 

1 in either ungrounded conduct.or 

2, one in each phase 
2 in ungrounded conductors 

2. one per phase in ungrounded 
conductors 

2, one per phase in any ungrounded 
phase wire 

*2 in any 2 conductors 
*2 in ungrounded conductors 

*2 in any 2 conductors 

*2 in any 2 conductors, except the 
neutral 

*Note. In the case of distrihution .ystems supplying wye-delta or delta-wye connected 
transformers (having the wye neutral point in the primary ungrounded or not connected to the 
circuit) the authority enforcing this code may require that three running overcurrenL units be 
provided for the protection of three-phase 3-wire motors, if Held experience in the territory of 
the authority indICates that a third unit is desirable because of motor winding failures at times 
of primary single phase failures, unlp-ss the motors are otherwise adequately protected. 

Order 13-4328. Number of Conductors Disconnected by Ovel'current 
Device. 

Motor-running protective devices, uther than fuses 01' thel'mal cut
outs, shall simultaneously disconnect a sufficient number of UIl

g"rounded conductors to interrupt CUl'l'l'nt flow to the motor. 
It is recommended that all ungrounded con.lul'lors be openeu if devil'as 

.'apnhle of accomplishing this are a\'nllahh'. 
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Order 13-4329. Motor Controller as Running Protection. 
A motor controller may also serve as the running overcurl'ent device 

if the number of overcurrent units complies with the foregoing Order 
13-4327; and if these overCUl'l'ent units are operative in both the start
ing and running position in the case of a D. C. motor, and in the run
ning position in the case of an A. C. motor. 

Order 13-4330. Thermal Cutouts and Relays. 
Thermal cutouts, thermal relays, and other devices for motor run

ning protection which are not capable of opening short circuits, shall 
be protected by fuses or circuit-breakers with ratings or settings of 
not over 4 times the rating of the motor for which they are designed, 
unless approved for group installation, and marked to indicate the 
maximum size of fuse by which they must be protected. 

Order 13-4331. Rating of Protective Device. 
Motor l'unning overcurrent devices other than fuses shall have a 

rating of at least 115 per cent of the full load current rating of the 
motor. 

Order 13-4332. With Lamps or Receptacles. 
Overcul'rent protection for motors used on bl'anch circuits which 

also supply lamps or receptacles, as permitted in Section 13-210, shall 
be provided as follows: 

A. One or more motors without individual overCUl'l'ent protection 
may be connected to the branch circuits described in Section 13-210 
only when the limiting conditions specified for each of two or more 
motors in paragraph A of Order 13-4343 are complied with. 

E. Motors of larger ratings than specified in paragraph A of 
Order 13-4343 may be connected to the branch circuits described in 
Section 13-210 only if provided with individual running overcurrent 
protection selected to protect the motor as specified in Order 13-4322. 
Both the controller and the motor-running overcurrent device shall be 
approved for group installation with the protective device of the 
branch circuit to which the motor is connected. 

C. If a motor is connected to a branch circuit by means of a plug 
and receptacle, and individual overcurrent protection is omitted as 
provided in paragraph A, the rating of the plug and receptacle .shall 
not exceed 15 amperes at 125 volts or 10 amperes at 250 volts. If in
dividual overcurrent protection is required as provided in paragraph B 
for a motor or motor-operated appliance provided with an attachment 
plug for attaching to the branch circuit through a receptacle, the run
ning overcurrent device shall be an integral part of the motor or of 
the appliance. The rating of the plug and receptacle shall be assumed 
to determine the rating of the circuit to which the moto)' may be con
nected, as provided in Section 13-210. 

D. The overcurrent device protecting a branch circuit to which a 
motor 01' motor-operated appliance is connected shall have sufficient 
time delay to permit the moto~' to start and accelerate its load. 



148 

Order 13-4333. Automatic Restart.ing. 
A motor-running protective device which can restart a motor auto

matically after overcurrent tripping shall not be installed unless 
approved for use with the motor which it protects. A motor which can 
restart automatically after shutdown shall not be installed so that its 
automatic restarting can result in injury to persons. 

MOTOR-BRANCR-CIRCUIT OVERCURRENT PROTECTION 

Order 13-4341. General. 
The following provisions specify overcurrent devices intended to 

protect the motor branch circuit conductors, the motor control appa
ratus, and the motors against overcuJ.1l'ent due to short circuits or 
grounds. They are in addition to or amendatory of the provisions of 
Section 13-240. 

Order 13-4342. Rating or Setting for Individual Motor. 
The motor branch circuit overcurrent device shall be capable of 

carrying the starting current of the motor. Overcurrent protection 
shall be considered as being obtained when this overcurrent device has 
a rating or setting not exceeding the values given in Tables 26 or 27, 
Chapter 10; provided that where the overcurrent protection specified in 
the table is not sufficient for the starting current of the motor, it may 
be increased, but shall in no case exceed 400 per cent of the motor 
full load current. 

Fuse ratings calculated on this basis are given in columns 7, 8, 9 and 
10 of 'Pai)!e 26, ehapter 10. 

See Elxample No.8, Chapter 10, and Diag'l'am No. 20, Chapter 10. 

Order 13-4343. Several Motors on One Branch Circuit. 
Two or more motors may be connected to the same branch circuit 

under the following conditions: 
A. Two or more motors each not exceeding 1 horsepower in rat

ing and each having a full-load rated current not exceeding 6 a:m
peres, may be used on a branch circuit protected at not more than 20 
amperes at 125 volts or less, or 15 amperes at 600 volts or less. Indi
vidual running overcurrent protection is unnecessary for such motors 
unless required by the provisions of Order 13-4322. 

B. Two or more motors of any ratings, each having individual 
running overcurrent protection, may be connected to one branch cir
cuit provided all of the following conditions are complied with: 

1. Each motor-running overcurrent device must be approved 
for group installation. 

2. Each motor controller must be approved for group install a-
tion. 

3. The branch circuit must be protected by fuses having a rat
ing equal to that specified in Order 13-4342 for the largest motor con
nected to the branch circuit plus an amount equal to the sum of the 
full load current ratings of all other motors connected to the circuit. 
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4. The branch circuit fuses must not be larger than allowed by 
Order 13-4330 for the thermal cutout or relay protecting the smallest 
motor of the group. 

5. The conductors of any tap supplying a single motor need 
not have individual branch circuit protection, provided they comply 
with either of the following: (1) no conductor to the motor shall have 
a current carrying capacity less than that of the branch circuit con
ductors, or (2) no conductor to the motor shall have a current
carrying capacity less than one-third that of the branch circuit con
ductors, with a minimum in accordance with Order 13-4312; the 
conductors to the motor. running protective device being not more 
than 25 feet long and being protected from mechanical injury. 

Order 13-4344. Combined ·Overcurrent Protection. 
Motor branch circuit overcurrent protection and motor running 

overcurrent protection may be combined in a single overcurrent device 
if the rating or setting of the device provides the running overcul'rent 
protection specified in Order 13-4322. 

Orcre; 13-4345. Ovel'current Devices-In Which Conductor. 

Overcurrent devices shall comply with the provisions of Order 
13-2405. 

Order 13-4346. Capacity of Fuseholder. 

If fuses are used for motor-branch-circuit overCUl'1'ent protection, 
the fuseholders shall not be of a smaller size than required to accom
modate the fuses specified by Table 20; except that when appropriate 
fuses for the starting characteristics of the motor are used, fusehold
ers of smaller size than specified in Table 20 may be used. 

Order 13-4347. Rating of Circuit-Breaker. 
Circuit-breakers for motor branch circuit protection shall have a 

continuous current rating of not less than 115 per cent of the full load 
current ratings of the motors. 

Order 13-4348. Feeder Taps in Inaccessible Location. 
If the location of a tap to the feeder conductors is not accessible, the 

motor branch circuit overcurrent device may be placed where it will 
be accessible, provided the conductors between the tap and the over
current device have the same current carrying capacity as the feeder; 
or provided they have a current carrying capacity of at least ]/:I that 
of the feeder and are not more than 25 feet long (where feeders are 
at a greater elevation, this distance may be increased to 50 feet) and 
are protected from mechanical injury. 

Order 13-4349. Selection or Setting of Protective Device. 
JfthEl values_for branclLcircuiLprotective-devices given in Table 26 

or Table 27 do not correspond to the standard sizes or ratings of 
fuses, non-adjustable circuit-breakers, or thermal devices, or possible 
settings of adjustable circuit-breakers adequate to carry the load, the 
next higher size, rating or setting may be used. 

- - - --
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MOTOR FEEDER OVERCURRENT PROTECTION 

Order 13-4361. General. 
The following provisions specify overcurrent devices intended to pro

tect feeder conductors supplying motors against overcurrents due to 
short circuits or grounds. 

Order 13-4362. Rating or Setting-Motor Load. 
A feeder which supplies motors shall be provided with overcurrent 

protection which shall not be greater than the largest rating or set
ting of the branch circuit protective device, for any motor of the group 
(based on Tables 26 and 27, Chapter 10), plus the sum of the full load 
currents of the other motors of the group. 

If two or more motors of equal horsepower rating are the largest In 
the group. one of these motors should be considered as the largest for 
the above calculations. 

If two or more motors of a group must be started simultaneously. It 
may be necessary to install larg'er feeder conductors and correspond
Ingly larger ratings or settings of feeder overcurrent protection. 

See Example No.8. Chapter 10. and Diagram No. 20. Chapter 10. 

Order 13-4363. Rating or Setting-Power and Light Loads. 
If a feeder supplies a motor load, and in addition a lighting or a 

lighting and appliance load, the feeder overcurrent protective device 
may have a rating or setting sufficient to carry the lighting or the 
lighting and appliance load as determined in accordance with Sections 
13-210 and 13-220, plus, for a single motor, the rating permitted by 
Order 13-4342; and, for two or more motors, the rating permitted by 
Order 13-4362. 

REMOTE CONTROL CIRCUITS 

Order 13-4371. General. 
The following deviations from the general requirements in this code 

are intended to provide for the peculiar conditions governing remote 
control circuits. 

Order 13-4372. Overcurrent Protection. 
Conductors of control circuits of remote controlled equipment shall 

be protected against overcurrent in accordance with Order 13-2403, 
paragraph G, except that such conductors shall be considered as being 
properly protected by the branch circuit overcurrent devices under 
anyone of the following conditions: 

A. If the rating 01' setting of the branch circuit overcurrent device 
is not more than 500 pel' cent of the carrying capacity of the control 
circuit conductors. 

B. If the controlled device and the point of control (start and 
stop buttons, pressure switch, thermostatic switch, etc.) are both 
located on the same machine and the control circuit does not extend 
beyond the machine. 

C. If the opening of the control circuit would create a hazard; as 
for example, the control circuit of fire pump motors, and the like. 
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Order 13-4373. Mechanical Protection of Conductor. 
Where damage to a remote control circuit would constitute a hazard, 

all conductors of such remote control circuit shall be installed in con
duit or be otherwise suitably protected from mechanical injury outside 
the control device itself. 

It is recommended that control circuits be HO a1'l'anged that an acci
dental ground will not start the motor. 

Order 13-4374. Switching. 
Control circuits shall be so arranged that they will be disconnected 

from aU sources of supply when the disconnecting means specified in 
Order 13-4406 is in the open position. The disconnecting means may 
consist of two separate devices, one of which disconnects the motor 
and the controller from the source of power supply, and the other, the 
control -circuit from its power supply. If two separate devices are 
used they should be located immediately adjacent one to the other. If 
a transformer or other device is used to obtain a reduced voltage for 
control circuits, such transformer or other device shall be connected 
to the load side of the disconnecting means. 

MOTOR CONTROLLERS 

Fot' the purpose of this section, the term "controller" includes any 
Hwitch or device normally used to stal·t and stop the motor. 

Order 13-4381. General. 
The following provisions are intended to require suitable controllers 

for all motors. 
See Diagram- No. 20, Chapter 10. 

Order 13-4382. Suitability. 
Each controller shall be capable of starting and stopping the motor 

which it controls, and for an alternating current motor shall be capable 
of interrupting the stalled rotor current of the motor. 

Order 13-4383. Rating. 
The controller shall have a horsepower rating, which shall not be 

lower than the horsepower rating of the motor, except as follows: 
A. Stationary Motor of % Horsepower or Less. For a stationary 

motor rated at % horsepower or less, that is normally left running and 
is so constructed that it cannot be damaged by overload or failure to 
start, such as clock motors and the like, the branch circuit overcurrent 
device may serve as the controller. 

B. Stationary Motor of 2 Horsepower or Less. For a stationary 
'motor rated at 2 horsepower or less, and 300 volts or less, the con
troller may be a general use switch having an ampere rating at least 
twice the full load current rating of the motor. 

C. Portable Motor of % Horsepower or Less. For a portable motor 
rated at % horsepower or less, the cOlltro/l"l' may be an attachment 
plug and receptacle. 
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D. Circuit-Breaker as Controller. A branch circuit, circuit-breaker, 
rated in amperes only, may be used as a controller. When this circuit
breaker is also used for overcurrent protection, it shall conform to the 
appropriate provisions of this section governing overcurrent protection. 

Order 13-4384. Need Not Open All Conductors. 
Except when it serves also as a disconnecting means (see Order 

13-4407), the controller need not open all conductors to the motor. 

Order 13-4385. In Grounded Conductors. 
One pole of the controller may be placed in a permanently grounded 

conductor provided the controller is so designed that the pole in the 
grounded conductor cannot be opened without simultaneously opening 
all conductors of the circuit. 

Order ;13-4386. In Sight from the Controller Location. 
A motor and its driven machinery shall be within sight from the 

controller location unless one of the following conditions is complied 
with: 

A. The controller or its disconnecting means is capable of being 
locked in the open position. 

B. A manually-operable switch, which will prevent the starting 
of the motor, is placed within sight from the motor location. This 
switch may be placed in the remote-control circuit of a remote-control 
type of switch. 

A distance of more than 50 feet is considered equivalent to being 
out of sight. 

C. Special permission is given by the authority enforcing this 
code. 

D. As otherwise specified in S~ction 13-500 of this code. 

Order 13-4387. Number of Motors Served by Each Controller. 
Each motor shall be provided with an individual controller, except 

that for motors of 600 volts or less a single controller may serve a 
group of motors under anyone of the following conditions: 

A. If a number of motors drive several parts of a single machine 
or piece of apparatus such as metal and wood-working machines, 
cranes, hoists, and similar apparatus. 

B. If a group of motors is under the protection of one overcurrent 
device as permitted in paragraph A of Order 13-4343. 

C. If a group of motors is located in a single room within sight 
from the controller location. 

A distance of more than GO feet is considered equivalent to being 
out of sight. 

Order 13-4388. Adjustable Speed Motors. 
Adjustable speed motors, if controlled by means of fil;!ld regulation, 

shall be so equipped and connected that they cannot be started under 
weakened field, unless the motor is designed for such starting. 
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Order 13-438~. Speed Limitation. 
M;achines of the following typt's shall be provided with ;;peed limit

ing devices, unless the inhert'nt charactt'J'istics of the machines, tht' 
system, or the load and the mechanical connection thereto, nre such as 
to safely limit the speed, or unless the machine is alway~ under, the 
manual control of a qualified operator. -

A. Separately exrited direct current motors. 
B. Series Motors. 
C. Motor generators and converters which can be driven at exces

sive speed from the direct current end, as by a reversal of current or 
decrease in load. 

Order 13-4390. Fuseholder Rating. 

The rating of a combination fuseholder and switch used as a motor 
controller shall be such that the fuseholder will accommodate the size 
of fuse specified in Table 20, Chapter 10 for motor running protection. 

DISCONNECTING MEANS 

Order 13-4401. General. 

The following provisions specify disconnecting means for motors 
and controllers capable of disconnecting them from the circuit. 

See Diagram No. 20, Chaptf'r 10. 

Order 13-4402. Type. 

The disconnecting means shall be a motor-circuit switch, rated in 
horsepower, or a circuit-breaker, except as permitted in the follow
ing paragraphs A, B, C, D, or E. Every switch in the motor branch 
circuit within sight from the controller location shall comply with 
these requirements. 

A distance of mOl'e than GO fpel is t'()n~i(h'I't'<l t'tjllivHlelll (0 beillg' 
ollt of sight. 

A. One-Eighth HM'serpower 01' Less. For stationary motors of II>! 
horsepower or less, the branch-circuit overcurrent device may serve 
as the disconnecting means. 

B. Two Horsepower M' Less. For stationary motors rated at 2 
horsepower 01' less and 300 volts or less, the disconnecting means may 
be a general-use switch having an ampere rating at least twice the 
full-load current rating of the motor. 

C. Over Two Horsepowe1' to and Includi-n,q 50 H01·seJlOwe·r. The 
separate disconnecting means required for a motor with a compen
sator type of controller may be a general-use switch if all of the 
following provisions are complied with: 

1. The motor drives a generator which is provided with over
current protection. 

2. The compensator (1) is capable of interrupting the stalled
rotor current of the motOl', (2) is provided with a no-voltage release, 
and (3) is provided with running-overcurrent protection llOtexceeo
ing 125 pel' cent of the motor full-load current rating. 
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3. Separate fuses or a circuit-breaker, rated or set at not more 
than 150 per cent of the motor full-load current, are provided in the 
motor branch circuit. 

D. Exoeeding 50 Horsepower. For stationary motors rated at more 
than 50 horsepower, the disconnecting means may be a motor-circuit 
switch also rated in amperes, a general-use switch, or an isolating 
switch. 

It Is recommended that isolating switches for motors exceeding 50 
horsepower, not capable of Interrupting stalled-rotor currents, be 
plainly marked "Do not open under load". 

E. Portable Mot01'S. For portable motors an attachment plug and 
receptacle may serve as the disconnecting means. 

Order 13-4403. Carrying Capacity. 
The disconnecting means shall have a carrying capacity of at least 

115 per cent of the name plate current rating of the motor. 

Order 13-4404. Grounded Conductors. 
One pole of the disconnecting means may be placed in a permanently 

grounded conductor if the disconnecting means is so designed that the 
pole in the grounded conductor cannot be opened without simultane
ously disconnecting all conductors of the circuit. 

Order 13.,..4405. To Be Indicating. 
The disconnecting means shall plainly indicate whether it is in the 

open or closed position. 

Order 13-4406. To Disconnect Both Motor and Controller. 
The disconnecting means shall disconnect both the motor and the 

controller from all ungrounded supply conductors. The disconnecting 
means may be in the same enclosure with the controller. 

Order 13-4407. Switch or Circuit-Breaker as Both Controller and Dis
connecting Means. 

A switch or circuit-breaker complying with the provisions of Order 
13-4383 may serve as both controller and disconnecting means if it 
opens all ungrounded conductors to the motor,is protected by an over
current device (which may be the branch circuit fuses) which opens 
all ungrounded conductors to the switch or circuit-breaker, and is one 
of the following types: 

A. An air-break switch, operable directly by applying the hand 
to a lever or handle. . 

B. A circuit-breaker operable directly by applying the hand to a 
lever or handle. 

C. An oil switch used on a circuit whose rating does not exceed 
600 volts or 100 amperes, or on a circuit exceeding this capacity if 
under expert supervision and by special permission. 

The oil switch or circuit-breaker specified above may be both power 
and manually operable. If power operable, provision should be made to 
lock It·in the open position. 
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The overcurrent device protecting the controller may be part of the 
controller assembly or may be separate, 

A compensator type of controller is not included above and will 
require a separate disconnecting means, 

Order 13-4408. Service Switch as Disconnecting Means. 
If an installation consists of a single motor, the service switch may 

serve as the disconnecting means, provided it conforms to the require
ments of this section, and is within sight of the controller . 

.A distance of more than GO feet is considered equivalent to' being 
out of sight, 

Order 13-4409. In Sight of Controller. 
The disconnecting means shall be located in sight from the con

troller or be arranged to be locked in the open position. 
A distance of more than 50 feet is considered equivalent to being 

out of sight. 

Order 13-4410. Motors Served by a Single Disconnecting Means. 
Each motor shall be provided with individual disconnecting means, 

except that for motors of 600 volts or less a single disconnecting means 
may serve a group of motors under anyone of the following condi
tions. The disconnecting maans serving a group of motors shall have 
a rating not less than is required by Order 13-4402 for a single motol' 
whose rating equals the sum of the horsepowers or currents of all the 
motors of the group. 

A. If a number of motors drive several parts. of a single machine 
or piece of apparatus such as' metal and woodworking machines, 
cranes, and hoists. 

B, If a group of motors is under the protection of one s'et of over
current devices as permitted by paragl'aph A of Order 13-4343. 
, C. If a group of motors is in a single room within sight from the 
location of the disconnecting means . 

.A distance of more than 50 feet is considered equivalent to being 
out of sight. 

Order 13-4411. Readily Accessible. 
The disconnecting means shall be l'eadily accessible, 

REQUIREMENTS FOR OVER 600 VOLTS 

Order 13-4421. General. 
The following provisions l'ecognize the additional hazard due to the 

use of high voltage. They are in addition to or amendatory of the other 
provisions of this section, Other requirements for circuits and equip
ment operating at more than 600 volts are in Section 13-710. 

Order 13-4422. More Than 7500 Volts. 
Motors operating at more than 7500 volts between conductors shall 

be installed in fire resistive motor rooms. 
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Order 13-4423. Motor Overcul'l'ent Protection. 
Running overcurrent protection for a motor of over 600 volts shall 

consist either of a circuit-breaker, or of overcurrent units integral with 
the controller which shall simultaneously open all ungrounded con
ductors to the motor. The overcurrent device shall have a setting as 
specified elsewhere in this section for motor running protection. 

Order 13-4424. Circuit OVeI'current Protection. 
Each motor branch circuit and feeder of more than 600 volts shall 

be protected against overcurrent by one of the following means: 
A. A circuit-breaker of suitable rating so arranged that it can 

be serviced without hazard. 
B. Fuses of the oil-filled or other suitable type. Fuses shall be 

used with suitable disconnecting means or they shall be of a type 
which can also' serve as the disconnecting means. They shall be so 
arranged that they cannot be re-fused or replaced while they are 
energized. The ratings of fuses shall be limited to the values permit
ted by Order 13-7143. 

Order 13-4425. Disconilecting Means. 
The circuit-breaker or the fuses specified in Order 13-4424 may con

stitute the disconnecting means if they conform to the other appli
cable requirements of this section. 

PROTECTION OF LIVE PARTS-ALL VOLTAGES 

Order 13-4431. General. 
The following provisions specify that live parts shall be protected 

in a manner judged adequate to the hazard involved. 

Order 13-4432. Where Required. 

Exposed live parts of motors and controllers operating at 50 volts or 
'more between terminals, except for stationary motors having com
mutators, collectors and brush rigging located inside of motor end 
brackets and not conductively connected to supply circuits operating at 
more than 150 volts to ground, shall be guarded against accidental 
contact by enclosure, or by location as follows: 

A. By installation in a room or enclosure which is accessible only 
to qualified persons; 

B. By installation on a suitable balcony, gallery or platform, so 
elevated and arranged as to exclude unqualified persons; 

C. By elevation 8 feet or more above the floor; 
D. So that it will be protected by a guard rail when the motor 

operates at 600 volts or less. 

Order 13-4433. Guards for Attendants. 
If the live parts of motors or controllers operating at more than 150 

volts to ground are guarded against accidental contact only by location 
as specified in Order 13-4432, and if adjustment or other attendance 
lllay be nee('~sal'y dUl'ing the operation of the apparatus, suitable imm-
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lating mats or platforms shall be provided so that the attendant can
not readily touch live parts unless standing on the mats or platforms. 
Where necessary, steps and handrails should be installed on or about 
large machines to afford safe access to parts which must be examined 
or adjusted during operation. 

GROUNDING 

Order 13-4435. General. 
The following provisions specify the grounding of motor and con

troller frames to prevent a potential above ground in the e"ent of 
accidental contact between live parts and frames. Insulation, isolation, 
or guarding are suitable alternatives for motors under certain con
ditions. 

Order 13-4436. Stationary Motors. 
The frames of stationary motors shall be grounded if any of the 

following conditions exist: 
A. If supplied by means of metal clad wiring. 
B. If located in a wet place and not isolated or guarded. 
C. If in a hazardous location. (See Section 13-500). 
D. If. the motor operates with any terminal at more than 150 volts 

to ground. 
Grounding of the motor frame is preferable, but if the frame of the 

motor is not grounded, it shall be permanently and effectively insu
lated from the ground. 

Order 13-4437. Portable Motors~ 

The frames of portable motors which operate at more than 150 volts 
to ground shall be guarded or grounded. See paragraph C of Order 
13-2545 on g170unding of portable appliances in other than residential 
occupancies. 

It is recommended that the frames of motors which operate at less 
than 150 volts to ground be grounded if this can be readily accomplished. 

See paragraph B of Order 13-2559 for color of grounding conductor. 

Order 13-4438. Controllers. 
Controller cases, except those attached to ungrounded portable 

equipment and except the lined covers of snap switches, shall be 
grounded regardless of voltage. 

Order 13-4439. Method of Grounding. 

Grounding where required shall be done in the manner specified in 
Section 13-250. 

A. Grounding Th?'ough Terminal Housings. If the wiring to fixed 
motors is in armored cable or metal raceways, junction boxes to house 
motor terminals shall be provided. These housings shall be of ample 
size to properly make connections, they shall be of substantial metal 
construction, and the armor of the cable or the metal raceways shall 
be connected to them in the manner specified in Section 13-250. 
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B. Separation of Junction Box from Motor. The junction box re
quired by paragraph A may be separated from the motor not more 
than 6 feet provided the leads to the motor are armored cable or 
armored cord or are stranded leads enclosed in flexible or rigid conduit 
or electrical metallic tubing not smaller than % inch electrical trade 
size, the armor or raceway being connected both to the motor and to· 
the box. If stranded leads are used, protected as specified above, they 
shall not be larger than No. 10, and shall comply with other require
ments of the code for conductors to be used in raceways. 

SECTION 13-445. GENERATORS 

Order 13-4451. Location. 
Generators shall be located in dry places and also so as to meet the 

requirements for motors in Order 13-4310. Generators installed in haz
ardous locations as described in Section 13-500, or in other locations 
as described in Sections 13-510, 13-520, and 13-530, shall also comply 
with the provisions of those sections. 

It Is recommended that waterproof covers lie provided for use In 
emergency. 

Order 13-4452. Identification. 
Each generator shall be provided with a name plate glvmg the 

maker's name, the rating in kilowatts or kilovolt amperes, the normal 
volts and amperes corresponding to the rating, and the revolutions per 
minute. 

Order 13-4453. Drip Pans. 
Generators shall be provided with suitable drip pans if required by 

the authority enforcing this code. 

Order 13-4454. Overcurrent Protection. 
Constant potential generators, except alternating current generators 

and their exciters, shall be protected from excessive current by circuit
breakers or fuses. 

A. Two-Wire Gene1'at01's. Two-wire, direct current generators may 
have overcurrent protection in one conductor only if the over-current 
device is actuated by the entire current generated, except that in the 
shunt field. The overcurrent device shall not open the shunt field. 

B. 65 Volts or Less. Generators operating at 65 volts or less and 
driven by individual motors shall be considered as protected by the 
overcurrent device protecting the motor if these devices will operate 
when the generators are delivering not more than 150 per cent of their 
full load rated current. 

C. Balancer Sets. Two-wire, direct current generators used in con
junction with balancer sets to obtain peutials for 3-wire systems shall 
be equipped with overcurrent devices which will disconnect the 3-wire 
system in the case of excessive unbalancing of voltages or currents. 
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D. 3-Wire, Direct CU1'1'ent Gene1·uto1·S. Three-wire, direct current 
generators, whether compound or shunt wound, shall be equipped with 
overcurrent devices, one in each armature lead, and so connected as to 
be actuated by the entire current from the armature. Such overcurrent 
devices shall consist either of a double pole, double coil circuit-breaker, 
or of a 4-pole circuit-breaker connected in the main and equalizer lead,; 
and tripped by two overcurrent devices; one in each armatur~ lead. 
Such protective devices shall be so interlocked that no one pole can be 
opened without simultaneously disconnecting both leads of th~ arma
ture from the system. 

Order 13-4455. Size of Conductors. 
The conductors frtnn the generator terminals to supplied equipment 

shall have a carrying capacity not less than 115 per cent of the name 
plate current rating. Neutral conductors shall be the same size as the 
conductors of the outside legs. 

Order 13-4456. Protection of Live Parts. 
Live parts of generators of more than 150 volts to ground shall not 

be exposed to accidental contact if accessible to unqualified persons. 

Order 13-4457. Guards for Attendants. 
Where necessary for the safety of attendants the provisions of Or

der 13-4433 shall be complied with. 

Order 13-4458. Grounding. 
If a generator operates at a terminal voltage in excess of 150 volts 

to ground, the frame shall be grounded in the manner specified in Sec
tion 13-250. If the frame is not grounded, it shall be permanently and 
effectively insulated from the ground. 

SECTION 13-450. TRANSFORMERS AND TRANSFORMER 
VAULTS (Including Secondary Ties) 

Order 13-4501. Application. 
This section applies to the installation of all transformers except: 

(1) current transformers; (2) dry-type transformers which constitute 
a component part of other apparatus and which conform to the re
quirements for such apparatus; (3) transformers for use with X-ray 
and high-frequency; (4) transformers used with Class 2 remote
control, low energy power and signal circuits which shall conform to 
Section 13-725 on control circuits; (5) transformers for sign and out
line lighting which shall conform to Section 13-600; and (6) trans· 
formers for electric discharge lighting which shall conform to Section 
13-410. 

This section applies to the installation of transformers in hazardous 
locations except as modified by Section 13-500. 

See also Section 13-710, Circuits and Equipment Operating at More 
than 600 Volts Between Conductors, and Service Installations Over 600 
Volts as referred to in Section 13-230. 
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GENERAL PROVISIONS 

Order 13-4511. Location. 
They shall be located and arranged to mmlmlze possible life and 

fire hazards. The location of transformer vaults as affected by venti
lating requirements is covered elsewhere in this section. 

Order 13-4512. Overcurrent Protection. 
Overcurrent protection shall conform to the following. As used in 

this order, the word "transformer" means a transformer or a bank of 
transformers operating as a unit. 

A. P1'imar1.j Side. Each transformer shall be protected by an over
current device in the primary connection, rated or set at not more 
than 250 per cent of the rated primary current of the transformer, 
except that an individual overcurrent device is not required if the 
primary circuit overcurrent device provides the protection specified in 
this paragraph, and except as provided in paragraph B of this Order. 

B. P1'ima1'1.j and Seconda1'1.j Side. A transformer having an overcur
rent device in the secondary connection, rated or set at not more than 
250 per cent of the rated secondary current of the transformer, or a 
transformer equipped with a coordinated thermal overload protection 
by the manufacturer, is not required to have an individual overcur
rent device in the primary connection provided the primary ~eeder 
overcurrent device is rated or set to open at a current value not more 
than six times the rated current of the transformer, for transformers 
having not more than six pel' cent impedance, and not more than four 
times rated current of the transformer for transformers having more 
than six but not more than ten pel' cent impedance. 

C. Potential (Voltage T1~ansformers). Potential transformers should 
have primary fuses. The fuse rating should not exceed 10 amperes for 
circuits of 600 volts or less, and 3 amperes for circuits of more than 
600 volts. A resistor should be connected in series with high tension 
fuses if necessary to limit the possible short-circuit current to a value 
within the interrupting capacity of the fuse. 

Order 13-4513. Secondary Ties. 
As used in this order the word "transformer" means a transformer 

or a bank of transformers operating as a unit. A secondary tie is a 
circuit operating at 600 volts or less between phases which connects 
two power sources or power supply points, such as the secondaries of 
two transformers. The tie may consist of one or more conductors per 
phase. 

A. Tie Circuits. The circuits shall be provided at each end with 
overcurrent protection as required in Section 13-240 of this code, ex
cept under the conditions described in sub-paragraphs 1 and 2 of this 
order, in which cases, the overcurrent protection may be in accordance 
with sub-paragraph 3 of this order. 

1. Loads at Transformer Supply Points Only. If all loads are con
nected at the transformer supply points at each end of the tie and 
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overcul'rent protection is not provided in accordance with Section 
13-240, the rated current-carrying capacity of the tie shall be not 
less than 67 per cent of the rated secondary current of the lal'geflt 
transformer c'onnected to the secondary tie system. 

2. Loads Connected Between Transformer Supply Points. If load 
is connected to the tie at any point between tran!3former supply points 
and overcurrent protection is not provided in accordance with Section 
13-240, the rated current-carrying capacity of the tie shall be not less 
than 100 pel' cent of the rated secondary current of the largest trans
former connected to the secondary tie system' except as otherwise 
provided in sub-paragraph 4. 

3. Tie Circuit Protection. Under the conditions described in sub
paragraphs 1 and 2 of this order, both ends of each tie conductor shall 
be equipped with a protective device .which will open at a predeter
mined temperature of the tie conductor under short circuit conditions. 
This protection shall consist of the following: (1) a fusible link cable 
connector, terminal or lug, commonly known as a limiter, each being 
of a size' corresponding with that of the conductor and of approved 
construction and characteristics according to the operating voltage 
and the type of insulation on the tie conductors, or (2) automatic 
circuit-breakers actuated by devices having comparable current-time 
characteristics. 

4. Interconnection of Phase Conductors Between Transformer 
Supply Points. If the tie consists of more than one conductor pel' 
phase, the conductors of each phase shall be interconnected in order 
to establish a load supply point, and the protection specified in sub
paragraph 3 shall be provided in each tie conductor at this point, 
except as follows: 

Loads may be connected to the individual conductors of a multiple
conductor tie without interconnecting the conductors of each phase 
and without the protection specified in sub-paragraph 3 at load con
nection points provided; the tie conductors of each phase have a com
bined capacity not less than 133 per cent of the rated secondary current 
of the largest transformer connected to the secondary tie system; the 
total load of such taps does not exceed the rated secondary current of 
the largest transformer; the loads are equally divided on each phase 
and on the individual conductors of each phase as far as practicable. 

5. Tie Circuit Control. If the operating voltage exceeds 150 volts 
to ground, secondary ties provided with limiters shall have a switch at 
each end which when open will de-energize the associated tie conduc
tors and limiters. The current rating of the switch shall be not less 
than the rated current of the conductors connected to the switch. It 
shall be capable of opening its rated currerit, and it shall be con
structed so that it will not open under the magnetic forces resulting 
from short-circuit current. 

B. Overcuq'rent Protection for Secondary Connections. When sec
ondary ties are used an overcurrent device rated or set at not more 
than 250 per cent of the rated secondary current of the transformers 
shall be provided in the secondary connections of each transformer, 
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and in addition an automatic circuit-breaker actuated by a reverse
cUl'rent relay set to open the circuit at not more than the rated sec
ondary current of the transformer shall be provided in the secondary 
connection of each transformer. 

Order 13-4514. Parallel Operation. 
Transformers may be operated in parallel and protected as a unit 

if their electrical characteristics are such that they will divide the 
load in proportion to their rating. 

Order 13-4515. Guarding. 
Transformers shall be guarded as follows: 

A. Mechanical Protection. Appropriate provisions shallbe made to 
minimize the possibility of damage to transformers from external 
causes if the transformers are located where they are exposed to 
mechanical injury. 

B. Exposed Live Parts. The transformer installation shall conform 
with the provisions for "Guarding of Live Parts" in Order 13-1113. 

C. Voltage Warning. The operating voltage of exposed live parts of 
transformer installations shall be indicated by signs or visible mark
ings on the equipment or structures. 

Order 13-4516. Grounding. 
Exposed non-current carrying metal parts of transformer installa

tions including fences shall be grounded under the conditions and in 
the manner prescribed for electrical equipment and other exposed 
metal parts in Section 13-250. 

Order 13·-4517. Name-plate. 
Each transformer shall be provided with a name-plate glYlIlg the 

name of the manufacturer; rated kilovolt-amperes, frequency, primary 
and secondary voltage; and the amount and kind of insulating liquid, 
if any, if the transformer rating exceeds 25 kva. If Class B insulation 
as defined in American Standard for Transformers C 57.1 is used in 
the construction of dry-type transformers of more than 100 kva, the 
name-plate shall so indicate. 

SPECIFIC PROVISIONS APPLICABLE TO DIFFERENT 
TYPES OF TRANSFORMERS 

Order 13-4521. Dry-type Transformers Installed Indoors. 
Transformers rated 100 kva 01' less shall have a separation of at 

least 12 inches from combustible material unless separated therefrom 
by a fire-resistant heat-insulating barrier, 01' unless of a rating not 
exceeding 600 volts and completely enclosed except for ventilating 
openings. 

Transformers of more than 100 kva rating shall be installed in a 
transformer room of fire-resistant construction unless they are con
structed with Class B insulation, as defined in American Standard for 
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Transformers C 67.1, and are separated from combustible material 
not less than -6 feet horizontally and 12 feet vertically or are sepa
rated therefrom by a fire-resistant heat-insulating barrier. 

Transformers rated more than 16,000 volts shall be installed in a 
vault. 

Order 13-4522. Askarel-insulated Transformers Installed Indoors. 
Askarel-insulated transformers rated in excess of 26 kva shall be 

furnished with a pressure-relief vent. If installed in a poorly venti
lated place they shall be furnished with a means for absorbing any 
gases generated by arcing inside the case, or the pressure relief vent 
shall be coimected to a chimney or flue which will carry such gases 
outside the building. Askarel-insulated transformers rated more than 
15,000 volts shall be installed in a vault. 

Order 13-4523. Oil-insulated Transformers Installed Indoors. 
Oil-insulated transformers shall be installed in a vault constructed 

as specified in this section except as follows: 
A. Not Over 100 leva Total Capacity. The provisions for trans

former vaults specified in this section apply except that the vault may 
be constructed of reinforced concrete not less than 4 inches thick. 

B. Not OVe?' 600 Volts. A vault is not required- provided suitable 
arrangements are made where necessary to prevent a transformer oil 
fire igniting other materials, and the total transformer capacity in one 
location does not exceed 10 kva in a section of the building classified 
as combustible, or 75 kva where the surrounding structure is classified 
as fire-resistant construction. 

C. Furnace Transformers. Electric furnace transformers of a total 
rating not exceeding 76 kva may be installed without a vault in a 
building or room of fire-resistant construction if arrangements neces
sary to prevent a transformer oil fire spreading to other combustible 
material are provided. 

D. Detached Buildings. Transformers may be installed in a build
ing which does not conform with the provisions specified in this code 
for transformer vaults provided neither the building nor its contents 
presents a fire hazard to any other building or property, and provided 
the building is used only in supplying electric service and is accessible 
only to qualified persons. 

Order 13-4524. Oil-insulated Transformers Installed Outdoors. 
Combustible material, combustible buildings and parts of buildings, 

fire escapes, door and window openings shall be safeguarded from fires 
originating in oil-insulated transformers installed on, attached to, or 
adjacent to a building or combustible material. Space separations, fire
resistant barriers and enclosures which confine the oil of a ruptured 
transformer tank are recognized safeguards. One or more of these 
safeguards shall be applied according to the degree of hazard involved 
in cases where the transformer installation presents a fire hazard. Oil 
enclosures may consist of fire-resistant dikes, curbed areas or basins, 
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or trenches filled with coarse crushed stone. Oil enclosures shall be 
provided with trapped drains in cases where the exposure and the 
quantity of oil involved are such that removal of oil is important. 

PROVISIONS FOR TRANSFORMER VAULTS 

Order 13-4541. Location. 
Vaults shall be located where they can be ventilated to the outside 

air without using flues or ducts wherever such an arrangement is 
practicable. 

Order 13-4542. Walls, Roof, and Floor. 
The walls and roofs of vaults shall consist of reinforced concrete 

not less than 6 inches thick, masonry of brick not less than 8 inches 
thick, of 12-inch load-bearing hollow tile 01' 12-inch load-bearing hol
low concrete building units. The inside wall and roof surface of vaults 
constructed of hollow tile and hollow concrete building units shall 
have a coating of cement or gypsum plaster not less than %, inches 
thick. The vault shall have a concrete floor not less than 4 inches 
thick. Building walls and flo orE; which meet these requirements may 
serve for the floor, roof and one or more walls of the vault. The qual
ity of the material used in the construction of the vault !3hall be of 
the grade approved by the inspection authority having jurisdiction. 

Order 13-4543. Doorways. 
Any doorway leading from the vault into the building shall be 

protected as follows: 
A. Type of DOD? .. Each doorway shall be provided with a tight

fitting door of a type approved for openings in Class A situations as 
defined in the 1939 edition of the standard of the National Board of 
Fire Underwriters for Protection of Openings in Walls aild Partitions 
Against Fire. The authority enforcing this code may require such a 
door on each side of the wall if conditions warrant. 

B. Sills. A doorsill or curb of sufficient height to confine within 
the vault the oil from the largest transformer shall be provided and 
in no case shall the height be less than 4 inches. 

C. Locks. Entrance doors shall be equipped with locks, and doors 
shall be kept locked, access being allowed only to qualified persons. 
Locks and latches shall be so arranged that the door may be readily 
and quickly opened from the inside. 

Order 13-4544. Ventilation. 
The ventilation shall be adequate to prevent a transformer tempera

ture in excess of the values prescribed in American Standard for 
Transformers C 57.1. 

Order 13-4545. Ventilation Openings. 
Openings for ventilation shall be provided in accordance with the 

following: 



ELECTRICAL CODE-ORDER 13-4548 165 

A. Location. Ventilation openings shall be located as far away as 
possible from doors, windows, fire escapes, and combustible material. 

B. A1'1,angement. Vaults ventilated by natural circulation of air i 

may have roughly half of the total area of openings required for 
ventilation in one or more openings neal' the floor and the remainder 
in one 01' more openings in the roof or in the sidewalls neal' the roof; 
or all of the area required for ventilation may be provided in one or 
more openings in or near the roof. 

C. Size. In the case of vaults ventilated to an outdoor area without 
using ducts or flues the combined net area of all ventilating openings 
after deducting the area occupied by screens, gratings, 01' louvers, 
shall be not less than 3 square inches per kva of transformer capacity 
in service except that the net area shall be not less than 1 square foot 
for any capacity under 50 kva. 

D. Cove1'ing. Ventilation openings shall be covered with durable 
gratings, screens, or louvers, according to the treatment required in 
order to avoid unsafe conditions. 

E. Dampet's. If automatic dampers are used in the ventilation open
ings in vaults containing oil-insulated transformers, the actuating 
device should be made to function at a temperature resulting from 
fire and not at a temperature which might prevail as a result of an 
overheated transformer or bank of transformers. Care should be taken 
to avoid unintentional closing of automatic dampers. 

F. Ducts. Ventilating ducts shall be constructed of fire-resistive 
material. 

Order 13-4546. Drainage. 

If practicable, vaults containing more than 100 kva transformer 
capacity shall be provided witI]. a drain which wiII carry off any 
accumulation of oil 01' water that may collect in the vault. The floor 
shall be pitched to the drain opening .. ______ 

Order 13-4547. Water Pipes and Accessories. 

Any pipe or duct systems foreign to the electrical installation should 
not enter or pass thl:ough a transformer vault. If the presence of such 
foreign systems cannot be avoided, appurtenances thereto which re
quire maintenance at regular intervals shall not be located inside the 
vault. Al'l'angements shall be made if necessary to avoid possible 
trouble from condensation, leaks, and breaks in such foreign systems. 
Piping 01' other facilities provided for fire protection or for water
cooled transformers are not deemed to be foreign to the electrical 
installation. 

Order 13-4548. Storage in Vaults. 
Materials shall not be stored in transformer vaults. 
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SECTION 13-460. CAPACITORS 

Order 13-4601. Application of Other SectioilS. 
This section shall not apply to special capacitors constituting a com

ponent part of other apparatus and conforming with the requirements 
for such apparatus. Capacitors installed in hazardous locations shall 
comply with the provisions of this section except as modified by 
Section 13-500. 

Order 13-4602. Location. 
Capacitors shall be enclosed in vaults complying with the provisions 

of Section 13-450 unless they are askarel insulated or unless each 
unit contains not more than 3 gallons of a combustible oil. 

Order 13-4603. Mechanical Protection. 
Appropriate provisions shall be made to minimize the possibility of 

damage to capacitors from external causes if the capacitors are 
located where they are exposed to mechanical injury. 

Order 13-4604. Transformers Used with Capacitors. 
, Transformers used with capacitors shall be installed in accordance 
with Section 13-450. The kva rating shall be not less than 135 per 
cent of the capacitor kva rating. 

Order 13-4605. Drainage of Stored Charge. 
Capacitors shall be provided with a means of draining the stored 

charge. 
A. Time of Discha1·ye. The residual voltage of a capacitor shall be 

reduced to 50 volts or less within one minute after the capacitor is 
disconnected from the source of supply in the case of capacitors rated 
600 volts or less and in five minutes in the case of capacitors rated 
more than 600 volts. 

B. Means of Discha1·ye. The discharge circuit shall be either perma
nently connected to the terminals of the capacitor or capacitor bank, 
or provided with automatic means of connecting it to the terminals 
of the capacitor bank on removal of voltage from the line. Manual 
means of switching or connecting the discharge circuit shall not be 
used. The windings of motors, of transformers, or of other equipment 
directly connected to capacitors without a switch or overcurrent device 
interposed, constitutes a suitable discharge means. 

Order 13-4606. Capacitor Rating. 
The rating of capacitors which are connected on the load side of a 

motor over-current device shall not exceed the value required to raise 
the no-load power-factor of the motor to unity. Capacitors of this 
maximum rating will usually result in a full-load power-factor of 95 
to 98 per cent. The maximum capacitor ratings permitted for use with 
open-type, three-phase, sixty-cycle induction motors are given in 
Table 30, Ch. 10. 
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Order 13-4607. Capacitor Circuits. 
Capacitor circuits shall conform to the following: 
A. Conduct01' Rating. The rating of capacitor circuit conductors 

shall be not less than 135 per cent of the rated current of the capacitor. 
The rating of conductors which connect a capacitor to the terminals 
of a motor or to motor circuit conductors shall be not less than one
third the rating of the motor circuit conductors 01' the rating shall be 
determined as explained above if this method gives a greater value. 

B. OVM'C7W?'ent Protection. An overcurrent device shall be provided 
in each ungrounded conductor, except that an overcurrent device is 
not required for a capacitor connected on the load side of a motor 
overcurrent device. The rating or setting of the overcurrent device 
shall be as low as practicable without causing unnecessary opening of 
the circuit. A rating or setting of 165 to 250 per cent of the rated 
current of the capacitor will be suitable under average conditions 
although the setting or rating may have to exceed 250 per cent in 
some cases. 

C. Disconnecting Means. A disconnecting device shall be provided 
in each ungrounded conductor except that a disconnecting device is 
not required for a capacitor connected on the load side of a motor 
disconnecting device. The disconnecting device need not open all un
grounded conductors simultaneously. The disconnecting device may be 
used for disconnecting the capacitor from the line as a regular operat
ing procedure. The continuous current carrying capacity of the dis
connecting device shall be not less than 135 per cent of the rated cur
rent of the capacitor. 

Order 13-4608. Rating or Setting of the Motor Overcurrent Device. 
If a motor installation includes a capacitor connected on the load 

side of the motor overcurrent device, and the overcurrent device used' 
can be adjusted as explained below, the rating or setting of the motor 
overcurrent device shall be determined as provided in Order 13-4322 
except that instead of using the full-load rated current of the motor 
as provided in that section a lower value corresponding with the im
proved power-factor of the motor circuit shall be used. The reduction 
in the full-load current required is specified in Table 30, Chapter 10, 
for open-frame, three-phase, sixty-cycle induction motors. Order 
13-4312 applies with respect to the rating of the motor circuit con
ductors. 

Order 13-4609. Grounding. 
Capacitor cases shall be grounded in accordance with Section 

13-250. 
\ 

O~der 13-4610. Guarding. 
All live parts of capacitors which are connected to circuits of more 

than 600 volts between conductors and are accessible to unqualified 
persons, shall be enclosed or isolated. For isolation by elevation, see 
Order 13-7162. 
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ardor 13-4611. Name-Plate. 
Each capacitor shall be provided with a name-plate giving the 

maker's name, rated voltage, frequency, kva or amperes, number of 
phases, and if liquid-filled, the amount of liquid in gallons, together 
with a statement that the liquid will or will not burn, as the case 
may be. The name-plate shall indicate whether or not a capacitor 
unit has a discharge device inside the case. 

SECTION 13-470. RESISTORS AND REACTORS 

For Rheostats see Orders 13-4305. 13-4306 and 13-94303. 

Order 13-4701. Location. 
Resistors and reactors shall not be placed where exposed to me

chanical injury. If in the immediate vicinity of easily ignitible mate
rial they shall be of the oil immersed type or shall be enclosed in 
metal boxes or cabinets. See Section 13-500 for Hazardous Locations. 

Order 13-4702. Space Separation. 
Unless attached to a switchboard or other noncombustible material, 

or unless mounted as provided in Order 13-4703, resistors and re
actors shall be separated from combustible material by a distance of 
not less than 1 foot. 

Order 13-4703. On or In Proximity to Combustible Material. 
If placed within a distance 'of 1 foot from combustible material, 

resistors and reactors shall be installed as follows: 
A. Slab 01' Panel. They shall be attached to a slab or panel of non

combustible, nonabsorptive material such as slate, soapstone, or 
marble. 

B. 6'ize of Slab. The slab shall extend beyond the edges of the de
vice and shall have a thickness proportioned to the size and weight 
of the device but shall not be less than % inch thick. 

C. Supports. The slab shall be secured in position by supports inde
pendent of those fastening the device to the slab. Bolts which support 
the device shall be countersunk at least % inch below the rear surface 
of the slab and shall be covered with insulating material. 

Order 13-4704. Mounting. 
Casings when mounted on plane surfaces shall make contact with 

such surfaces only at the point of support, an air space of at least 1,4 
inch being maintained between the casings and surfaces. 

Order 13-4705. Conductor Insulation. 
If insulated conductors are used for connection between resistance 

elements and controllers, the conductors shall be suitable for an 
operati~g temperature of not less than 90C (194F), except that for 
motor-starting service other conductor insulations may be used. For 
elevator motor starting service, see paragraph B of Order 13-6204. 
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Order 13-4706. Incandescent Lamps as Resistors. 
Incandescent lamps may be used as protective resistors for auto

matic controllers, or may by special permission be used as resistors 
in series with other devices and shall cornol'm to the following: 

A. Mounting. They shall be mounted in porcelain receptacles on 
non-combustible supports. 

B. Voltage. They shall be so arranged that they cannot have im
pressed upon them a voltage greater than that for which they are. 
rated. 

C. Name. Plate. They shall be provided with a name plate, perma
nently attached, giving the wattage and voltage of the lamp to be 
used in each receptacle. 

D. Not Caf1'Y Main CUf1·ent. They shall not carry or control the 
main current nor constitute the regulating resistance of the device. 

SECTION 13-480. STORAGE BATTERIES 

Order 13-4801. Scope. 
The provisions of this section shall apply to all stationary installa

tions of storage batteries using acid or alkali as the electrolyte and 
consisting of a number of cells connected in series with a nominal 
voltage in excess of 16 volts. 

Order 13-4802. Definition of Nominal Voltage. 
The nominal battery voltage shall be calculated on the basis of 2.0 

volts per cell for the lead acid type, and 1.2 volts per cell for the alkali 
type. 

Order 13-4803. Wiring and Apparatus Supplied from Batteries. 
Wiring, appliances, and apparatus supplied from storage batteries 

shall be subject to the requirements of this code applying to wiring, 
appliances, and apparatus operating at the same voltage, except as 
otherwise provided for communication systems in Section 13-800. 

f 

Order 13-4804. Insulation of Batteries of Not Over 250 Volts. 
The provisions of this order shall apply to storage batteries having 

the cells so connected as to operate at a nominal battery voltage not 
exceeding 250 volts. 

A. Lead Acid Battm'ies. Cells in lead lined wood tanks, where the 
number of cells in series does not exceed 25, shall be supported indi
vidually on glass or glazed porcelain insulators. If the number of the 
cells in series exceeds 25, the cells shall be supported individually on 
oil insulators. 

B. Alkali TYpe Batteries. Cells of the alkali type in jars made of 
conducting material shall be installed in trays of non-ducting mateo' 
rial, with not over 20 cells in a series circuit in anyone such tray, or 
the cells may be supported singly 01' in groups on porcelain 01' other 
suitable insulators. 
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C. Unsealed Ja1·s. Cells in unsealed jars made of nonconductive ma
terial shall be assembled in trays of glass 01' supported on glass or 
glazed porcelain insulators; or, if installed on a rack, shall be sup
ported singly or in groups on glass or other suitable insulators. 

D. Sealed Rubber Jars. Cells in sealed rubber 01' composition con
tainers shall require no additional inSUlating support if the total 
nominal voltage of all cells in sel'ies does not exceed 150 volts. If the 
total voltage exceeds 150 Yolts, batteries shall be sectionalized into 
groups of 150 volts 01' less and each group shall have the individual 
cells installed in trays or on racks. If trays 01' racks are required fOl' 
this type of cell, such trays or racks shall be supported on glass or 
glazed porcelain insulators or oil type insulators. 

E. Sealed Glass Jars. Cells in sealed glass jars, with or without 
wood trays, require no additional insulation. 

Order 13-4805. Insulation of Batteries of Over 250 Volts. 
The provisions of Order 13-4804 shall apply to storage batteries 

having the cells so connected as to ~perate at a nominal voltage ex
ceeding 250 volts and, in addition, the provisions of this order shall 
also apply to such batteries. 

A. Cells shall be installed in groups having a total nominal volt
age pf not over 250 volts, in trays or on racks supported on oil insu
lators; except that if each individual cell, 01' sub-group in the tray 
or rack, is supported on oil insulators, no additional insulation for the 
group need be provided; and except that cells of not over 10 ampere 
hour capacity in sealed glass jars may be grouped in trays, the total 
nominal voltage of all cells in such a group not to exceed 250 volts, 
and each such tray to be supported on glass or glazed porcelain insu
lators, the trays being mounted 9n racks supported on oil insulators 
with a total nominal voltage of not over 500 volts for all cells in 
series on each insulated rack. 

Maximum protectIon is secured by sectionalizing high voltage batteries 
into cell groups insulated from each other. 

Order 13-4806. Racks and Trays. 
Racks and trays shall conform to the following: 
A. Racks. Racks, as required in this section, refer to frames de

signed to support cells or trays. They shall be substantial, and 
made of: 

1. Wood, so treated as to be resistant to deteriorating action by 
the electrolyte; 01' ' 

2. Metal, so treated as to be resistant to deteriorating action by 
the electrolyte" and provided with non-conducting members directly 
supporting the cells or with suitable tnsulating material on conducting 
members; or 

3. Other similar suitable construction. 
B. T1'ayS; Trays' refer to frames such as crates or shallow boxes 

usually of wood or other nonconducting material, so constructed or 
treated as to be resistant to deteriorflting action by the electrolyte. 
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Order 13-4807. Battery Rooms. 
Battery rooms shall conform to the following; 
A. Use. Separate battery rooms or enclosures shall be required only 

for batteries in unsealed jars and tanks where the aggregate capacity 
at the 8-hour discharge rate exceeds 5 kilowatt hours. 

B,- Wi1-ing Melhod. In stol'age battery rooms, I?are conductors, open 
wiring, or conductors in rigid conduit or electrical metallic tubing shall 
be used as the wiring method. 

C. Varnished Camb1ic Conductors. Varnished cambric covered con
ductors, Type V, shall not be used. 

D. Bare Conductors. Bare conductors shall not be taped. 
E. Raceway. Rigid metal conduit, or electrical metallic tubing, if 

used, shall be of corrosion resistant material or shall be suitably pro
tected from corrosion. 

F. Terminals. If metal raceway 01' other metallic covering is used in 
the battery room, at least 12 inches of the conductor at the end con
nected to a cell terminal shall be free from the raceway or metallic 
covering and shall be bushed by a substantial glazed insulating bush-

-ing. The end of the raceway shall be sealed tightly to resist the 
entrance of electrolyte by spray or by creepage. Sealing compound, 
rubber inSUlating tape or other suitable material shall be used for 
this purpose. 

G. Ventilation Provision shall be made for sufficient diffusion and 
Y'entilation of the- gases from the battery to prevent the accumulation 
of an explosive mixture in the battery room. 
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Chapter 5, Special Occupancies 

SECTION 13-500. HAZARDOUS LOCATIONS 

Order 13-5001. Scope. 
The provisions of this section apply to locations in which the 

authority enforcing this code judges the apparatus and wiring to be 
subject to the conditions indicated by the following classifications. It 
is intended that each room, section or area (including motor and 
generator rooms, and rooms for the enclosure of control equipment) 
shall be considered individually in determining its classification. Ex
cept as modified by this section, all other applicable rules contained 
in this code shall apply to electrical apparatus and wiring installed 
in hazardous locations. For garages, see Section 13-510. For defini
tion of "approved" as used in this section see Section 13-100. 

The term explosion-proof as used in this section shall mean: en
closed in a case which is capable of withstanding an explosion of a 
specified gas or vapor which may occur within it, and of preventing 
the ignition of the specified gas or vapor surrounding the enclosme 
by sparks, flashes 01' explosions of the gas or vapor within. 

Through the exercise of ingenuity In the layout of electrical installlL
tlons for hazardous locations, it is frequently possible to locate much 
of the equipment in less hazardous or in non-hazardous areas and thus 
to reduce the amount of special equipment required. 

Order 13-5002. Special Precaution. 
The intent of this section is to require a form of construction of 

equipment, and of installation that will insure safe performance 
under conditions of propel' use and maintenance. It, therefore, is 
assumed that inspection authorities and users will exercise more 
than ordinary care with regard to installation and maintenance. 

The explosive characteristics of various atmospheric mixtures of 
hazardous gases, vapors and dusts depend on the specific hazardous 
material involved. It is necessary, therefore, that equipment be ap
proved not only for the class of location but also for the specific gas, 
vapor or dust that will be present. 

For purposes of testing and approval, various atmospheric mixtures 
have been grouped on the basis of their explosive characteristics, and 
facilities have been made available for testing and approval of equip
ment for use in the following atmospheric groups: 

Group A, Atmospheres containing acetylene; 
Group B, Atmospheres containing hydrogen, or gases or vapors of 

equivalent hazard such as manufactured gas; 
Group C, Atmospheres containing ethyl ether vapor; 
Group D, Atmollpheres containing gasoline, petroleum, naphtha, alco-

hols, acetone, lacquer solvent vapors, and natural gas; 
Group E, Atmospheres containing metal dust; 
Group F, Atmospheres containing carbon black, coal or coke dust: 
Group G, Atmospheres containing grain dust, 
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Order 13-5003. Paints, Lacquers and Finishes. 
The provisions of this order shall apply to locations which are or 

may be hazardous because of readily ignitible deposits 01' residues 
from paints, varnishes, lacquers or other types of finishes. 

Hazardous amounts of readily ignltible deposits or residues may 
occur in spray booths and their ventilating ducts and in other locations 
where"some types of paints, lacquers or finishes are regularly or fre
quently appited by spraying, dipping, brushing, or by other means; or 
where drlppage, spiIlage .01' leakage of such paints, lacquers or finishes 
may occur. Some residues are not readily ignitlble, and some are rela
tively non-hazardous. The character and quantity of materials that are 
or may be used should be taken into consideration In the application of 
these orders, and in determination of the extent of the affected area. 

For locations where volatile fiammable solvents or thinners may in
troduce hazards in addition to those of l'eadlly ignitible deposits or 
residues, refer also to Order 13-5004. 

A. Elect?ical Equipment. Unless specifically approved for the loca
tion, no electrical equipment or apparatus shall be installed or used 
where it may be subject to hazardous accumulations of readily 

, ignitible deposits or residues, except as follows: 
1. Wiring in rigid conduit or in threaded boxes or fittings con

taining no taps, splices or terminal connections may be installed in 
such locations. 

2. High voltage grids and their connections which are a part of 
electrostatic paint spraying or detearing equipment may be installed 
in such locations when adequate protection against spark-over and 
accidental grounding is provided, and when the installation and op
eration of such equipment is judged to be acceptable by the authority 
enforcing this Code. 

B. Lighting Through Glass Panels. Illumination of hazardou.s areas 
through panels of glass or other transparent material is permissible 
only-rf fixed lighting units are used as the source of illumination, if 
the panel effectively isolates the hazardous area from the area in 
which the lighting unit is located, if the lighting unit itself is ap
proved for the location in which it is located, if the transparent panel 
is of a material or is so protected that breakage will be unlikely, and 
if the arrangement is such that normal accumulations of hazardous 
residue on the exposed surface of the panel will not be raised to a 
dangerous temperature by radiation or conduction from the sOUrce of 
illumination. 

Order 13-5004. Class I Locations. 
Class I locations are those in which flammable gases or. vapors 

are or may be present in the air in quantities sufficient to produce 
explosive or ignitiblemixtures. Class I locations shall include the 
following: 

A. Class I, Division 1. Locations (1) in which hazardouscol1cen
trations of flammable gases or vapors exist continuously, intermit
tently, or periodically under normal operating conditions, (2) in 
which hazardous concentrations of such gases or vapors may exist 
frequently because of repair 01' maintenance operations or because 
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of leakage, or (3) in which breakdown or faulty operation of equip
ment or processes which might release hazardous concentrations of 
flammable gases or vapors, might also cause simultaneous failure of 
electrical equipment. 

This classiflcation would usually include locations where flammable 
volatile liquids or liquefled flammable gases are transferred from one 
container to another; interiors of spray booths and areas in the vicinity 
of spraying and painting' operations where volatile flammable solvents 
are used; locations containing open tanks. or vats of volatile flammable 
liquids; drying rooms or compartments for the evaporation of flammable 
solvents; locations containing fat and oil extraction apparatus using 
vOlatile flammable solvents; portions of cleaning and dyeing plants 
where hazardous liquids are used; gas generator rooms and other por
tionli of. gas manufacturing plants where flammable gas may escape; 
pump rooms for flammable gas or for volatile flammable liquids; and all 
other locations where hazardous concentrations of flammable vapors 
Or gases are Iikf'ly to occur in the course of normal operations. 

B. Class I, Division 2. Locations (1) in which flammable volatile 
liquids 01' flammable gases are handled, processed or used, but in which 
the hazardous liquids, vapors or gases will normally be confined 
within closed containers or closed systems from which they can escape 
only in case of accidental rupture or breakdown of such containers or 
systems, or in case of abnormal operation of equipment, (2Lin which 
hazardous concentrations of gases or vapors are normally prevented 
by positive mechanical ventilation, but which might become hazardous 
through failure or abnormal operation of the ventilating equipment, 
or (3) whiclLal'aadjacent to-Class I, Division 1 locations, and to 
which hazardous concentrations of gases or vapors might occasionally 
be communicated. 

'I:his classiflcatlon would usually include locations where flammable 
volatile liquids or flammable gases or vapors are used, but which, in 
the judgment of the code enforcing authority, would become hazardous 
only in case of an accident or of some unusual operating condition. 
The quAntity of hazardous material that might escape In case of acci
dent, the adequacy of ventilating equipment, the total area Involved, 
and the record of the Industry or business with respect to explosions 
or flres are all factors that should receive consideration in determining 
the classiflcation and extent of each hazardous area. 

Piping without valves, checks, meters and similar devices would not 
ordinarily be deemed to introduce a hazardous condition even though 
used for hazardous liquids or gases. Locations used for the storage 
of hazardous liquids or of liquefled or compressed gases in sealed con
tainers would not normally be ()onsidered hazardous unless subject to 
other hazardous "conditions also. 

Order 13-5005. Class II Locations. 
Class II locations are those which are hazardous because of the 

presence of combustible dust. Class II locations shall include the 
following: 

A. Class II, Division 1. Locations (1) in which combustible dust 
is or may be in suspension in the air continuously, intermittently, or 
periodically under normal operating conditions, in quantities sufficient 
to produce explosive or ignitible mixtures, (2) where mechanical 
failure at abnormal operation of machinery Or equipment might 
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cause such mixtures to be produced, and might also provide a source 
of ignition through simultaneous failure of electrical equipment, op
eration of protection devices, or from other causes, or (3) in which 
dusts of an electrically conducting nature may be present. . 

This classlflcatlon would usually Include the worltlng areas of grain 
handling and sto.rage plants; rooms containing grinders or pulverizers, 
cleaners, graders, scalpers, open conveyors 01' spouts, open bins or hop
pers, mixers or blenders, automatic or hopper scales, packing machinery, 
elevator heads and boots, stock distributors, dust and stock collectors 
(except all-metal collectors vented to the outside), and all similar dust 
producing machinery and equipment in g'rain processing plants, starch 
plants, sugar pulverizing plants, malting plants, hay grinding plants, 
and other occupancies of similar nature; coal pulverizing plants (except 
where the pulverizing equipment Is essentially dust-tight); all working 
areas where metal dusts and powders are produced, processed, handled, 
packed or stored (except in tight 120ntalners); and all other simlla'r loca
tions where combustible dust may, under normal operating conditions, 
be present In the all' In quantities sufficient to produce explosive or 
ignitible mixtures. 

Combustible dusts which are electrically non-conducting will include 
dusts produced in the handling and, processing of grain and grain prod
ucts, pulverized sugar and cocoa, dried egg and milk powders, pulverized 
spices, starch and pastes, potato and woodflour, oil meal from beans 
and seed, dried hay, and other organic materials which may produce 
combustible dusts when processed or handled. Electrically conducting 
non-metallic dusts wiII include dusts from pulverized coal, colte' and 
charcoal. Metallic dusts from magnesium, aluminum and aluminum 
bronze are particularly hazardous, and every precaution must be taken 
to avoid ign!tl-on and explosion. 

B. Class II, Division' 2. Locations in which combustible dust will 
not normally be in suspension in the air, or will not be likely to be 
thrown into suspension by the normal operation of equipment or 
apparatus, in quantities sufficient to produce explosive or ignitible 
mixtures, but (1) where deposits or accumulations of such dust may 
be sufficient to interfere with the safe dissipation of heat from elec
trical equipment or apparatus, or (2) where such deposits or accumu
lations of dust on, in, or in the vicinity of electrical equipment might 
be ignited by arcs, sparks or burning material from such equipment. 

Locations where dangerous concentrations of suspended dust would 
not be liltely, but where dust accumulations might form on, In or in 
the Vicinity of electrical equipment, would include rooms and areas 
containing only closed spouting and conveyors, closed bins or hoppers, 
or machines and equipment from which appreciable quantities of dust 
would escape only under abnormal operating conditions; rooms or areas 
adjacent to locations described In paragraph A of this order, and into 
Which explosive or ignitlble concentrationl:l of suspended dust might be 
comIonunicated only'under abnormal operating conditions; rooml:l or areas 
where the formation of explosive or \gnltlble concentration" of sus
pended dust is prevented by the operation of effective dust control 
equipment; warehouses and shipping rooms where dust producing 
materials are stored or handled only In bags or containers; and other 
similar locations. 

Order 13-5006. Class III Locations. 
Class III locations are those which are hazardous because of the 

presence of easily ignitible fibers or flyings, but in which such fihQrR 
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or flyings are not likely to be in suspension in air in quantities suffi
cient to produce ignitible mixtures. Class III locations shall include 
the following: 

A. Class Ill, Division 1. Locations in which easily ignitible fibers 
or materials producing combustible flyings are handled, manufac
tured or used. 

Such locations would Include some parts of rayon. cotton and' other 
textile mills; combustible fiber manufacturing and processing plants; 
cotton gins and cotton-seed mills; fiax processing plants; clothing 
manufacturing plants; woodworking plants; and establishments and 
industries involving similar hazardous processes or conditions', \. 

B. Class III, Division 2. Locations in which easily ignitible fibers 
are stored or handled (except in process of manufacture). 

Easily ignitlble fibers and fiyings will Include rayon. cotton (Includ
ing cotton linters and cotton waste). sisal or henequen. Istle. jute. 
hemp. tow. cocoa fiber. oal{um. baled waste. kapok. Spanish moss. 
excelsior and other materials of similar nature, 

CLASS I-INSTALLATION 

Order 13-5011. General. 
The general rules of this code shall apply to the installation of 

electrical wiring and equipment in locations classified as Class I 
under Order 13-5004 of this section except as modified by Orders 
13-5012 to 13-5026 inclusive. 

Attention is called to the additional requirements set forth in Order 
13-5003 for locations where readily ignltible deposits or residues from 
paints. varnishes. lacquers. or other types of finish may be Involved, 

Order ,13-5012. Transformers and Capacitors. 
The installation of transformers and capacitors shall conform to 

the following: 
A. Class I, Division 1. In Class I, Division 1 locations, transform

ers and capacitors shall conform to the following: 
1. Containing a Liquid that Will Burn. Transformers and capac

itors containing a liquid that will burn shall be installed only in 
approved vaults, which shall coufol'm to Orders 13-4541 to 13-4548 
inclusive, and in addition, (1) there shall be no door or other com
municating opening between the vault and the hazardous area, (2) 
ample ventilation shall be provided for the continuous removal of 
hazardous gases or vapor, (3) vent openings or ducts shall lead to a 
safe location outside of buildings, and (4) vent ducts and openings 
shall be of sufficient area to relieve explosion pressures within the 
vault, and all portions of vent ducts within the buildings shall be of 
reinforced concrete construction. ' 

2. Not Containing a Liquid that Will Burn. Transformers and 
capacitors ,which do not contain a liquid that will burn shall (1) be 
installed in vaults conforming to the requirements of sub-paragraph 
A-1 of this order, 01' (2) be of explosion-proof type approved for 
ClaR!! I locations. 
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B. Class I, Division 2. In Class I, Division 2 locations, transform
ers and capacitors shall conform to Orders 13-4521 to 13-4524 
inclusive. 

Order 13-5013. Meters, Instruments and Relays. 
The installation of meters, instruments and relays shall conform 

to the 'following: 
A. Class I, Division 1. In Class I, Division 1 locations, meters, in

struments and relays, including kilowatt-hour meters, instrUl1)ent 
transformers and resistors, rectifiers and thermionic tubes, shall be 
provided with explosion-proof enclosures approved for Class I loca
tions. 

It is recommended that such equipment be located outside of the 
hazardous area where possible. 

B. Class I, Division 2. In Class'I, Division 2 locations, meters, in
struments, and relays shall conform to the following: 

1. With Make or Break Contacts. Meters, instruments, and re
lays in which are incorporated contacts for making 01' breaking cur
rent shall conform to paragraph A of this order unless general pur
pose enclosures are provided and such contacts are (1) immersed in 
oil, 01' (2) enclosed within a chamber hermetically sealed against the 
entrance of gases 01' vapors. 

2. Resistors and 8imilar Equipment. Resistors, resistance de
vices, thermionic tubes, and' rectifiers, which are used in 01' in con
nection with meters, instruments and relays, shall conform to para
graph A of this order, except that enclosures for resistors which 
operate nOl'mally at approximately room temperature may be of 
general purpose type. ; 

3. Without Make 01' Break Contacts. Transformer windings,' im
pedance coils, solenoids, and other windings which do not incorporate 
sliding 01' make 01' break contacts shall be provided with enclosures 
which may be of general purpose type if vents adequate to permit 
prompt escape of any gases 01' vapors are provided. 

Order 13-5014. Wiring Methods. 

Wiring methods shall conform to the following: 

A. Class I, Division 1. In Class I, Division 1 locations, l'igid metal 
conduit with threaded explosion-proof joints, and explosion-proof 
boxes and fittings, shall be the wiring method employed. All threaded 
joints shall be made up with at least five full threads engaged. Where 
necessary to employ flexible connections, as at motor terminals,flex
ible fittings of explosion-proof type approved for the location shall 
be used. 

B. Class I, Division 2. In Class I, Division 2 locations, rigid metal 
conduit or electrical metallic tubing shall be the wiring method em
ployed. Where necessary to employ flexible connections, as at motor 
terminals, flexible metal conduit shall be used. 
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Order 13-5015. Sealing. 
Seals are provided to prevent the passage of gases, vapors 01' 

flames from one portion of the electrical installation to another 
through the conduit and shall conform to the following: 

A. Class I, Division 1. In Class I, Division 1 locations, seals shall 
be located as follows: 

1. In each conduit run entering an enclosui:e for switcnes, circuit~ 
breakers, fuses, relays, resistors or other apparatus which may pro
duce arcs, sparks or high temperatures. Seals shall be placed as close 
as practicable and in no case more than 18 inches from' such 
enclosures. 

2. In each conduit run of 2 inch size or larger entering the 
enclosure or fitting housing terminals, splices or taps, and within 18 
inches of such enclosure or fitting. 

vVhere two enclosures for which seals are required under subpara
graphs 1 and 2 are connected by a run of conduit not more than 36 
inches in length, a single seal would be sufficient if located not more 
than 18 inches from either enclosure. 

3. In each conduit run leaving the Class I, Division 1 hazardous 
area. The sealing fitting shall be ·sodesigned and installed that any 
gases or vapors which may enter the conduit system, within the Divi
sion 1 hazardous area, will not enter or be communicated to the con
duit beyond the seal. There shall be no union, coupling, box or fitting 
in the conduit between the sealing fitting and the point at which the 
conduit leaves the Division 1 hazardous a'l'ea. 

B. Class I, Division 2. In Class I, Division 2 locations, seals shall 
be located as follows: 

1. In each conduit run entering an enclosure which is required 
to be explosion-proof. Seals shall be placed as close as practicable 
and in no case more than 18 inches from such enclosure. All portions 
of such conduit run between the seal and the explosion-proof en
closure shall conform to paragraph A, Order 13-5014. 

2. In each conduit run passing from the Class I, Division 2 
hazardous area into a non-hazardous area. The sealing fitting shall 
be so designed and installed that any gases or vapors which may 
enter the conduit system, within the Division 2 hazardous area, will 
not enter or be communicated to the conduit beyond the seal. Rigid 
conduit shall be used between the sealing' fitting and the point at 
which the conduit leaves the hazardous area, and a threaded connec
tion shall be used at the sealing fitting. There shall be no union, 
coupling, box or fitting in the conduit between the sealing fitting 
and the point at which the conduit leaves the hazardous area. 

C. Class I, Divisions 1 and 2. Where seals are required, they shall 
conform to the following: 

1. Fitti:ngs. Enclosures for connections or for equipment shall 
be provided with approved means for sealing, or sealing fittings 
approved for Class I locations shall be used. 
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2. Compound. Sealing compound shall be approved for the pur
pose, shall not be affected by the surrounding atmosphere or liquids, 
and shall not have a melting point of less than 93C. (200 F.). 

3. Thickness of Compound. In the completed seal, the minimum 
thickness of the sealing compound shall be not less than the trade 
size of the conduit, and in no case less than % inch. 

4. Splices and Taps. Splices and taps shall not be made in fit
tings intended only for sealing with compound, nor shall other fit
tings in which splices or taps are made be filled with compound. 

5. Drainage. Where there is a possibility that water or other 
condensed vapor may be trapped at any point in the raceway system, 
approved means shall be provided to prevent accumulation, or to 
permit periodic draining of such water 01' condensed vapor. 

Order 13-5016. Switches, Circuit-Breakers, Motor Controllers and 
Fuses. 

Switches, circuit-breakers, motor controllers and fuses shall con-
form to the following: ~ 

A. Class I, Division 1. In Class I, Division 1 locations, switches, 
circuit-breakers, motor controllers and fuses, including push buttons, 
~elays and similar devices, shall be lITovided with enclosures, and the 
enclosure in each case together with the enclosed apparatus shall be 
approved as a complete assembly for use in Class I locations. 

B. Class I, Division 2. Switches, circuit-breakers, motor controllers 
and fuses in Class I, Division 2 locations shall conform to the 
following: 

1. Type Required. Circuit-breakers, motor controllers and switches 
intended to interrupt current in the normal performance of the func
tion for which they are installed shall be provided with explosion
proof enclosures approved for Class I locations, unless general pur
pose enclosures are provided and (1) the interruption of current 
occurs within a chamber hermetically sealed against the entrance of 
gases and vapors, or (2) the current interrupting contacts are oil
immersed and the device is approved for locations of this class and 
division. 

-This will include service and branch circuit switches and clrcult
breakers; motor controllers, including push-buttons, pilot switches, 
relays and motor-overload protective devices; and switches and circult
breai{ers for the control of lighting and appliance circuits. Oil-immersea 
circuit-breakers and controllers of ordinary general use type may not 
confine completely the arc produced in the interruption of heavy ovel'
loads, and specific approval for locations of this class and division is 
therefore necessary. 

2. Isolating Switches. Enclosures for disconnecting and isolating 
switches without fuses and which are not intended to interruptI cur
rent may be of general purpose type. 

3. Fuses. For the protection of motors, appliances and lamps, 
except as provided in subparagraph B-4 of this order (1) standard 
plug or cartridge fuses may be used provided they are placed within 
explosion-proof enclosures approved for the purpose and for the loca-
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tion, 01' (2) fuses of a type in which the operating element is im
mersed in oil or other approved liquid, 01' is enclosed within a cham
ber hermetically sealed against the entrance of gases and vapors may 
be used provided they are approved for the purpose and are placed 
within general purpose enclosures. 

4. Fuses or Circuit-Breakers for Overcurrent Protection. When 
not more than 10 sets of approved enclosed fuses, 01' not more than 
10 circuit-breakers which are not intended to be used as switches for 
the interruption of current, are installed for branch or feeder circuit 
protection in anyone room, al'ea or section of this class and divi
sion, the enclosures for such fuses or circuit-breakers may be of gen
eral purpose type, provided the fuses or circuit-breakers are for the 
protection of circuits or feeders supplying lamps in fixed positions 
only. 

A set of fuses shall be construed to mean a group containing as 
many fuses as are required to perform a single protective function in a 
cireui t. For example, a group of 3 fuses protecting an ungrounded three
phase cireui t, and a single fuse protecting the ungrounded conductor 
of an identified two-wire single-phase circuit, would each be considered 
all a set of fuses. Fuses conforming to paragraph B-3 of this order need 
not be included in cOllnting the 10 sets of fuses permitted in general 
purpose enclosurell. 

Order 13-5017. Control Transformers and Resistors. 
Transformers, impedance coils and resistors used as or in conjunc

tion with control equipment for motors, generators and appliances 
. shall conform to the following: 

A. Class I, Division 1. In Class I, Division 1 locations, transfol'm
ers, impedance coils and resistors, together with any switching 
mechanism associated with them, shall be provided with explosion
proof enclosures approved for Class I locations. 

B. ClaBs I, Division 2. In Class I, Division 2 locations, control 
transformers and resistors shall conform to the following: 

1. Switching Mechanisms. Switching mechanisms used in con
junction with transformers, impedance coils and resistors shall con
form to Order 13-5016 paragraph B. 

2. Enclosures. Enclosures for the windings of transformers or 
impedance coils may be of general purpose type, but shall be pro
vided with vents adequate to permit prompt escape of gases 01' vapors 
that may enter the enclosure. 

3. Resistors. Resistol's shall be provided with explosion-proof 
enclosures approved as complete assemblies with the resistors for 
Class I locations. 

Order 13-5018. Motors and Generators. 
Motors and generators shall conform to the following: 
A. Class I, Division 1. In Class I, Division 1 locations, motors, 

generators and other rotating electrical machinery shall be of enclosed 
explosion-proof type approved for Class I locations. 

B. Class I, Division 2. In Class I, Division 2 locations, motors, 
generators and other rotating electrical machinel'y in which are em-
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ployed sliding contacts, centrifugal or other types of switching 
mechanism (including motor overcurrent devices), 01' integral resist
ance devices, either while starting or while running, shall be of 
enclosed explosion-proof type approved for Class I locations, unless 
such sliding contacts, switching mechanism or resistance devices are 
provided wIth explosion-proof enclosure approved for Class I locations. 

This order does not prohibit Installation of motors, such as squirrel 
cage induction motors, without brushes, switching mechanism, etc .• in 
Class I. Division 2 locations. 

Order 13-5019. Lighting Fixtures. 
Lamps shall be installed in fixtures which shall conform to the 

following: 
A. Class I, Division 1. In Class I, Division 1 locations, lighting 

fixtures shall conform to the following: 
1. Approved Fixtures. Each fixture shall be approved as a com

plete assembly for locations of this class, and shall be clearly marked 
to indicate the maximum wattage of lamps for which it is approved. 
Fixtures intended for portable use shall be specifically approved as 
complete assemblies for that use. 

2. Mechanical Injury. Each fixture shall be protected against 
mechanical injury by a suitable guard 01' by location. 

3., Pendent Fixtures. Pendent fixtures shall be suspended by and 
supplied through threaded rigid condu{t stems. For stems longer than 
12 inches, permanent and effective bracing against lateral displace
ment shall be provided at a level not more than 12 inches above the 
lower end of the stem, or flexibility in the fOl'm of a fitting or flexible 
connector approved for the purpose and for the location shall be pro
vided not more than 12 inches from the point of attachment to the 
supporting box or fitting. 

4. Supports. Boxes, box assemblies or fittings used for the sup
port of lighting fixtures shall be approved for the purpose and for 
Class I locations. 

B. Class I, Division 2. In Class I, Division 2 locations, lighting 
fixtures shall conform to the following: 

L Portable Lamps. Portable lamps shall be of the explosion
proof type approved for use in Class I locations. 

2. Fixed Lighting. Lighting fixtures for fixed lighting shall be 
protected from mechanical injury by suitable guards or by location. 
Where there is danger that falling sparks or hot metal from lamps 
or fixtures might ignite localized concentrations of flammable vapors 
or gases, suitable enclosures or other effective protective means 
shall be provided. 

3. Pendent Fixtures. Pendent fixtures shall be suspended by 
threaded rigid conduit stems or by other approved means. For rigid 
stems longer than 12 inches, permanent and effective bracing against 
lateral displacement shall be provided at a level not more than 12 
inches above the lower end of the stem, or flexibility in the form of 
a fitting or flexible connector approved for the purpose shall be 
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provided not more than 12 inches from the point of attachment to the 
supporting box or fitting. 

4. Supports. Boxes, box assemblies, 01' fittings used for the sup
port of lighting fixtures shall be approved for the purpose. 

5. Switches. Switches which are a part of an assembled fixture 
01' of an individual lampholder shall conform to the requirements of 
subparagraph B-1, Order 13-5016. 

6. Starting Equipment. Starting and control ~ equipment for 
mercury-vapor and fluorescent lamps shall conform to the require
ments of paragraph B. Order 13-5017. 

Order 13-5020. Appliances, Fixed and Portable. 
Appliances, fixed and portable, shall conform to the following: 
A. Class I, Division 1. In Class I, Division 1 locations, appliances, 

including electrically-heated and motor-driven appliances, shall be 
approved for Class I locations. 

B. Class I, Division 2. In Class I, Division 2 locations, appliances, 
fixed and portable, shall conform to the following: 

1. Heaters. Electrically-heated appliances shall be approved for 
Class I locations. 

2. Motors. Motors of motor-driven appliances, if of a type incor
porating sliding contacts, centrifugal or other switching mechanisms 
(including motor over-current .devices), or resistance devices, shall 
be of explosion-proof type approved for Class I locations. 

3. Switches, Circuit-breakers, and Fuses. Switches, circuit
breakers and fuses shall conform to paragraph B of Order 13-5016. 

Order 13-5021. Flexible Cords, Class I, Divisions 1 and 2. 
A flexible cord may be used only for connection between a port

able lamp or a portable appliance and the fixed portion of its supply 
circuit and where used shall (1) be of a type approved for extra hard 
usage, (2) contain, in addition to the conductors of the circuit, a 
grounding conductor conforming to Order 13-94003, (3) be connected 
to terminals or to supply conductors in an approved manner, (4) be 
supported by clamps or by other suitable means in such a manner 
that there will be no tension on the terminal connections, and (5) suit
able seals shall be provided where the flexible cord enters boxes, fit
tings or enclosures of explosion-proof type. 

Where flexible cords may be exposed to liquids having a deleterious 
effect on rubber, they should conform also to Order 13-5023. 

Order 13-5022. Receptacles and Attachment Plugs, Class I, Divisions 
; 1 and 2. 

Receptacles and attachment plugs shali be of polarized type pro
viding for connection to the grounding conductor of the flexible cord, 
and shall be approved for Class I locations. 

Ord\!r 13-5023. Conductor Insulation Class I, Divisions 1 \ and 2. 
Where condensed vapors or liquids having a deleterious effect on 

rubber may collect on 01' COml;l in (!ontaQt with the insulation on con-
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ductors, such insulation shall be of a type approved for use under 
such conditions or the insulation shall be protected by a sheath of 
lead or by other approved means. 

Order 13-5024. Signal, Alarm, Remote-control and Communication 
Systems. 

Signal, alarm, remote-control and communication systems shall 
conform to the following: 

A. Class I, Division 1. In Class I, Division 1 locations, all apparatus 
and equipment of signalling, alarm, remote-control and communica
tion systems, irrespective of voltage, shall be approved for Class I 
locations, and all wiring shall conform to paragraph A, Order 
13-5014, and paragraphs A and C, Order 13-5015. 

B. Class I, Division 2. In Class I, Division 2 locations, signal, alarm, 
remote-control and communication systems shall conform to the 
following: 

1. Contacts. Switches and circuit-breakers, and make and break 
contacts of push buttons, relays, and alarm bells or horns, shall have 
explosion-proof enclosures approved for Class I locations, unless gen
eral purpose enclosures are provided and current interrupting con
tacts are (1) immersed in oil, or (2) enclosed within a chamber her
metically sealed against the' entrance of gases or vapors. 

2. Resistors and Similar Equipment. Resistors, resistance de
vices, thermionic tubes and rectifiers shall conform to paragraph A 
of this order except that enclosures for resistors which operate nor
mally at approximately room temperature may be of general purpose 
type. 

3. Protectors. Enclosures which may be of general purpose type 
shall be provided for lightning protective devices and for fuses. 

Order 13-5025. Live Parts, Class I, Divisions 1 and 2. 

There shall be no exposed live parts. 

Order 13-5026. Grounding, Class I, Divisions 1 and 2. 

Wiring and equipment shall be grounded in conformity with the 
following: 

A. Exposed Parts. The exposed non-cul'l'ent-carrying metal parts 
of equipment such as the frames or metal exteriors of motors, fixed 
or portable lamps or appliances, lighting fixtures, cabinets, cases, 
and conduit, shall be grounded as specified in Section 13-250 of this 
code. 

B. Bonding. The locknut-bushing and double-locknut types of con
tacts shall not be depended upon for bonding purposes, but bonding 
jumpers with proper fittings or other approved mea.ns shall be used. 
If flexible conduit is used as permitted in subparagraph B of Order 
13-5014, bonding jumpers with proper fittings shall be provided 
around such conduit. 

C. Lightning Protection. Each ungrounded service conductor of a 
wiring system in a Class I location, when supplied from an ungrounded 
overhead electrical supply 1lystem in an area where lightning dis-
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turbances are prevalent, shall be protected by a lightning protective 
device of proper type. Lightning protective devices shall be con
nected to the service conductors on the supply side of the service dis
connecting means, and shall be bonded to the raceway system at the 
service entrance. 

D. G1'ounded SM'vice Conductor Bonded to Raceway. Wil-ing in a 
Class I location, when supplied from a grounded alternating current 
supply system in which a grounded conductor is a part of the service, 
shall have the grounded service conductor bonded to the raceway 
system and to the grounding conductor for the raceway system. The 
bonding connection to the grounded service conductor shall be made 
on the supply side of the service disconnecting means. 

E. Tmns!o1'm61' Ground Bonded to Raceway. Wiring in a Class I 
location, when supplied from a grounded alternating current supply 
system in which no grounded conductor is a part of the service, shall 
be provided with a metallic connection between the supply system 
ground and the raceway system at the service entrance. The metallic 
connection shall have a current carrying capacity not less than % 
that of the service conductors, and shall in no case be smaller than 
No. 10 it of soft copper, or No. 12 if of medium or hard-drawn 
copper. 

F. Multiple G1·ounds. Where, in the application of Order 13-2521, 
it is necessary to abandon one or more grounding connections to 
avoid objectionable passage of current over the grounding conduc
tors, the connection required in paragraphs D and E of this order 
shall not be abandoned while any other grounding connection remains 
connected to the supply system. 

CLASS II-INSTALLATION 

Order 13-5051. General. 
The general orders of this code shall apply to the installation of 

electrical wil-ing and apparatus in locations classified as Class II 
under Order 13-5005 of this section except as modified by Orders 
13-5052 to 13-5066 inclusive. 

Order 13-5052. Transformers and Capacitors. 
The installation of transformers and capacitors shall conform to 

the following: 
A. Class II, Division 1. In 'Class II, Division 1 locations, transform

ers and capacitors shall conform to the following: 
1. Containing a Liquid that Will Burn. Transformers and capac

itors containing a liquid that will burn shall be installed only in 
approved vaults conforming to Orders 13-4541 to 13-4548 inclusive, 
and in addition (1) door 01' other openings communicating with the 
hazardous area shall have self-closing fire doors on both sides of the 
wall, and the doors shall be cal'efully fitted and provided with suit
able seals (such as weather stripping) to minimize the entrance of 
dust into the vault, (2) vent openings and ducts shall communicate· 
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only with the outside air, and (3) suitable pressure-relief openings 
communicating with the outside air shall be provided. 

2. Not Containing a Liquid that Will Burn. Transformers and 
capacitors which do not contain a liquid that will burn shall (1) be 
installed in vaults conforming to Orders 13-4541 to 13-4548 inclusive, 
01' (2) be of approved dust-tight construction with dust-tight ter
minal enclosures. 

3. Metal Dusts. No transformer or capacitor shall be installed 
in a location where dU,st from the production of magnesium, alumi
num or aluminum bronze powders may be present. 

B. Class II, Division 2. In Class II, Division 2 locations, transform
ers and capacitors shall conform to the following: 

1; Containing a Liquid that Will Burn. Transformers and capac
itors containing a liquid that will burn shall be installed in vaults 
conforming to Orders 13-4541 to 13-4548 inclusive. 

2. Containing Askarel. Transformers containing ~skarel and rated 
in excess of 25 kva shall (1) be provided with pressure-relief vents, 
(2) be provided with means for absorbing any gases generated by 
arcing inside the case, or the pressure-relief vents shall be connected 
to a chimney or fiue which will carry such gases outside the building 
and (3) have an air space of not less than 6 inches between the 
transformer cases and any adjacent combustible material. 

3. Dry-Type Transformers. Dry-type transformers shall be in
stalled in vaults or shall (1) have their windings and terminal con
nections enclosed in tight metal housings without ventilating 01' other 
openings, and (2) operate at voltages not exceeding 600 volts. 

Order 13-5053. Surge Protection, Class II, Divisions 1 and 2. 
In geographical locations where lightning disturbances are preva

lent, wiring systems in Class II locations shall, if supplied from 
overhead supply systems, be suitably protected against high-voltage 
surges. This protection shall include suitable lightning protective de
vices, interconnection of all grounds, and surge-protective capacitors. 

Suitable lightning protective devices should Include primary devices. 
and also secondary devices If overhead secondary lines exceed 300 feet 
In length or if secondary is ungrounded. 

Interconnection of all grounds should Include grounds for primary 
and secondary lightning protective devices. secondary system grounds 
If any, and grounds of conduit and equipment of the interior wiring 
system. 

Surge protective capacitors should be of a type especially designed 
for the duty, should be connected to each ungrounded service conductor, 
and should be grounded to the interior conduit system, Capacitors 
should be protected by 30-ampere fuses of suitable type and voltage 
rating, or by automatic circuit-breakers of suitable type and rating 
and should be connected to the supply conductors on the supply side 
of the service disconnecting means. 

Order 13-5054. Wiring Methods. 

Wiring methods shall conform to the following: 
A. Class II, Division 1. In Class II, Division 1 locations, Wll'lng 

shall be in rigid metal conduit with threaded boxes and fittings, 
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1. Fittings and Boxes. Fittings and boxes shall be provided with 
threaded bosses for conduit connection~ shall have close fitting covers, 
and shall have no openings (such as holes for attaching screws) 
through which sparks or burning material might escape. Fittings and 
boxes in which taps, joints or terminal connections are made, or which 
are used in locations where dusts are of an electrically-conducting 
nature shall be approved for Class II locations. 

2. Flexible Connections. Where necessary to employ flexible con
nections, dust-tight flexible connectors, flexible metal conduit, or 
flexible cord approved for extra hard usage and provided with bU,shed 
fittings shall be used, except that where dusts are of an electrically
conducting nature, flexible metal conduit shall not be used, and flex
ible cords sllall be provided with dust-tight seals at both ends. Where 
flexible connections are subject to oil or other corrosive conditions" 
the conductors shall be of a type approved for the condition. An addi
tional conductor for grounding shall be provided in the ~exible cord 
unless other acceptable means of grounding is provided. 

B. Class II, Division 2. In Class II, Division 2 locations, wiring 
shall be in rigid metal conduit or electrical metallic tubing. 

1. Fittings and Boxes. Fittings and boxes in which taps, joints 
or terminal connections are made shall (1) be provided with tele
scoping or close fitting covers, or other effective means to prevent 
the escape of sparks or burning material, and (2) shall have no open
ings (such as holes for attachment screws) through which, ,after in
stallation, sparks or burning material might escape, or through which 
adjacent combustible material might be ignited. 

2. Flexible Connections. Where flexible connections are necessary 
the provisions of sub-paragraph A-2 of this order shall apply. 

Order 13-5055. Sealing, Class II, Divisions 1 and 2. 
Where a raceway provides communication between a non-dust-tight 

fitting or enclosure and one which is required to be dust-tight, suit
able means shall be provided to prevent the entrance of dust into the 
dust-tight enclosure through the raceway. This means may be (1) a 
permanent and effective seal, (2) a horizontal section not less than 
10 feet long in the raceway, or (3) a vertical section of raceway not 
less than 5 feet long and extending downward from the dust-tight 
enclosure. 

Order 13-5056. Switches, Circuit-Breakers, Motor Controllers, and 
Fuses. 

Switches, circuit-breakel's, motor controllers and fuses shall con
form to the following: 

A. Class II, Division 1. In Class II, Division 1 locations, switches, 
circuit-breakers, motor controllers and fuses shall conform to the 
following: 

1. Type Required. Switches, circuit-breakers, motor controllers 
and fuses, including push buttons, relays and similar devices, which 
are intended to interrupt current in the normal performance of the 
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function for which they are installed, or which are installed where 
dusts of an electrically-conducting nature may be present, shall be 
provided with dust-tight enclosures approved for Class II locations. 

This will include service and branch circuit fuses, switches and 
circuit- breakers, motor controllers (inc! uding push buttons, pilot 
switches, relays, and motor overload protective devices), and s,vltches, 
fuses and circuit-breakers for the. control and protection of lighting 
and appliance circuits. 

2. Isolating Switches. Disconnecting and isolating switches con
taining no fuses and not intended to interrupt current, and which 
are not installed where dusts may be of an electrically conducting 
nature, shall be provided with tight metal enclosures which shall (1) 
be equipped with telescoping or close fitting covers, or with other 
effective means to prevent the escape of sparks or burning material, 
and (2) have no openings (such as holes for attachment screws) 
through which, after installation, sparks or burning material might 
escape, or through which exterior accumulations of dust or adjacent 
combustible material might be ignited. 

3. Metal Dust. In locations where dust from the production of 
magnesi~m, aluminum or aluminum bronze powders may be present, 
fuses, switches, motor controllers and circuit-breakers shall have dust
tight enclosures specifically approved for such locations. 

B. Class II, Division 2. In Class II, Division 2 locations, enclosures 
for fuses, switches, circuit-breakers and motor controllers including 
push buttons, relays and similar devices, shall conform to the re
quirements of subparagraph A-2 of this order. 

Order 13-5057. Control Transformers and Resistors. 
Transformers, impedance coils and resistors used as or in conjunc

tion with control equipment for motors, generators and appliances 
shall conform to the following: 

A. Class II, Division 1. In 'Class II, Division 1 locations, control 
transformers, impedance coils and resistors, and any overcurrent de
vices 01' switching mechanisms' associated with them shall have dust
tight enclosures approved for Class II locations. No control trans
former, impedance coil or resistor shall be installed in a location 
where dust from the production of magnesium, aluminum or alumi
num bronze powders may be present unless provided with a dust
tight enclosure specifically approved for such locations. 

B. Class II, Division 2. In Class II, Division 2 locations, transform
ers and resistors shall conform to the following: 

1. Switching Mechanisms. Switching mechanisms, including over
current devices associated with control transformers, impedance coils 
and resistors shall be provided with enclosures conforming to sub
paragraph A-2 of Order 13-5056. 

2. Enclosures. Control transformers and impedance coils shall be 
provided with tight metal housings without ventilating openings. 

3. Resistors. Resistors and resistance devices, except heating, ele
ments of overcurrent devices, shall have dust-tight enclosures ap
proved for Class II locations. 
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Order 13-5058. Motors and Generators. 
Motors and generators shall conform to the following: 
A. Class II, Division 1. In Class II, Division 1 locations, motors, 

generators and other rotating electrical machinery shall be totally
enclosed not ventilated, totally~enclosed pipe ventilated, or totally
enclosed fan-cooled, and shall be approved for Class II locations. 
Motors, generators or other rotating electrical machinery shall not 
be installed in locations where dust from the production of mag
nesium, aluminum or aluminum bronze powders may be present unless 
such machines are totally-enclosed, or totally-enclosed fan cooled, 
and specifically approved for such locations. 

B. Class II, Division 2. In 'Class II, Division 2 locations, motors, 
generators and other rotating electrical machinery shall be totally
enclosed not ventilated, totally-enclosed pipe ventilated, or totally
enclosed fan-cooled, except that in locations where, in the judgment 
of the code enforcing authority, only moderate accumulations of non
conducting non-abrasive dust are likely to occur, and where the equip
ment is readily accessible for routine cleaning and maintenance self
cleaning textile motors of the squirrel-cage type, standard open type 
machines without sliding contacts, centrifugal or other types of 
switching mechanism (including motor overcurrent devices), or in
tegral resistance devices, or standard open type machines having 
such contacts, switching mechanisms or resistance devices enclosed 
within tight metal housings without ventilating or other openings, 
may be installed. Motors, generators or other rotating electrical 
machinery of protected or splashproof type shall not be installed in 
such locations. 

Order 13-5059. Ventilating Piping. 
Vent pipes for motors, generators or other rotating electrical ma

chinery, 01' for enclosures for electrical apparatus or equipment, shall 
be of metal not lighter than No. 24 USS gauge, or of equally sub
stantial non-combustible material, and shall (1) lead directly to a 
source of clean air outside of buildings, (2) be screened at the outer 
ends to prevent the entrance of small animals or birds, (3) be pro
tected against mechanical damage and against rusting or other cor
rosive influences. In addition, vent pipes shall conform to the follow
ing: 

A. Class II, Division 1. In Class II, Division 1 locations, vent pipes, 
including their connections to motors or to the dust-tight enc1o.mres 
for other equipment, or apparatus, shall be dust-tight throughout 
their length. For metal pipes, seams and joints shall be (1) riveted 
(or bolted) and soldered, (2) welded, or (3) rendered dust-tight by 
some other equally effective means. 

B. Class II, Division 2. In Class II, Division 2 locations, vent pipes 
and their connections shall be sufficiently tight to prevent the entrance 
of appreciable quantities of dust into the ventilated equipment or 
enclosure, and to prevent the escape of sparks, flame or burning mate
rial which might ignite dust accumulations or combustible material 
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in the vicinity. For metal pipes, lock seams and riveted 01' welded 
joints may be used, and tight-fitting slip joints may be used where 
some flexibility is necessary as at connections to motors. 

Ordel' 13":'5060. Appliances, Fixed and Portable. 
Appliances, fixed and portable, shall conform to the following: 
A. Class II, Division 1. In Class II, Division 1 locations, appliances, 

including electrically-heated and motor-driven appliances, shall be 
approved for Class II locations. Fixed 01' portable appliances shall 
not be installed 01' used in locations where dust from magnesium, 
aluminum or aluminum bronze powders may be present unless such 
appliances are dust-tight and are specifically approved for such loca
tions. 

B. Class II, Division 2. In Class-II, Division 2 locations, appliances, 
fixed and portable, shall conform to the following: 

1. Heaters. Electrically-heated appliances shall be approved for 
Class II locations. 

2. Motors. Motors of motor-driven appliances shall conform to 
paragraph B of Order 13-5058. 

3. Switches. Circuit-breakers and Fuses. Enclosures for switches, C" 
circuit-breakers, and fuses shall conform to sub-paragraph A-2 of 
Order 13-5056. 

4 .. Transformers, Impedance Coils and Resistors. Transformers, 
impedance coils and resistors shall conform to paragraph B of Order 
13-5057. 

Where there is a possibility that a portable appliance may be used 
In both Division 1 or Division 2 locations of this class, such appliance 
should conform to the requirements for Division 1 locations. 

Order 13-5061. Lighting Fixtures. 
Lamps shall be installed in fixtures which shall conform to the 

following: 
A. Class II, Division 1. In Class II, Division 1 locations, lighting 

fixtures for fixed and portable lighting shall conform to the following: 
1. Approved Fixtures. Each fixture shall b~ approved for Class II 

locations, and shall be clearly marked to indicate the maximum watt
age of the lamp for which it is approved. In locations where dust from 
magnesium, aluminum or aluminum bronze powders may be present, 
fixtures for fixed Or portable lighting, and all auxiliary equipment, 
shall be dust-tight, and shall be specifically approved for such loca
tions. 

2. Mechanical Injury. Each fixture shall be protected against 
mechanical injury by a suitable guard or by location. 

3. Pendent Fixtures. Pendent fixtures shall be suspended by 
threaded rigid conduit stems 01' chains with approved fittings, or by 
other approved means. For rigid stems longer than 12 inches perma
nent and effective bracing against lateral displacement shall be pro
vided at a lever not more than 12 inches above the lower end of the 
stem, or flexibility in the form of a fitting or a flexible connector 
approved for the purpose and for the location shall be provided not 
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more than 12 inches from the point of attachment to the supporting 
box or fitting. Where wiring between an outlet box 01' fitting and a 
pendent fixture is not enclosed in conduit, flexible cord approved for 
hard usage shall be used, and suitable seals shaiI be provided where 
the cord enters the fixture and the outlet box or fitting. Flexible cord 
shall not serve as the supporting means for a fixture. 

4. Supports. Boxes, box assemblies or fittings used for the sup
port of lighting fixtures shall be approved for the purpose and for 
Class II locations. 

B. Class II, Division 2. In Class II, Division 2 locations, lighting 
fixtures shall conform to the following: 

1. Portable Lamps. Portable lamps shall be dust-tight, and shall 
be approved for Class II locations. They shall be clearly marked to 
indicate the maximum wattage of lamps for which they are approved. 

2. Fixed Lighting. Lighting fixtures for fixed lighting shall pro
vide enclosures for lamps and lampholders. Enclosures shall be de
signed to minimize the deposit of dust on lamps and to prevent the 
escape of sparks, burning material or hot metal. 

3. Mechanical Injury. Lighting fixtures for fixed lighting shall 
be protected from mechanical injury by suitable guards or by loca
tion. 

4. Pendent Fixtures. Pendent fixtures shall be suspended by 
threaded rigid conduit stems or chains with approved fittings, or by 
other approved means. For rigid stems longer than 12 inches perma
nent and effective bracing against lateral displacement shall be pro
vided at a level not more than 12 inches above the lower end of the 
stem, or flexibility in the form of a fitting or a flexible connector 
approved for the purpose shall be provided not more than 12 inchet; 
from the point of attachment to the supporting box or fitting. When 
wiring between an outlet box or fitting and a pendent fixture is not 
enclosed in conduit, flexible cord approved for hard usage shall be 
used. Flexible cord shall not serve as the supporting means for a 
fixture. 

5. Supports. Boxes, box assemblies and fittings used for the 
support of lighting fixtures shall be approved for that purpose. 

6. Electric Discharge Lamps. Starting and control equipment for 
mercury vapor and fluorescent lamps shall conform to the require
ment of paragraph B of Order 13-5057. 

Order 13-5062. Flexible Cords, Class II, Divisions 1 and 2. 
Flexible cords used in Class II locations shall (1) be of a type 

approved for extra hard usage, (2) contain, in additi~n to the con
ductors of the circuit, a grounding conductor conforming to Order 
13-94003, (3) be connected to terminals or to supply conductors in an 
approved manner, (4) be supported by clamps or by other suitable 
means in such a manner that there will be no tension on the ter
minal connections, and (5) be provided with suitable seals to prevent 
the entrance of dust where the flexible cord enters boxes or fittings 
which are required to be dust-tight. 
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Order 13-5063. Receptacles and Attachment Plugs. 
A. Class II, Division 1. In Glass II, Division 1 locations, receptacles 

and attachment plugs shall be of polarized type providing for con
nection to the grounding conductor of the flexible cord, and shall be 
approved for OIass II locations. 

B. Class II, Division 2. In Class II, Division 2 locations, receptacles 
and attachment plugs shall be of polarized type providing for con
nection to the groundin~ conductor of the flexible cord, and shall be 
so designed that connection to the supply circuit cannot be made or 
broken while live parts are exposed. 

Order 13-5064. Signal, Alarm, Remote-Control, and Local Loud
Speaker Intercommunication Systems. 

Signal, alarm, remote-control and local loud-speaker intercommu
nication systems shall conform to the following: 

Refer to Section 13-800 for orders governing the Installation of 
commllni<'atioll circuits as d!'fined in Order 1020. 

A. Class II, Division 1. In Class II, Division 1 locations, signal, 
alarm, remote-control and local loudspeaker intercommunication sys
tems shall conform to the following: 

1. Wiring Method. Where accidental damage or break-down of 
insulation might cause arcs, sparks or high temperatures, rigid metal 
conduit or electrical metallic tubing shall be the wiring method em
ployed, and the number of conductors in a raceway shall be limited 
only by the requirement that the cross-sectional area of all conductors 
shall not exceed 40 per cent of the area of the raceway . 

. 2. Contacts. Switches, circuit-breakers, relays, contactors and 
fuses which may interrupt other than voice currents, and current
breaking contacts for bells, horns, howlers, sirens and other devices 
in which sparks or arcs may be produced, shall be provided with dust
tight enclosures approved for the location, unless current-breaking 
contacts are immersed in oil, or unless the interruption of current 
occurs within a chamber sealed against the entrance of dust, in which 
case enclosures may be of general purpose type. 

3. Resistors and Similar Equipment. Resistors, transformers and 
choke coils which may carry other than voice currents, and rectifiers, 
thermionic tubes, and other heat generating equipment or apparatus 
shall be provided with dust-tight enclosures approved for Class II 
locations. 

4. Rotating Machinery. Motors, generators and other rotating 
electrical machinery shall conform to paragraph A of Order 13-5058. 

5. Electrical Conducting Dusts. Where dusts are of an electrically
conducting nature, all wiring and equipment shall be dust-tight. 

6. Metal Dusts. Where dust from magnesium, aluminum or alumi
num bronze powders may be present, all apparatus and equipment 
shall be dust-tight, and shall be specifically approved for such 
locations. 
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B. Class II, Division 2. In Class II, Division 2 locations, signal, 
alarm, remote-control and local loudspeaker intercommunication sys
tems shall conform to the following: 

1. Contacts. Enclosures shall conform to sub-paragraph A-2 of 
this order or shall be in tight metal enclosures having telescoping or 
tight fitting covers, and having no openings thl'ough which, after in
stallation, sparks or burning material might escape. 

2. Transformers and Similar Equipment. The windings and ter
minal connections of transfol'lners and choke coils shall be provided 
with tight metal enclosures without ventilating openings. 

3. Resistors and Similar Equipment. Resistors, resistance de
vices, thermionic tubes, and rectifiers shall conform to sub-paragraph 
A-3 of this order except that enclosures for resistors which operate 
at approximately room temperature may be of general purpose type. 

Order 13-5065. Live Parts, Class II, Divisions 1 and 2. 
Thel'e shall be no exposed live parts, 

Order 13-5066. Grounding, Class II, Divisions 1 and 2. 
Wiring and equipment shall be grounded in conformity with the 

following: 
A, Exposed Pa1'ts. The exposed non-current-carrying metal parts 

of equipinent such as the frames 01' metal exteriors of motors, fixed 
or portable lamps 01' appliances, lighting fixtmes, cabinets, cases, and 
conduit, shall be grounded as specified in Section 13-250 of this code. 

B. Bonding. The locknut-bushing and double-locknut types of con
tact shall not be depended upon for bonding purposes, but bonding 
jumpers with proper fittings 01' other approved means shall be used. 
If flexible conduit is used as permitted in Order 13-5054, bonding 
jumpers with propel' fittings shall be provided around such conduit. 

'C. Lightning P1'otection. Each ungrounded service conductor of a 
wiring system in a Class II location, when supplied from an un
grounded overhead electrical supply system in an area where light
ning distmbances are prevalent, shall be protected by a lightning 
protective device of proper type. Lightning protective devices shall 
be connected to the service conductors on the supply side of the serv
ice disconnecting means, and shall be bonded to the raceway system 
at the service entrance. 

D. G1'ounded Swvice ConductM' Bonded to Raceway. Wiring in a 
Class II location, when supplied from a grounded alternating-current 
supply system in which a grounded conductor is a part of the service, 
shall have the grounded service conductor bonded to the raceway 
system and to the grounding conductor for the raceway system. The 
bonding connection to the grounded service conductor shall be made 
on the supply side of the service disconnecting means. 

E. T1'ansfo1'1nC1' G1'ound Bonded to Raceway. Wiring in a Class II 
location, when supplied from a grounded alternating-current supply 
system in which no grounded conductor is a part of the service, shall 
be provided with a metallic connection between the supply system 
ground and the raceway system at the service entrance, The metallic 



ELECTRTCA L CODE-ORDER 13-5074 193 

connection shall have a current-carrying capacity not less than ,/, 
that of the service conductors, and shall in no case be smaller than 
No. 10 if of soft copper, or No. 12 if of medium or hard-drawn 
copper. 

F. Multiple G?·ounds. Where, in the application of Order 13-2521, 
it is necessary to abandon one or more grounding connections to 
avoid objectionable passage of cUl'l'ent over the grounding conductors, 
the connection required in paragraphs D 01' E of this order shall not 
be abandoned while any other grounding connection remains con
nected to the supply system. 

CLASS III-INSTALLATION 

Order 13-5071. General. 
The general rules of this code shall apply to the installation of 

electrical wiring and apparatus in locations classified as Class III 
under Order 13-5006 of this section except as modified by Ordel's 
13-5072 to 13-5087 inclusive. 

Order 13-5072. Transformers and Capacitors, Class III, Divisions 1 
and 2. 

Transformers and capacitors shall conform to paragraph B of 
Order 13-5052. 

Order 13-5073. Wiring Methods. 
Wiring methods shall conform to the following; 
A. Class III, Division 1. In Class III, Division 1 locations, rigid 

metal conduit shall be the wiring method employed. 
1. Boxes and Fittings. Fittings and boxes in which taps, joints 

or terminal connections are made shall (1) be provided with tele
scoping 01' close fitting covers, or other effective means to prevent the 
escape of sparks or burning material, and (2) shall have no open
ings (such as holes for attachment screws) through which, after in
stallation, sparks or burning material might escape, or through which 
adjacent combustible material might be ignited. 

2. Flexible Connections. Where flexible connections are neces
sary the provisions of sub-pal'agl'aph A-2 of Order 13-5054 shall 
apply. 

B. Class III, Division 2. In Class III, Division 2 locations, the 
wiring method shall confol'm to paragraph A of this order, except 
that in sections, compartments 01' areas used solely for storage and 
containing no machinery, open wiring on insulators may be employed 
if installed to conform to Section 13-320, but only on condition that 
protection as required by Order 13-3212 be provided where conduc
tors are not run in roof spaces, and well out of reach of sources of 
mechanical injury. 

Ordet' 13-5074. Switches, Circuit-Breakers, Motor Controllers lind 
Fuses, Class nI, Divisions 1 and 2. 

Switches, circuit-breakers, motor controllers and fuses, including' 
pushbllttOlHl, relays and similar devices, shall be pl'ovided with tight 
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metal enclosures which shall (1) be equipped with telescoping Ol' 

close fitting covers, or with other effective means to prevent escape 
of sparks or burning material, and (2) have no openings (such as 
holes for attachment screws) through which, after installation, sparks 
or burning material might escape, or through which exterior accumu
lations of fibers or flyings or adjacent combustible material might be 
ignited. 

Order 13-5075. Control Transformers and Resistors, Class III, Divi
sions 1 and 2. 

Transformers, impedance coils and resistors used as or in conjunc
tion with control equipment for motors, generators and appliances,' 
shall conform to paragraph A of Order 13-5057. 

Order 13-5076. Motors and Generators. 

Motors and generators shall conform to the following: 
A. Class III, Divison 1. In 'Class III, Division 1 locations, motors, 

generators, and other rotating electrical machinery shall be totally
enclosed not ventilated, totally-enclosed pipe ventilated, or totally-

'. enclosed fan-cooled, except that in locations whe're, in the judgment 
of the code enforcing authority, only moderate accumulations of lint 
and flyings will be likely to collect on, in, or in the vicinity of a 
rotating electrical machine, and where such machine is readily acces
sible for routine cleaning and maintenance, self-cleaning textile mo
tors of the squirrel-cage type, standard open type machines without 
sliding contacts, centrifugal or other types of switching mechanism 
(including motor overload devices), or standard open type machines 
having such contacts, switching mechanisms or resistance devices en
closed within tight metal housings without ventilating or other open
ings, may be installed. 

B. Class III, Division 2. In Class III, Division 2 locations, motors, 
generators, and other rotating electrical machinery shall be totally
enclosed not ventilated, totally-enclosed pipe ventilated, or totally
enclosed fan-cooled. 

C. Protected Type, Class Ill, Divisions 1 and 2. Motors, genel'ators 
or other rotating electrical machinery of the protected or splash
proof type shall not be installed in Class III locations. 

Order 13-5077. Ventilating Piping, Class III, Divisions ( and 2. 

Vent pipes for motors, generators or other rotating electrical 
machinery, or for enclosures for electrical apparatus or equipment, 
shall be of metal not lighter than No. 24 USS gaug~, or of equally 
substantial non-combustible material, and shall (1) lead directly to 
a source of clean air outside of buildings, (2) be screened at the 
outer ends to prevent the entrance of small animals or birds, (3) be 
protected against mechanical damage and against rusting or other 
corrosive influences, and (4) vent pipes and their connections shall be 
sufficiently tight to prevent· the entrance of appreciable quantities 
of fibers or flyings into the ventilated equipment or enclosure, and 
to prevent the escape of sparks, flame or burning material which 
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might ignite accumulations of fibers or flyings or combustible mate
rial in the vicinity. For metal pipes, lock seams and riveted or 
welded joints may be used, and tight fitting slip joints may be used 
where some flexibility is necessary as at connections to motors. 

Order 13-5078. Appliances, Fixed and Portable, Class III, Divisions 1 
and 2. 

Appliances shall conform to the following: 
A. Heaters. Electrically-heated appliances shall be provided with 

dust-tight enclosures, and shall be approved for Class III locations. 
B. Motors. Motors of motor-driven appliances shall conform to 

paragraph B of Order 13-5076. Appliances which may be readily 
moved from one location to another should conform to requirements 
for the most hazardous location. 

C. Switches, Circuit-brealcelfs, Moto1' Controllers and Fuses. 
Switches, circuit-breakers, motor controllers and fuses shall conform 
to paragraph A of Order 13-5056. 

Order 13-5079. Lighting Fixtures, Class III, Divisions 1 and 2. 
Lamps shall be installed in fixtures which shall conform to the 

following: 
A. Const1·uction. Each fixture shall be of dust-tight type so de

signed that in. the event of burnout of lamp or lampholder, no spark 
or hot metal can escape from the fixture. Unless each fixture is so 
constructed that it will not accept a lamp of larger wattage than that 
for which it is designed, it shall be clearly marked to indicate the 
maximum wattage of lamp that should be used. 

R. Mechanical Injury. A fixture which may be exposed to mechan
ical injury shall be protected by a suitable guard. 

C. Pendent Fixtu1·es. Pendent ·fixtures shall be suspended by stems 
of threaded rigid conduit or threaded metal tubing of equivalent 
thiclmess. For stems longer than 12 inches, permanent and effective 
bracing against lateral displacement shall be provided at a level not 
more than 12 inches above the lower end of the stem, or flexibility 
in the form of a fitting or a flexible connector approved for the pur
pose shall be provided not more than 12 inches from the point of 
attachment to the supporting box or fitting. 

D. Supports. Boxes, box assemblies or fittings used for the sup
pOJ;.t of lighting ~xtures shall be of a type approved for the purpose. 

E. Portable Lamps. Portable lamps shaH be dust-tight, and shall 
be protected with substantial guards. Lampholders shall be of un
switched type with no exposed metal parts. Unless the portable lamp 
is so constructed that it will not accept a lamp of larger wattage 
than that 'for which it is designed, it shall be clearly marked to indi
cate the maximum wattage of lamp that should be used. 

Order 13-5080. Flexible Cords, Class III, Divisions 1 and 2. 
Flexible cords shall conform to Order 13-5062. 
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Order 13-5081. Receptacles and Attachment Plugs, Class III, Divi
sions 1 and 2. 

Receptacles and attachment plugs shall conform to paragraph B 
of Order 13-5063. 

Order 13-5082. Signal, Alarm, Remote-Control and Local Loud
Speal,er Intercommunication Systems, Class III, Divisions 1 
and 2. 

Signal, alarm, remote-control and local loud-speaker intercommu
nication systems shall conform to paragraph A of Order 13-5064. 

Order 13-5083 •. Electric Cranes, Class III, Divisions 1 and 2. 

Electric cranes may be installed under the following conditions: 
Electric cranes operating over combustible fibers shall not be oper
ated on a system with a grounded conductor. Feeders for electric 
cranes shall be furnished with a recording ground detector, and pro
tected by a relay which will automatically open the feeder circuit
breaker in the event of the insulation of the system falling below 
1000 ohms. Bare conductors for cranes operating in rooms used for 
the storage of combustible fibers shall be protected by barriers so 
arranged as to prevent any escape of sparks or hot particles, and 
the moving current collectors shall be so designed as to minimize 
sparking at sliding contacts. 

It is recommended that where the distance of travel permits, current 
to the crane be supplied through flexible cord approved for extra hard 
usage and equipped with approved type of reel or take-up device, 

Order 13-5084. Electric Trucl{s. 
Electric trucks shall conform to the following: 
A. Class III, Divison 1. Electric trucks shall not be used in Class 

III, Division 1 locations. 
B. Class III, Division 2, In Class III, Division 2 locations, electric 

trucks shall have wheels equipped with rubber tires or made of non
conducting material. Electric trucks shall have their batteries charged 
only in rooms meeting the requirements of Order 13-5085, 

Order 13-5085. Storage-Battery Charging Equipment, Class III, Divi
sions 1 and 2. 

Storage-battery charging equipment shall be located in separate 
rooms built or lined with substantial non-combustible materials so 
constructed as to adequately exclude flyings or lint, and shall be well 
ventilated, 

Order 13-5086. Live Part.s, Class III, Divisions 1 and 2. 
There shall be no exposed live parts except as provided in Order 

13-5083, 

Order 13-5087, Grounding, Class III, Divisions 1 and 2. 

Wiring and equipment shall be grounded in confoJ'mity with Order 
18-5066, 
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SECTION 13-510. GARAGES AND SIMILAR OCCUPANCIES 

GENERAL 

Order 13-5101. Scope. 
The provisions of this section shall apply to airplane hangars, 

garages, commercial garages, gasoline service stations, and other 
locations where gasoline 01' other highly volatile motor fuel is stored 
in vehicles, dispensed, 01' where service and repair operations are 
carried on with this type of equipment. Where service or repair op
erations involving more hazardous conditions are carried on, the pro
visions of other applicable sections of this code shall apply. The pro
visions of this section shall not apply to any portion of a building 
which is suitably cut off from the garage and not used for the above 
purpose. 

Ordel' 13-5102. General. 

This section provides additional required precautions in installation 
of electric equipment where volatile 01' flammable liquids are handled 
or used as fuel or power in self-propelled vehicles. 

Where reference is made in this section to a level of 4 feet above 
the floor, it shall be construed to mean each floor at or above grade 
level. In the case of floors below grade level, the measurement shall 
begin not at the floor but at the bottom of outside doors or other 
openings at 01' above grade level. 

Order 13-5103. Types of Equipment. 

Equipment which tends to produce arcs or sparks, such as cutouts, 
switches, receptacles, lampholders, charging panels, generators, mo
tors, 01' other equipment having make or break or sliding contacts, 
when located within 4 feet of the floor shall be of a type approved 
for use in Class I, Division 2 locations as defined in Section 13-500 
of this code. Equipment which may produce temperatures which may 
cause ignition of such fuel or gas, when located within 4 feet of the 
floor, shall be of a type approved for use in Class I, Division 2 loca
tions as defined in Section 13-500 of this code. Where such equipment 
is located above the 4-foot level, it shall be of the totally-enclosed 
type 01' shall have all openings guarded or screened so as to prevent 
the falling of hot metal particles in case an arc occurs. 

A. Show Rooms and Switchbowrd Rooms. Equipment located in a 
suitable room or enclosure provided for the purpose or in a show 
room separated from the garage proper by a partition which is rea
sonably tight up to the 4 foot level as defined in Order 13-5102, need 
not conform to the requirements of this order. 

Order 13-5104. Polarization of Pendants and Portables. 

If the wiring system is identified as provided in Section 13-200, 
flexible cords shall be identified and the identified conductor shall be 
connected to the screw shell of all lampholders on portables or pend-
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ants. Receptacles, attachment plugs, connectors, and similar devices 
shall be of the polarized type. 

Order 13-5105. Connectors. 
Cords used for the connection of portable appliances shall carry 

the male end of a polarity-type pin-plug connector, or equivalent, the 
female end being of such design or so hung that the connector will 
break apart readily at any position of the cable. The connector shall 
be kept at least 4 feet above the floor. A take-up reel or equivalent 
approved device may be used. 

Order 13-5106. Cord for Pendants. 
For pendants, flexible cord suitable for the type of service and 

approved for hard usage shall be used. 

Order 13-5107. Cord for Portables. 
For connection of portable lamps, motors or other appliances, flex

ible cord suitable for the type of service and approved for extra hard 
usage shall be used. 

Order 13-5108. Lampholders and Guards for Portables. 
Portable lamps shall be equipped with handle, lampholder, a hook 

and substantial lamp guard attached to the lampholder 01' handle. 
All exterior surfaces which might come in contact with other objects 
shall be of non-conducting material, or shall be effectively protected 
with insulation. Lampholders shall be of the unswitched type and 
.shall not provide means for plug-in of attachment cord caps. Lamp
holders shall be of the molded composition or other type approved 
for the purpose. Metalshell, lined lampholders, either of the switched 
or unswitched type, shall not be used. 

Order 13-5109. Portable Lampholders Used in Pits. 
Where portable lamps are used in pits or other places in which 

gasoline fumes are liable to settle, they shall be of a type approved 
for use in Class I, Division 2 locations as defined in Section 13-500 
of this code. 

Order 13-5110. Lampholders. 

Where practicable, lampholders shall have non-conducting outer 
casings. 

Order 13-5111. Live Parts. 

Live parts of equipment shall by guarded to prevent accidental 
contact. 

Order 13-5112. Grounding. 

All metallic conductor enclosures and the exposed metal parts of 
fixed equipment, except pendent or portable lamps operating on 
grounded systems of not more than 150 volts to ground, shall be 
grounded in the manner prescribed in Section 13-250. 
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RESIDENTIAL STORAGE GARAGES 

Order 13-5121. Residential Storage Garages-Six Cars or Less. 
All wiring located 4 feet or more above the floor may be of any 

type covered by the provisions of Chapter 3 of this code. 

COMMERCIAL GARAGES AND AIRPLANE HANGARS 

Order 13-5131. Commercial Garages and Airplane Hangars. 
Only metallic raceway or armored cable systems may be used. 

Cellular metal floor raceways may be used only for supplying ceiling 
outlets or extensions to the area below the floor but not above. No 
electric conductor shall be installed in any cell or header which con
tains a pipe for steam, water, air, gas, drainage, or other service 
than electrical. All wiring which is used in connection with equip
ment located below the 4 foot level shall be installed to conform to 
Section 13-500, Class I, Division 2, of this code. 

Order 13-5132. Battery-Charging Equipment. 
Battery chargers and control equipment shall be located at least t! 

feet above the floor. Tables, racks,· trays, and wiring methods shall 
in addition conform to the pr(>visions of Section 13-480. 

Order 13-5133. Electric Vehicle Charging. 
Equipment for electric vehicle charging shall conform to the fol-

lowing: . 
A. Type of Cord. Flexible cords used for charging purposes shall 

be suitable for the type of service and approved for extra hard usage. 
B. Connector 'Rating. Connectors shall be at least 50 amperes 

capacity. 
C. Connectors. Connectors shall be so designed and s.o installed 

that they will break apart readily at any position of the charging 
cable. Live parts shall be guarded from accidental contact. Where 
plugs for direct connection to vehicles are suspended from overhead, 
the cord shall be arranged so that the lowest point of sag is at least 
6 inches from the floor. Where the vehicle fs equipped with an ap
proved plug which will readily pull apart and is arranged to auto
matically pull both cord and plug out of the way so as not to be sub
ject to mechanical injury, no additional connector need be placed in 
the cable or at the outlet. 

GASOLINE DISPENSING AND SERVICE STATIONS 

Order 13-5141. Gasoline Dispensing and Motor-Vehicle S e l' vic e 
Station. 

Equipment for gasoline dispensing and motor-vehicle service sta
tions shall conform to Orders 13-5141, 13-5142 and 13-5143. 

A. Lubritorium Se1'vice and Repair Rooms. All wiring and equip
ment below 4 feet of the main level shall comply with the provisions 



200 VOLUME 2-0HnER 1:1-0141 

of Class I, Division 2, of Section 13-500 of this conc. All oihel' wiring 
shall conform to the provisions of Orner 13-5131. 

B. OthM' Locntiorll'l. Office, salesroom, compl'essor 1'ooms, and other 
similar areas which are suitably cut off from the lubritorium, service 
and repair rooms, shall be wired to comply with the provisions of 
Chapter 3 of this code. 

Order 13-5142. Dispensing Island. 
The wiring in a dispensing island shall conform to the following: 

A. All wiring and equipment less than 4 feet above the cal' drive 
level shall conform to the provisions of Section 13-500 for Class I, 
Division 1 locations. 

B. All conduits shall be sealed as they enter dispensing pumps 
or other equipment on the island. 

C. Conductors in conduits entering 01' leaving dispensing pumps, 
when covered with a rubber compound or other compound upon which 
the dispensed liquid will have a deleterious effect, must be sheathed 
with a suitable material such as lead. 

D. All circuits supplying dispensing pumps shall be controlled 
by a switch having a disconnecting pole in each conductor. 

Order 13-5143. Pole Standards. 

In an outside location, all wiring and equipment less than 4 feet 
above the adjacent ground 01' apron level, and less than 20 feet hori
zontally from any dispensing island 01' pump, tank fill-pipe, or tank 
vent-pipe, shall conform to the provisions of Section 13-500 for 
Class I, Division 2 locations, unless the authority enforcing the Code 
specifies conformance to requirements for Class I, Division 1 loca
tions. Approved seals shall be provided in all conduit runs leaving 
the defined area. 

BULK-STORAGE PLANTS 

Order 13-5151. Bulk-Storage Plants. 

A. Equipment for bulk-storage plants handling gasoline or other 
volatile liquids with similar hazards, shall conform to Orders 13-5152 
to 13-5157 inclusive. 

B. Electric lines operating at more than 300 volts to ground shall 
not pass over flammable liquids storage tanks and shall be kept at 
least 15 feet horizontally from such tanks. When the voltage is below 
300, a clearance both vertically and horizontally of not less than 8 
feet, shall be maintained. 

Order 13-5152. Equipment. 

Motors, controllers, wiring, and, equipment used as part of the 
bulk plant shall comply with the provisions of Section 13-500 of this 
code, unless the authority enforcing the Code judges a specific area 
or location to be non-hazardous, 
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Order 13-5153. Underground Wiring. 
Wiring located in not less than 2 feet of earth may be in rigid 

conduit, 01' an approved lead-covered cable assembly, provided that 
rigid conduit is used where these cables leave the earth extending 
from a point of lowest buried cable level to the equipment so served. 

Order 13-5154. Pole Standards. 
All outside wiring and equipment more than 15 feet above adja

cent ground level shall conform to the requirements of Chapter 3, 
unless the authority enforcing the Code specifies conformance to the 
provisions of Section 13-500. Wiring and equipment below that level 
shall conform to. the requirements of Section 13-500 unless the loca
tion is judged to be non-hazardous by the authority enforcing the 
Code. 

Order 13-5155. Platforms. 
All wiring and equipment located on filling platforms shall comply 

with the provisions of Section 13-500 of this code. 

Order 13-5156. Storage and Repair Garages for Tank Trucks. 
All wiring shall conform to the provisions of Class I, Division 2, 

of Section 13-500 of this code, unless the authority enforcing the 
Code specifies conformance to requirements for Class I, Division 1 
locations. 

Order 13-5157. Office Buildings. 
In office buildings, boiler rooms, and other building units isolated 

by -location and in which no gasoline or container are used or stored, 
the wiring shall comply with the provisions of Chapter 3 of this code. 

SECTION 13-520. THEATERS, INCLUDING MOTION 
PICTURE HOUSES 

Order 13-5201. Scope. 
The requirements of this section shall apply to all buildings, or 

part of a building, designed, intended, or used for dramatic, operatic, 
motion picture or other shows. 

Note. The Wisconsin State Building' Code contains definitions covering 
theaters and assembly halls. 

Order 13-5202. Emergency Lighting. 
An emergency lighting system shall be provided where the seating 

capacity of the auditorium exceeds 100 persons. When electricity is 
used for emergency lighting, this system shall conform to the re
quirements of Section 13-700. 

Order 13-5203. Motion Picture Projectors. 

Motion picture projectors shall comply with Section 13-540. 

Order 13-5204. Sound Reproduction. 

Sound reproducing equipment shall comply with Section 13-640. 
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INSTALLATION 

Order 13-5211. Wiring Method. 
The wiring method shall be metal raceways, except (1) as provided 

in Sections 13-640 and 13-800; (2) when the auditorium has a seat
ing capacity of 100 persons 01' less, armored cable as provided in 
Section 13-334 may be used, 01' for concealed work, concealed knob
and-tube work or non-metallic sheathed cable as provided in Sections 
13-324 and 13-336 may also be used. Portable cables may be used 
only where fixed wiring methods are impracticable. 

Order 13-5212. Number of Conductors in Race~ay. 
The number of conductors permitted in any metal conduit or elec

trical metallic tubing for border or stage pocket circuits or for remote
control conductors shall not exceed that shown in Table 9 of Chap
ter 10. The number of conductors for border or stage pocket circuits 
or for remote-control conductors in auxiliary gutters or metal wire
ways shall have a total cross sectional area not exceeding 20 per cent 
of the cross sectional area of the gutter or wireway. 

Order 13-5213. Conductor Insulation. 
Foot, border, proscenium, or portable strip light fixtures shall be 

wired with conductors having insulation suitable for the temperatures 
at which the conductors will be operated and not less than 125C 
(257F). See the table in Order 13-3102. 

STAGE SWITCHBOARD 

Order 13-5221. Dead Front. 
Stage switchboards shall be of the dead-front type. 

Order 13-5222. Guarding. 

Stage switchboards having exposed live parts on the back of such 
boards shall be enclosed by the building walls, wire mesh grills, or 
by other approved methods. The entrance to this enclosure shall be 
-by means of a self-closing door. 

Order 13-5223. Control and Overcurrent Protection of Receptacle 
Circuits. 

Means shall be provided at the stage switchboard for the control 
and individual overcurrent protection of branch circuits to stage and 
gallery receptacles used for portable stage equipment. 

Order 13-5224. Metal Hood. 

Stage switchboard shall be pl'ovided with a metal hood extending 
the full length of the board to protect all equipment on the board 
from falling objects, unless the switchboard is recessed in the building 
construction 01' is of the completely enclosed, dead-front and dead
real' type. 
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Order 13-5225. Dimmers. 
Dimmers shall conform to the following: 
A. Disconnection from Supply. If dimmers are installed in un

grounded conductors, each dimmer shall have overcurrent protection 
not greater than 125 per cent of the dimmer rating, and shall be dis
connected from all ungrounded conductors when the master or indi
vidual switch or circuit-breaker supplying such dimmer is in the 
open position. 

B. Resistance or Reactor Type Dimmers. Resistance or series re
actor type dimmers may be placed in either leg of the circuit. If de
signed to open either the supply circuit to the dimmer or the circuit 
controlled by it, the· dimmer shall then comply with Order 13-3801. 

It is recommended that resistance or reactor type dimmers be placed 
In the grounded neutral conductor of the circuit provided they do not 
open the circuit. 

C. Auto-Transformer Type Dimmers. An auto-transformer type of 
dimmer shall be energized by a circuit operating at not more than 
150 volts between conductors and the grounded conductor shall be 
common to both the input and the output of the auto-transformer. 

STAGE EQUIPMENT-FIXED 

Order 13-5241. Circuit Loads. 
Footlights, border lights, and proscenium side lights shall be so 

arranged that no branch circuit supplying such equipment will carry 
a load exceeding 15 amperes; provided that where heavy duty lamp
holders only are used such circuits may conform to the provisions 
of Section 13-210 for circuits supplying heavy duty lampholders. 

Order 13-5242. Footlights. 
If the metal trough construction specified in Order 13-5281 is not 

used, footlights shall consist of individual outlets with lampholders, 
wired with rigid or flexible metal conduit. The circuit conductors shall 
be soldered to the lampholder terminals. Disappearing footlights shall 
be so arranged that the current supply shall be automatically discon
nected when the footlights are replaced in the recess designed 
therefor. 

Order 13-5243. Cables for Border Lights. 
Cables for border lights shall be Types K, S, SO, SU, SUO, 01' 

ST flexible cord. See Table 31 of Chapter 10. The cables shall be suit
ably supported. Such cables shall be employed only where flexible 
conductors are necessary. 

Order 13-5244. Receptacles. 
Receptacles intended for the connection of arc lamps shall have not 

less than 35 amperes capacity and shall be supplied by conductors 
not smaller than No.6. Receptacles intended for the connection of 
incandescent lamps shall have not less than 15 amperes capacity and 
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shall be supplied by conductors not smaller than No. 12. Plugs for arc 
and incandescent receptacles shall not be interchangeable. 

Order 13-5245. Lamps in Scene Docks. 
Lamps installed in scene docks shall be so located and guarded as 

to be free from mechanical injury and provide an air space of not 
less than 2 inches between such lamps and any combustible material. 

Order 13-5246. Curtain Motors. 

Curtain motors having brushes or sliding contacts shall comply 
with Ordel' 15-5310. 

Order 13-5247. Flue Damper Control. 

If stage flue dampers are released by an electrical device, the cir
cuit operating the latter shall be normally closed and shall be con
trolled by at least 2 externally operable switches, one switch being 
placed at the electrician's station and the other where designated by 
the inspection authority. The device shall be designed for the full 
voltage of the circuit to which it is connected, no resistance being in
serted. It shall be located in the loft above the scenery and shall be 
enclosed in a suitable iron box having a tight, self-closing door. 

STAGE EQUIPMENT-PORTABLE 

Order 13-5251. Arc Lamps. 
Arc lamp frames and standards shall be so installed and guarded 

as to prevent their becoming grounded. 

Order 13-5252. Lights on Scenery. 
Brackets on scenery shall be wired internally and the fixture stem 

shall be carried through to the back of the scenery where a bushing 
shall be placed on the end of the stem, except that externally wired 
brackets or other fixtures may be used when wired with Type P or 
other cords designed for hard usage which shall extend through 
scenery and without joint or splice in canopy of fixture back and 
terminate in an approved type stage connector located within 18 
inches of the fixture. Fixtures shall be securely fastened in place. 

Order 13-5253. Festoons. 
Joints in festoon wiring shall be staggered where practicable. 

Lamps enclosed in lanterns or similar devices of combustible mate
rial shall be equipped with approved guards. 

Order 13-5254. Special Effects. . 
Electrical devices used for simulating lightning, waterfalls, and the 

like, shall be so constructed and located that flames, s.parles, 01' hot 
particles, cannot come in contact with combustible material. 

Order 13-5255. Connectors for Flexible Conductors. 
Connectors for flexible conductors shall be so constructed that ten

sion on the cord 01' cable will not be transmitted to the connections. 
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The female half of the connector shall be attached to the live end of 
the cord or cable. 

Order 13-5256. Conductors for Portables. 

Flexible conductors used to supply portable stage equipment shall 
be Types K, S, SO, SU, SUO or ST, except that reinforced cord may 
be used to supply stand lamps if the cord is not liable to severe me
chanical injury and is protected by an overcurrent protection at not 
over 15 amperes. 

DRESSING ROOMS 

Order 13-5261. Pendants. 

Lamp pendants shall not be installed in dressing rooms. Each re
ceptacle shall be provided with a pilot light to indicate when a plug 
is inserted into the receptacle. 

Ordet· 13-5262. Lamp Guards. 

All incandescent lamps in dressing rooms, if less than 8 feet from 
the floor, shall be equipped with open end guards riveted to the .outlet 
box cover 01' otherwise sealed 01' locked in place. 

Order 13-5263. Switches Required. 

Wall switches shall be installed for the control of all lights and 
receptacles in dressing rooms. 

GROUNDING 

Order 13-5271, Grounding. 

All metal raceways shall be grounded. The metal frames and en
closures of equipment including border lights shall be grounded, ex
cept the frames and enclosures of portable equipment on grounded 
circuits operating at not over 150 volts. Grounding, if employed, shall 
be done in the manner specified in Section 13-250. 

CONSTRUCTION 

Order 13-5281. Footlights. 

If metal trough construction is employed for footlights, the trough 
containing the circuit conductors shall be made of sheet metal not 
lighter than No. 20 USS sheet metal gauge (.0359 inch in thickness) 
treated to prevent oxidation. Lampholder terminals shall be kept at 
least 112 inch from the metal of the trough. The circuit conductors 
shall be soldered to the lampholder terminals. 

Order 13-5282. Borders and Proscenium Sidelights. 

Borders and proscenium sidelights shall be constructed as prescribed 
in order 13-5281, shall be suitably stayed and supported, and shall be 
so designed that the flanges of the reflectors or other adequate guards 
will protect the lamps from mechanical injury and from accidental 
contact with scenery or other combustible material. 
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Order 13-5283. Pockets. 
Receptacles intended for the connection of portable stage lighting 

equipment shall be mounted in suitable pockets or enclosures, and 
shall comply with the i'equirements of order 13-5244. 

Order 13-5284. Arc Lamps. 
Arc lamps shall comply with the following: 
A. Geneml. Portable arc lamps shall be substantially constructed 

entirely of metal not less than No. 20 USS sheet metal gauge (.0359 
inch), except where approved insulating material is ne,cessary. The 
design shall be such as to provide propel' ventilation while retaining 
sparks, and to prevent carbons 01' other live parts of lamp from mak-
ing contact with metal of hood. . 

B. Hoods. Hoods for other than lens lamps shall have the front 
opening equipped with a self-closing hinged door frame carrying 
either wire gauze 01' glass. Hoods for lens lamps may have a sta
tionary front, and a solid door on either back 01' side. 

C. Insulation. Mica shall be used for the insulation of the lamp 
frame. . 

D. Switch. The switch on the standard shall be of such dQsign that 
accidental contact with any live part will be impossible. 

E. Rheostats. Rheostats shall be enclosed in a substantial, properly 
ventilated metal case affording a clearance of at least 1 inch between 
case and resistance element. If the rheostat is mounted on the stand

.ard, a clearance of 3 inches above the fioor shall be maintained. 
Asbestos covered Type AA conductors shall be used between the 

rheostat and the lamp. 
F. Terminals. If stranded conductors are used, they shall be con

nected to lamp, rheostat and switch terminals by means of approved 
lugs or connectors; provided that approved pressure connectors shall 
be used at arc lamp terminals. . 

Order 13-5285. Portable Strips. 
Portable strips shall be constructed in accol'dance with the requh'e

ments for border lights and proscenium side lights in order 13-5282. 
The supply cable shall be protect~d by bushings where it passes 
through metal and shall be so arranged that tension on the cable will 
not be transmitted to the connections. 

Order 13-5286. Portable Plugging Boxes. 
Portable plugging boxes shall conform to the following: 
A. Enclosure. The construction shall be such that no current-carry

ing part will be exposed. 
B. Receptacles and Overcurrent 'P1'otection. Each receptacle shall 

have a current-carrying capacity of not less than 30 amperes, and 
shall be protected by over-current devices installed in an approved 
enclosure equipped with selfclosing doors. 

C. Busba1's and Terminals. Busbars shall have a current-carrying 
capacity equal to the sum of the ampere ratings of all the receptacles. 
Lugs shall be provided for the connection of the master cable. 
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PORTABLE SWITCHBOARDS ON STAGE 

Order 13-5291. Supply. 
Portable switchboards shall be supplied only from outlets especially 

provided for this purpose. Such outlets shall consist of externally 
operable, enclosed fused switches or circuit-breakers mounted on the 
stage wall or at the switchboard in locations rcadily accessible from 
the stage floor. 

Ol'del' 13-5292. Overcurrent Protection. 
Circuits from portable switchboards directly supplying equipment 

containing incandescent lamps of the medium base or smaller types 
shall be protected by overcurrent devices having a rating- 01' setting 
of not more than 15 amperes. Circuits for heavy-duty lamp holders 
may be used if overcurrent protection conforms to the provisions 
of Section 13-210. Other circuits shall be provided with overcurrent 
devices with a rating or setting not higher than the current required 
for the connected load. 

Order 13-5293. Construction. 
Portable switchboarqs for use on stages shall comply with the 

following: 
A. EncloSll1'e. Portable switchboards shall be placed within an en

closure of substantial construction which may be so arranged that 
the enclosure is open during operation. Enclosures of wood shall be 
completely lined with sheet metal of not less than No. 24 USS gauge 
(.0239 inch), and if not of corrosion-resistant type shall be well 
galvanized, enameled, or otherwise properly coated to prevent cor
rosion. 

B. Live Pa1'ts. Except as provided for dimmer face plates in para
graph E there shall be no exposed live parts within the enclosure. 

C. Switches and Circuit-Breakers. All switches and circuit-breakers 
shall be of the externally-operable, enclosed type. 

D. Circuit Protection. Overcurrent devices shall be provided in 
each ungrounded conductor of every circuit suppliG!d through the 
switchboard. Enclosures shall be provided for all overcurrent devices 
in addition to the switchboard enclosure. 

E. Dimme1·s. The terminals of dimmers shall be provided with en
closures, and dimmer face plates shall be so arranged that accidental 
contact cannot be readily made with the face-plate contacts. 

F. Interior Conductors. All conductors within the switchboard en
closure shall be stranded and, except for cables feeding to or from 
the switchboard, shall be asbestos-covered Type AA or other types 
approved for a maximum operating temperature of 200C (392F). 
Each conductor shall have a current-carrying capacity at least equal 
to the rating of the circuit-breaker, switch or cutout which it supplies, 
excCiiJt for conductors for incandescent lamp circuits having over
current protection not exceeding 15 amperes. Conductors shall be 
enclosed in metal troughs or securely fastened in position and shall 
be bushed where they pass through metal. 
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G. Pilot Light. A pilot light shall be provided within the enclosure 
and shall be so connected to the circuit supplying the board that 
the opening of the master switch will not cut off the supply to the 
lamp. This lamp shall be on an independent circuit having overcUl'rent 
protection of a rating or setting of not more than 15 amperes. 

H. Supply Conneotions. The supply to a portable switchboard shall 
be by means of flexible cord (Types K, S, SU or SUO) terminating 
within the switchboard enclosure or in an externally-operable fused 
master switch or circuit-breaker. The supply cable shall have suffi
cient current-carrying capacity to carry the total load on the switch
board and shall be protected by overcurrent devices. 

I. Cable Ar1·angement. Cables shall be protected by bushings where 
they pass through enclosures and shall be so arranged that tension 
on the cable will not be transmitted to the connections. 

J. Te1·minals. Terminals to which stage cables are connected shall 
be so located as to permit convenient access to the terminals. At 
terminals not provided with approved pressure connectors the fol
lowing construction shall be employed: 

1. For conductors of No. 10 or larger, solder lugs shall be used. 
2. For conductors smaller than No. 10, the strands shall be 

soldered together when connected to clamps or binding screws not 
specifically approved as pressure connectors. 

SECTION 13-530. MOTION PICTURE STUDIOS 
AND SIMILAR LOCATIONS 

Order 13-5301. Scope. 
The requirements of this section shall apply to a motion picture 

studio, exchange, factory or laboratory building, or a portion of the 
building in which motion picture films are manufactured, exposed, de
veloped, printed, rewound, repaired or stored. This section shall not 
apply where only approved slow-burning (cellulose acetate or equiva
lent) film is used. 

Note. The Wisconsin State Building Code covers the requirements as 
to construction for buildings of this class. 

Order 13-5302. Sound Recording. 
Installations for sound recording shall conform to the provisions 

of Section 13-640. 

Order 13-5303. Wiring Methods. 
The wiring method shall be metal raceways except as provided 

in Sections 13-640 and 13-800. Portable cables or flexible cord may 
be used on studio stages and at other locations where fixed wiring 
methods are impracticable. 

Order 13-5304. Side Wall Lamps. 
Lampholders on fixtures if less than 8 feet from the fluor shaij be 

equipped with vaporlight globes or shall be provided with open end 
g'uards riveted to the outlet box cover or otherwise sealed or locked 
in place. 
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Order 13-5305. Pendent Lamps. 
Pendent lamps shall not be installed in permanent dressing rooms. 

Order 13-5306. Lamps at Patching Tables. 
At patching tables, composition or metal sheathed porcelain keyless 

lampholders shall be employed and shall be equipped with guards to 
protect the lamps from mechanical injury. 

Order 13-5307. Lamps in Film Vaults. 
In film-storage vaults lamps shall be installed on rigid fixtures 

and enclosed in vaportight globes. Lamps shall be controlled by a 
double-pole switch located outside the vault. This double-pole switch 
shall disconnect from the source of supply all conductors terminating 
in any outlet box in the vault, and no conductors other than those 
controlled by the double-pole switch shall terminate 01' pass through 
any outlet box in the vault. Electric motors or portable lamps shall 
not be placed in the vault. 

Order 13-5308. Portable Lamps. 
For portable . lamps, composition 01' metal-sheathed porcelain un

switched lampholders shall be used. The cord shall carry the male end 
of a pin-plug connector 01' equivalent, the female end being of such 
design 01' so hung that the connector will readily break apart at any 
position of the cord. The connector shall be kept at least 1 foot from 
the floor. The lampholder shall be provided with a guard, hook, and 
handle. The provisions of this order shall not apply to portable lamps 
used as properties in a motion picture set on a studio stage 01' similar 
location. 

Order 13-5309. Flexible Cords. 
Types S, SO, SU, SUO 01' ST cord shall be used on portable lamps 

and equipment, except that portable lamps used as stage properties 
in a motion picture set on a studio stage or similar location may be 
used with any approved type of cord with which they may be 
equipped. See Table 31 of Chapter 10. 

Order 13-5310. Motors and Generators. 
If motors or generators having brushes or sliding contacts are used 

they shall meet one of the following conditions: 
A. Be of the totally-enclosed, enclosed-fan-cooled, or enclosed

pipe-ventilated types. 
B. Be enclosed in separate rooms 01' housings built of non-com

bustible materials so constructed as to exclude flyings or lint, and 
properly ventilated from a source of clean ail'. 

C. Have brush 01' sliding-contact end of motor enclosed by solid 
metal covers. 

D. Have brushes or sliding-contacts enclosed in substantial, tight, 
metal housing. 

E. Have upper half of brush 01' sliding-contact end of the motor 
enclosed by a wire screen 01' perforated metal and the lower half 
enclosed by solid metal covers. 
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F. Have wire screens or perforated metal placed at the commu
tator or brush ends. No dimension of any opening in the wire screen 
or perforated metal shall exceed .05 inch, regardless of the shape of 
the opening and of the material used. 

Order 13-5311. Motor and Generator on Studio Stages. 
The provisions of order 13-5310 shall not apply to motors or gener

ators used on studio stages, but the live parts of such motors or gen
erators shall be otherwise guarded or enclosed in conformity with 
the provisions of order 13-5313. 

Order 13-5312. Switches. 
Switches shall be of the externally-operable type. 

Order 13-5313. Live Parts. 
Live parts shall be enclosed to prevent accidental contact by per

sons or objects. Rheostats shall be enclosed and externally operable. 

Order 13-5314. Grounding. 
All metal raceways, cable armor, and the exposed metal frames of 

all equipment and enclosures shall be grounded, except pendent and 
portable lamps operating at not more than 150 volts to ground. 

SECTION 13-540. MOTION PICTURE PROJECTORS 

Order 13-5401. Professional-Type Projectors. 
The professional type of projector, such as is commonly used in 

theaters and motion picture houses, shall be located in an approved 
enclosure. Such enclosure shall not be considered as a Hazardous Lo
cation as defined in Section 13-500. 

The professional projector employs a 35 millimeter film which is 1 % 
inch wide and has on each edge 5.4 perforations per inch. (This includes 
any projector using nitro-cellulose film.) 

Note. The Wisconsin State Building Code contains requiremcnts for 
enclosures or booths to use with professional type projeetors. 

Order 13-5402. Non-Professional Type Projectors. 
Projectors of the non-professional or miniature type, if employing 

only approved slow-burning (cellulose acetate or equivalent) film, 
may be operated without a booth. 

Order 13-5403. Sound Recording and Reproduction. 
Sound recording and reproduction equipment shall comply with 

Section 13-640. 

EQUIPMENT AND PROJECTORS OF THE PROFESSIONAL 
TYPE 

Order 13-5411. Motor-Driven Projectorll. 
Motor-driven projectors shall be approved for the purpoHe as all 

assembly or shall comply with all of the following .conditions: 
A. An approved projector shall be used. 
n. An approved projector lahlp shall be uHed. 
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C. Motors shall be so designed or guarded as to prevent ignition 
of film by sparks or arcs. 

D. Projectors shall be in charge of a qualified operator. 

Order 13-5412. Conductor Size. 
Conductors supplying outlets for projectors of the professional 

type shall not be smaller than No. 8 and shall be of suffieient size 
for the projector employed. 

Order 13-5413. Conductor Insulation. 
Asbestos-covered conductors Type AA or other types of insulated 

conductors having a maximum operating temperature of 200 C (392F) 
shall be used on all lamps 01' other equipment when the ambient 
temperature at the conductors as installed will exceed 50C (122F). 

Order 13-5414. Flexible Cords. 
Cords approved for hard service in Table 31 of Chapter 10 shall 

be used on portable equipment. 

Order 13-5415. Lamp Guards. 
Incandescent lamps in projection rooms or booths shall be provided 

with an approved lamp guard unless otherwise protected by non
combustible shades 01' other enclosures. 

Order 13-5416. Location of Equipment. 
Motor generator sets, transformers, rectifiers, rheostats, and sim

ilar equipment, for the supply or control of current to arc lamps on 
projectors shall, if practicable, be located in separate rooms. If placed 
in the projector room, they shall be so located or guarded that arcs 
or sparks cannot COl1;le in contact with film, and motor generator sets 
shall have the commutator end or ends protected as provided in 
order 13-5310. 

Order 13-5417. Rewinding, Examination and Storage of Extra Films. 
It is recommended that the authority having jurisdiction refer to 

the standards of the National Board of Fire Underwriters. See Publi
cation No. 40, Nitrocellulose Motion Picture Film. 

Note. Any requirements in the 'Wisconsin State Building Code shall be 
observed. 

Order 13-5418. Equipment Prohibited. 
No switches, overcurrent devices, or other equipment not normally 

required 01' used for projectors, sound reproduction, flood, or other 
special effect lamps or other equipment shall be installed in such 
booths or rooms except remote-control switches for the control of 
auditorium lights or a switch for the motor operating the curtain 
at the motion-picture screen. 

Order 13-5419. Construction and Ventilation. 
It is recommended that the authority having jurisdiction over 

the construction and ventilation of rooms for professional type pro
jectors refer to the standards of the National Board of Fire Under
writers on "Nitrocellulose Motion Picture Film". 
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CONSTRUCTION 

Order 13-5431. Equipment and Projectors of the Professional 'l'YllC. 

Equipment and projectors of the pl'ofessional type shall comply 
with the following: 

A. Approved Type. Projectors and enclosures for arc or incan
descent lamps, rectifiers, transformers, rheostats, and similar equip
ment, shall be of an approved type. 

B. Narne Plate. Projectors and other equipment as set forth in 
paragraph A .of this order, shall be marked with the name 01' trade
mark of the maker and with the voltage and current for which they 
are designed. 

Order 13-543.2. Projectors of the Non-Professional Type. 
Projectors of the non-professional type shall comply with the fol

lowing: 
A. ApIY/,oved Type. Projectors, lamp enclosures, and current con

trolling devices and similar devices shall be approved as component 
parts of the projector equipment. 

B. Name-Plate. Projectors shall be marked with name or trade
mark of the maker, with the current and voltage for which they 
are designed, and for projectors of this type using the standard 35 
millimeter film, with the wording "For use with slow~burning films 
only." 

C. Source of Ill1tmination. The source of illumination shall be a 
lamp of a type approved for stereopticon use 01' for motion picture 
projection. 

D. Film to Be Ma1·ked. The slow-burning (cellulose acetate or 
equivalent) film shall have a permanent distinctive marker for its 
entire length identifying the manufacturer and the slow-burning 
character of the film stock. 

Order 13-5433. Booths for Projectors of the Professional Type. 
Note. Requirements for booths to be used with projectors of the pro

fessional type will be found in the Wisconsin State Building Code. 

SECTION 13-560 FARM WIRING 

Order 13-5601. General 
Farms contain a variety of different locations from dry to . corrosive 

and are generally located in areas where it is difficult to obtain 
low resistance grounds. In addition farm animals are often in a 
position where they form a path to ground for any electric charge 
which may appear on stanchions. 

Order 13-5602. Service. 
The electric service may be brought to one point or one building 

and complete service equipment placed at that point 01' the service 
entrance equipment may be omitted. If the service entrance equip
ment is placed at one point, disconnect means shall be placed at each 
building but service cable and entrance is not necessary. If service 
disconnect means are not located at one point each building shall 
have a complete service entrance. 
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The water pump may be connected in such a way that the open
ing of other than its own circuit protection will not interrupt service 
to the pump. 

Service equipment and any other outdoor electrical equipment 
should be placed at least 6 feet above the ground. 

Order 13-5603. Grounding. 
The neutral conductor and service raceway shall be grounded 

at the entrance to each building served. If the water system on the 
farm has less than 50 feet of buried pipe in addition to the well the 
water system shall be grounded to two made electrodes at least 6 feet 
apart. 

Note: Any metal stanchions or other metal objects in contact with 
animals should be insulated from the metal in contact with the g'l'onnd 
electrode if this is possible. It may be necessal'y to install a gTavily 
feed to water cups 01' use hoses arranged to drain when shut off. The 
metal in contact with animals may be grounded separately, Additional 
protection for animals in stanchions could be provided by bonding all 
parts of the stanchions together and placing metal reinforcing' rods 
bonded to the stanchions in the floor, 

The neutral conductor shall be grounded at each building even 
though there may be no service entrance equipment. In addition 
a ground shall be carried back from metal enclosures of electrical 
equipment to the point where the neutral is grounded. The ground 
for non-current carrying parts and the neutral shall be tied together 
at the grounding point. 

Order 13-5604. Wiring. 
The following types of wiring may be used for different farm 

locations: 
A. Spaces where livestock is housed, milk house, utility rooms, 

pump houses, cooling rooms, root cellars, silos, chicken coops, and 
basements, knob and tube wiring or nonabsorbent (Neoprene jacket) 
non-metallic sheathed cable shall be used. In addition, insulated 
boxes, lampholders, ducts, and bushings should be used. The type 
of insulation recommended is porcelain. If some metal enclosures 
must be used they shall be mounted on inSUlating material out of 
contact with masonry. Entrance switches and distribution cabinets 
may be placed outside and this is recommended where corrosive, tem
perature and moisture conditions within the building warrant. 

B. Dry portions of living quarters, any type of wiring system 
authorized by this Code may be used. 

C. Workshops, storage sheds, shelters, tobacco sheds, any type 
of wiring system authorized by this code may be used. 

D. Hay mows and granaries. Any type of wiring authorized 
by this code may be used, provided all lamps are installed in a vertical 
position and protected with a dust-tight fixture, all wiring is arranged 
or enclosed to keep hay and grain away, and ducts if used arranged 
to reduce condensation and to drain. 

E. Outside wiring. For outside wiring requirements see Sec
tion 13-730. 
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Chapter 6. Special Equipment 

SECTION 13-600. SIGNS AND OUTLINE LIGHTING 

Order 13-6001. Scope. 
The provisions of this section shall apply to the installation of con

ductors and equipment for signs and outline lighting as defined in 
order 1020. 

Order 13-6002. Switch Required. 
Each outline lighting installation, and each sign of other than the 

portable type, shall be controlled by an externally-operable switch 
which will open all ungrounded conductors and shall be suitable 
for conditions of installation, such as exposure to the weather. 

Note. The intent of this rule is to prohibit one sign enclosure being 
used as a pull box or raceway for conductors supplying other signs or 
equipment. 

Order 13-6003. In Sight of Sign. 
The switch required by order 13-6002 shall be within sight of the 

sign or outline lighting which it controls or may be located else
where if capable of being locked in the open position. 

Order 13-6004. Rating. 
Switches, flashers, and similar devices controlling transformers 

shall be either of a type approved for the purpose, or have a current 
rating not less than twice the current rating of the transformers. 

Order 13-6005. Grounding. 
Signs, troughs, tube terminal boxes and other metal frames shall 

be grounded in the manner specified in Section 13-250 of this code, 
unless they are insulated from ground and from other conducting 
surfaces and are inaccessible to unauthorized persons. This does not 
apply to signs of the portable incandescent-lamp type nor to the port
able fluorescent-lamp type where the open-circuit voltage does not 
exceed 150 volts to ground. Isolated non-current-carrying metal parts 
of outline lighting may be bonded by No. 14 conductors and grounded 
in accordance with Section 13-250. 

Order 13-6006. Load of Branch Circuit. 
Circuits shall be so arranged that the number of outlets, lamps, and 

transformers connected to them, shall in no case place more than 15 
amperes on a branch circuit. 

Order 13-6007. Marking. 
All signs shall be marked with the maker's name, and for incan

descent-lamp signs with the number of lampholders, and for electric 
discharge signs with input amperes at full load and input voltage. 

\ 
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Transformers shall be marked with the maker's name, and trans
formers for electric discharge sigr.s shall be marked with the input 
rating in amperes or volt-amperes, the input voltage and the open
circuit high-tension voltage. The marking of the sign shall be visible 
for inspection after installation. 

Order 13-6008. Enclosures. 

E~closures for signs and outline lighting shall conform to the 
following: 

A. ConductQ?'s and Terminals. Sign boxes, cabinets, and outline 
troughs shall have conductors and terminals, except the supply leads, 
enclosQd. 

B. Cutouts, Flashers, Etc. Cutouts, flashers and similar devices, 
if a part of the sign, shall be in a separate compartment. If not a 
part of the sign, they shall be enclosed in approved metal boxes 
the doors of which shall be arranged so that they can be opened 
without removing obstructions or finished parts of the enclosure. 

C. Enclosures Exposed to the Weather. Enclosures for outside use 
shall be weatherproof and shall have an ample number of drain 
holes, each not larger than % inch or smaller than 1,4 inch. Wiring 
connections shall not be made through the bottoms of enclosures 
exposed to the weather unless the enclosures are of the raintight 
type. 

D. Material. Except for portable signs of the indoor type, signs 
and outline lighting shall be constructed of metal or other non
combustible material. Wood may be used for external decoration if 
placed at least 2 inches from the nearest lampholder or current
carrying part. 

E. Strength. Enclosures shall have ample strength and rigidity. 
F. Thickness of Metal. Sheet copper shall be at least 20 ounce 

(0.028 inch). Sheet steel may be of No. 28 USS gauge (.0149 inch) 
except that for outline lighting and for electric discharge signs sheet 
steel shall be of No. 24 USS gauge (.0239 inch), unless ribbed, cor
rugated or embossed over its entire surface, when it may be of No. 
26 USS gauge (.0179 inch). 

G. Protection of Metal. All metallic parts of enclosures shall be 
galvanized\~herwise protected from corrosion. 

Order 13-6009. ~ortable Gas Tube Signs. 
All gas tube signs not coming within the definition of portable shall 

be wired in accordance with the code rule. Satisfactory portable signs 
may be installed by connection with portable cord. 

Note. As applied to Neon or gas tube signs, portable means less than 
75 pounds' in weight and 10 square feet over the largest surface, with all 
high tension wires and tube terminals within the sign enclosure proper, 
Ilnd lhe tubes or lamps fastened only to and not extending ueyond the 
llign surface 01' backgrollnd. All portable gas lube signs shall have the 
metal enclosure grounded by a three-wire cord connected to a thl'ee
point receptacle and the portable cord shall be limited to six feet In 
length. . 
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Order 13-6011. 'rube Terminals. 
The terminals shall be so designed that the tubing can be replaced 

without the necessity of exposing uninsulated live parts. If the spring 
contact type of receptacle is used, it shall be so designed that, even 
with the tube removed, the live spring will be recessed a distance 
equal to three times the diameter of the receptacle opening. It is rec
ommended that the primary circuit be controlled by a relay that will 
open the circuit when a tube in the secondary circuit is broken or 
removed. Live parts shall be protected by barriers which require other 
than ordinary tools such as pliers and screw-drivers for removal unless 
access to the parts requires the disconnection of the primary circuit. 
(See Order 13-4202) 

SIGNS AND OUTLINE LIGHTING-600 VOLTS OR LESS 

Order 13-6021. Installation of Conductors. 
Conductors shall be installed as follows: 

A. Method of Wiring. Conductors shall be installed as open con
ductors on insulators, or in rigid metal conduit, flexible metal conduit, 
electrical metallic tubing, armored cable, or metal troughing. 

B. Insulation and Size. Conductors shall be of a type approved 
for general use and, except in portable signs and for short leads per
manently attached to lampholders or ballasts, shall be not smaller 
than No. 14. 

'C. Exposed to the Weath81·. Conductors in rigid conduit, electrical 
metallic tubing, flexible metal conduit, armored cable, or in metal 
troughing exposed to the weather, shall be of the lead covered type or 
other type specially approved for the conditions, except where rigid 
conduit, electrical metallic tubing, or enclosures are made raintight 
and arranged to drain. 

D. Numbe1' of Conductors in Raceway. For sign flashers the number 
of conductors in conduit or tubing may be in accordance with Table 9 
of Chapter 10. 

E. Open Conduct01's. Open conductors on insulators shall comply 
with the provisions of Orders 13-3002 to 13-3020 inclusive, Section 
13-300, and, if outdoors, Section 13-730, except that the separation 
between conductors need be only 2 inches; provided, that open conduc
tors may be supported by lampholders located not more than 1 foot 
apart. 

F. Conduct01's Sold81'ed to T81·minals. Where the conductors are 
fastened to lampholders other than of the pin type, they shall be 
soldered to the terminals and the exposed parts of conductors and ter
minals shall be treated to prevent corrosion. Where the conductors 
are fastened to pin type lampholders which protect the terminals fro111 
the entrance of water, and which have been found acceptable for sign 
use, the conductors shall be of the stranded type but need not be 
soldered to the terminals. 
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Order 13-6022. Lampholders. 
Lampholders shall be of the unswitched type having bodies of suit

able insulating material and shall be so constructed and installed as 
to prevent turning. Miniature lampholdel's shall not be employed for 
outdoor signs and outline lighting. 

SIGNS AND OUTLINE LIGHTING-EXCEEDING 600 VOLTS 

Order 13-6031. Installation of Conductors. 
Conductors shall be installed as follows: 
A. Wiring Method. Conductors shall be installed as open work, as 

concealed conductors on insulators, or in rigid 01' flexible metal con
duit or electrical metallic tubing. Conductors may be run from the 
ends of tubing to the grounded midpoint of transformers specifically 
designed for the purpose and provided with terminals at the mid
point. Where such connections are made to the transformer grounded 
midpoint, the connections between the high voltage terminals of the 
transformer and the line ends of the tubing shall be as short as 
possible. 

B. Insulation and Size. Conductors shall be of a type approved for 
the purpose and for the voltage of the circuit, and shall be not smaller 
than No. 14. 

C. Bends in Conductors. Sharp bends in the conductors shall be 
avoided. 

D. Open Conduct01's-Indoor. Open conductors indoors shall be 
mounted on non-combustible, non-absorptive insulators. Insulators of 
porcelain shall be glazed on all exposed surfaces. A separation of at 
least 1* inches shall be maintained between conductors and behveen 
conductors and other objects. Conductors shall not be located where 
subject to mechanical injury. 

E. Concealed Conductors on Insulators-Indo01·s. Concealed con
ductors on insulators shall be separated from each other and from 
all objects other than the insulators on which they are mounted by a 
spacing of not less than 1* inches for voltages above 10,000 volts, 
and not less than 1 inch for voltages of 10,000 or less. They shall be 
installed in channels lined with non-combustible material and used 
for no other purpose, except that the primary circuit conductors may 
be in the same channel. The insulators shall be of non-combustible, 
non-absorptive material. 

F. Show Windows and Simila1' Locations. If conductors hang freely 
in the air, away from combustible material, and if not subject to 
mechanical injury, as in some show window displays, they need not 
be otherwise protected. 

G. Conductors in Raceways. If the conductors are covered with lead 
01' other metal sheathing, the covering shall extend beyond the end 
of the raceway, and the surface of the cable shall not be injured 
where the covering terminates. In damp or wet locations, the insula
tion on all conductors shall extend beyond the metal covering 01' 

raceway at least 4 inches for voltages over 10,000, B inches for volt-
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ages over 5,000 but not exceeding 10,000 and 2 inches for voltages of 
5,000 or less. In dry locations the insulation shall extend beyond the 
end of the metal covering or raceways not less than 23h inches for 
voltages over 10,000, 2 inches for voltages over 5,000 but not ex
ceeding 10,000 and 13h inches for voltages of 5,000 or less. For con
ductors at grounded midpoint terminals, no spacing is required. Not 
more than 20 feet of cable from a single transformer shall be run 
in metal raceway where the potential between the cable and the 
raceway is more than 5,000 volts. 

H. Open ConductM's-Outdoors; Open conductors outdoors shall 
be mounted on non-com,bustible, non-absorptive insulators. Insulators 
of porcelain shall be glazed on all exposed surfaces. A separation of 
at least 2 inches shall be maintained between conductors and between 
conductors and other objects. Where subject to mechanical injury or 
where within reach from ground, roof, or window, conductors shall be 
enclosed in raceways or suitably guarded. If guarded, a spacing of 
not less than 13h inches shall be maintained between conductors and 
the enclosure unless the enclosure is non-conducting and non-
combustible. ' , 

Order 13-6032. Transformers. 
Transformers shall comply with the following: 
A. Voltage. The transformer secondary open-circuit voltage shall 

not exceed 15,000 volts with an allowance on test of 1000 volts 'addi
tional. In end-grounded transformers the secondary, open-circuit 
voltage shall not exceed 7,500 volts with an allowance on test of 500 
volts additional. 

B. Type. Transformers shall be a type approved for the purpose 
and shall be limited in rating to a maximum of 4500 volt-amperes . 
. Open core-and-coil type transformers shall be limited to 5,000 volts 
with an allowance on test of 500 volts, and to indoor applications in 
small portable signs. Transformers for outline lighting installations 
shall have secondary current ratings not in excess of 30 milliamperes 
unless they and all wiring connected to them are installed in accord
ance with the provisions of Section 13-410 for electric discharge 
lighting of the same voltage. 

C. Exposed to Weather. Transformers used outdoors shall be of 
the weatherproof type 01' shall be enclosed in the sign body or in a 
separate metal box. 

D. Transformer Secondary Connections. The high-voltage windings 
of transformers shall not be connected in parallel; and shall not be 
connected in series, except that two transformers each having one 
end of its high-voltage winding connected to the metal enclosure 
may have their high-voltage windings connected in series to form 
the' equivalent of a midpoint grounded transformer. f'he grounded 
ends shall be connected by insulated conductors not smaller than 
No. 14. 

E. Accessibility. Transformers shall be accessible. 
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Order 13-6033. Tubing. 
Electric discharge tubing shall conform to the following: 
A. Design. The tubing shall be of such length arid design as not 

to cause a continuous over-voltage on the transformer. 
B. Support. Tubing shall be adequately supported on non-com

bustible, non-absorptive supports. Tubing supports should, if prac
ticable, be adjustable. 

C. Contact with Flammable Material and Other Surfaces. The tub
ing shall be free from contact with flammable material and shall be 
located where not normally exposed to mechanical injury. If oper
ating in excess of 7,500 volts, the tubing shall be supported on non
combustible, non-absorptive, insulating supports which maintain a 
spacing of not less than 1,4 inch between the tubing and the nearest 
surface. 

Order 13-6034. Terminals' and Receptacles for Electric Discharge 
Tubing. 

Terminals and receptacles for electric discharge tubing shall com
ply with the following: 

A. Terminals. The terminals of the tubing shall be inaccessible 
to unqualified persons and isolated from combustible material and 
grounded metal or shall be enclosed. If enclosed they shall be sepa
rated from grounded metal and combustible material by non-com
bustible, non-absorptive, insulating material approved for the pur
pose or by 1 % inches of air. Terminals shall be relieved from stress 
by the independent support of the tubing. 

B. Tube Con1wctions Other Than With Receptacles. If tubes do 
not terminate in receptacles designed for the purpose, all live parts 
of tube terminals and conductors shall be so supported as to maintain 
a separation of at least 1 % inches between conductors or between 
conductors and any grounded metal. 

C. Receptacles. Electrode receptacles for the tubing shall be of 
non-combustible, non-absorptive insulating material approve,p for the 
purpose. 

D. Bushings. Where electrodes e~ter the enclosure of outdoor signs 
or of an indoor sign operating at a voltage in excess of 7500 volts, 
bushings shall be used unless receptacles are provided or the sign is 
wired with bare wire mounted on approved, supports which maintain 
the tubing in proper position. Bushings shall be of non-combustible, 
non-absorptive material. Where bare wiring is used, the conductor 
shall be not less than No. 14 solid copper, shall be supported so as to 
prevent sagging and lessening of the spacing required elsewhere in 
this section, and electrode terminal assemblies shall be of an ap
proved type and supported not more than 6 inches from the electrode 
terminals. 

E. Show Windows. In the exposed type of show window signs, 
terminals shall be (1) enclosed by receptacles approved for the pur
pose or (2) where hanging in air, free from grounded surfaces} 
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enclosed in sleeves of vulcanized fiber, phenolic composition, or uther 
suitable material which overlaps all live parts by at least % inch. 

F. Receptacles and Bushing Seals. A flexible, non-conducting seal 
may be used to close the opening between the tubing and the recep
tacle 01' bushing against the entrance of dust or moisture. This seal 
shall not be in contact with grounded conductive material and shall 
not be depended upon for the insulation of the tubing. 

G. Encl08u?·e·s of Metal. Metal enclosures for electrodes shall be of 
not less than No. 24 USS gauge (.0239 inch) sheet metal. 

H. EnclosU1'es of Insulating Mate?'ial. Enclosures of insulating ma
terial shall be non-combustible, non-absorptive and approved for the 
voltage of the circuit. 

Order 13-6035. Switches 011 Doors. 
Doors or covers giving access to uninsulated parts of indoor signs 

or outline lighting exceeding 600 volts and accessible to the general 
public, shall either be provided with interlock switches which on the 
opening of the doors or covers disconnect the primary circuit, 01' shall 
be so fastened that the use of other than ordinary tools will be 
necessary to open them. 

Order 13-6036. Marking. 
All signs shall be marked with the maker's name, and for incan

descent-lamp signs with the number of lampholders, and for electric 
discharge signs with input amperes at full load and input voltage. 
Transformers shall be marked with the maker's name, and t'rans
formers for electric discharge signs shall be marked with the input 
rating in amperes 01' volt-amperes, the input voltage and the open
circuit high-tension voltage. The marking of the sign shall be visible 
for inspection after installation. 

Order 13-6037. Enclosures. 
Enclosures for signs and outline lighting shall conform to the 

following.;, 
A. Conductors and Tenninals. Sign boxes, cabinets, and outline 

troughs shall have conductors and terminals, except the supply leads, 
enclosed. 

B. Cutouts, Flashe?'s, Etc. Cutouts, flashers, and similar devices 
shall be enclosed in metal boxes, the doors of which shall be arranged 
so that they can be opened without removing obstructions or finished 
parts of the enclosure. 

C. Enclosm'es Exposed to Weathe?·. Enclosures for outside use 
shall be weatherproof and shall have an ample number of drain holes, 
each not larger than % inch or smaller than %, inch. 

D. MatM'ial. Except for portable signs of the indoor type, signs 
and outline lighting shall be constructed of metal or other non
combustible material. Wood may be used for external decoration if 
placed at least 2 inches from the nearest Inmpholder or CUlTent carry
ing part. 
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E. St1·ength. Enclosures shall have ample strength and rigidity. 
F. Thickness of Metal. Sheet copper shall be at least 20 ounce 

(0.028 inch). Sheet steel may be of No. 28 USS gauge (.0149 inch) 
except that for outline lighting and for electric discharge signs sheet 
steel shall be of No. 24 USS gauge (.0239 inch), unless ribbed, cor
rugated or embossed over its entire surface, when it may be of No. 
26 USS gauge (.0179 inch). 

G. P1'otection of Metal. All metallic parts of enclosures shall be 
galvanized 01' otherwise protected from corrosion. 

SECTION 13-610. CRANES AND HOISTS 

Order 13-6101. Scope. 
The provisions of this section shall apply to the installation of 

cranes, crane runways, hoists, and monorails, Installations in hazard
ous locations shall comply with the provisions of Order 13-5083. 

WIRING 

Order 13-6111. Types of Conductors. 
Conductors shall be of the rubber-covered or the thermoplastic type 

except: 
A. Exposed to High Te1nperat~wes. Conductors exposed to severe 

external heat, and those between resistors and contact plates, if not 
exposed to moisture, shall be asbestos insulated (Types AA or AlA), 
or if the temperature does not exceed 90C (194F), slow-burning 
(Type SB). If exposed to moisture, such conductors shall be rubber
covered or Type A VL. If rubber-covered conductors are grouped, the 
group shall be taped with a flameproof covering. 

B. Contact ConductM's. Contact conductors along runways, crane 
bridges and monorails may be bare and may be of hard drawn cop
per, or aluminum, or steel in the form of tees, angles, tee rails, or 
other stiff shapes. 

C. Flexible ConductM'S. Flexible conductors may be used to convey 
current and where practicable, cable reels or take-up devices may be 
employed. 

D. V M'nished C(~1nb1'i() Conductors. Varnished-cambric conductors 
(Type V) or asbestos varnished cambric (Types AVA and A VB) may 
be used in dry locations .. 

Order 13-6112. Conductor Sizes. 
Conductors shall be of the following sizes: 
A. Cur1'ent-car1'ying Capacity. The allowable current-carrying 

capacities of conductors shall be as shown in the following table: 
The allowable current-carrying capacities of conductors having 

other than rubber or thermoplastic insulation, supplying motors of 
5-, 15-, 30-, or 60 minute ratings, shall be as given in Tables 1 and 2, 
Chapter 10, increased by 10 pel' cent. 

For lhe carrying' 'capacity of conductors between controllers and 
1'''818tor8 see Order 13-4313, 
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Current-carrying Capacities of Conductors Having Rubber or 
ThermQplastic Insulation Which Supply Crane 

and Hoist Motors 

Size 
AWG 
MCM 

16 _____________________________________ _ 
-14_ _ _ _ _ _ _____________________ _ 
12_____ _ _______________________ _ 
10__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ ___________________ _ 

8_ _ _ _ _______________________________ _ 

6__ _ _ _ _ __________ _ 
5 _______________________________________ _ 
4 ____________________________________ _ 
3 ___________________________________ _ 
2 _____________________________________ _ 
L _____________________________________ _ 

0 ___________________________________ _ 
00 ______________________________________ _ 

000 ______________ . ________________________ _ 
0000 ______________________________________ _ 

250 _______________________________________ _ 
300 ______________________________________ _ 
350 ______________________________________ _ 
400 ______________________________________ _ 
450 ______________________________________ _ 
500 ______________________________________ _ 

AMPERES 

For Motors Having For Motors Having 
30- and 60-Minute 5- and 15-Minute 

Short-Time Ratings Short-Time Ratings 

10 11 
20 22 
25 28 
35 39 
45 50 

57 63 
65 72 
77 85 
90 99 

107 118 
130 143 

160 176 
195 215 
245 270 
300 330 

II1II 
350 385 
410 450 
460 510 
515 570 
565 620 
620 680 

Eo Minimum No. 14. Conductors shall not be smaller than No. 14 
except: 

1. On small cranes and hoists, No. 16 may be used provided the 
conductors are protected against mechanical injury. 

2. On operating circuits, No. 16 may be used provided the con
ductors are protected against mechanical injury. 

'C. Contact Conductors. The size of contact wires shall be not less 
than the following: 

Size of 
Distance between end strain insulators wire 

0-30 feeL _______________________________________________________________ No.6 
31-60 feeL _______________________________________________________________ No.4 

over 60 feeL _______________________________________________________________ No.2 

Order 13-6113. Wiring Method. 

Conductors shall be enclosed in raceways, except: 
A. Bare Conductors. Bare conductors may be used as contact con

ductors. 

B. Open Conductors. Short lengths of open conductors at resistors 
and collectors need not be enclosed. 

C. Flexible Connections. Where flexible connections are necessary 
to motors and similar equipment, flexible metal conduit, armored 
cable, mUltiple conductor rubber-covered cable or an approved non
metallic enclosure may be employed. Approved take-up reels or other 
approved methods of protecting the multiple conductor cable against 
injury shall be provided. 
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D. Pende'ltt Push-Button Stations. Where multiple conductol' cable 
is, used with a suspended push-button station, the station must be 
supported in some satisfactory manner that will protect the electrical 
conductors against strain. 

Order 13-6114. Raceway Terminal Fittings. 
Conductors leaving raceways shall comply with the provisions of 

Orders 13-3008 and 13-3009. 

Order 13-6115. Common Return. 
If a crane or hoist is operated by more than one motor, a common 

return conductor of proper current carrying capacity may be used. ' 

CONTACT CONDUCTORS 

Order 13-6121. Installation of Contact Conductors. 
Bare contact conductors shall conform to the following: 
A. Contact Wires. If wires are used as contact conductors they 

shall be secured at the ends by means of approved strain insulators 
and shall be so mounted on approved insulators that the extreme 
limit of displacement of the wire will not bring the latter within less 
than 1% inches from the surface wired over. 

B. SUPp01·ts Along Runways., Main contact conductors carried along 
runways shall be supported on insulating supports placed at intervals 
not exceeding 20 feet, and these supports shall be insulating except 
for grounded rail conductors as provided in paragraph E of this or
der. Such conductors shall be separated not less than 6 inches except 
for monorail hoists where a spacing of not less than 3 inches may be 
used. Where necessary, intervals between insulating supports may 
be increased up to 40 feet, the separation between conductors being 
increased proportionately. 

C. Supports on Bridges. Bridge contact conductors shall be kept 
at least 2% inches apart and, if the span exceeds 80 feet, insulating 
saddles shall be placed at intel'vals not exceeding 50 feet. 

1 t is recommended that the distance between wires he greater than 
2'/" inches where practicable. 

D. Supports for Rigid Conductors. 'Conductors along runways and 
crane bridges, if of the rigid type speCified in Order 13-6111B, shall 
be carried on insulating supports spaced at intervals of not more 
than 80 times the vertical dimension of the conductor, but in no case 
greater than 15 feet, and spaced apart sufficiently to give a clear 
electrical separation of conductors or adjacent colfectors of not less 
than 1 inch. 

E. Track as Ci1'cuit Conductor. Monorail, tramrail or crane-runway 
tracks may be used as a conductor of current for one phase of a 
three-phase alternating-current system furnishing power to the car
rier, crane or trolley, provided the following conditions are fulfilled: 

1. The conductors for supplying the other two phases of the 
power supply shall be insulated. 
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2. The power for all phases shall be obtained from an insulating 
transformer. 

3. The voltage shall not exceed aDo volts. 
4. The rail serving as a conductor Rhall be effectively grounded 

at one point only, preferably at the transformer. 
F. Electrical Continuity of Contact Conduct01's. All sections of 

bare rigid contact conductors shall be mechanically joined to provide 
a continuous electrical connection. 

G. Not to Supply Other Equipment. Contact conductors shall not 
be used as feeders for.any equipment other than the crane or cranes 
which they are primarily designed to serve. 

H. Isolating or Guarding Contact Conduct01's. Except in locations 
to which only qualified persons are admitted, contact conductors shall 
be so isolated by elevation 01' be provided with suitable guards so 
arranged that persons cannot inadvertently touch the current-carrying 
parts while in contact with the ground or with conducting material 
connected to the ground. 

Order 13-6122. Collectors. 
Collectors shall be so designed as to reduce to a mnumum spark

ing between them and the contact conductor, and when operated in 
rooms used for the storage of easily ignitible combustible fibers and 
materials the requirements of Order 13-5083 shall be complied with. 

CONTROL 

Order 13-6131. Runway Conductor Disconnecting Means. 
A disconnecting means shall be provided between the runway con

tact conductors and the power supply. Such disconnecting means 
shall consist of a motor-circuit switch 01' circuit-breaker, except that 
a general-use switch may be used when the disconnecting means is 
provide,d in accordance with Order 13-6132. This disconnecting means 
shall be readily accessible and operable from the ground, shall be 
arranged to be locked in the open position, shall open all ungrounded 
conductors simultaneously, and shall be placed within sight of the 
crane or hoist and the runway contact conductors. 

Ol'der 13-6132. Disconnecting Means for Crane. 
If cranes are operated from cages or cabs, a motor-circuit switch 

01' circuit-breaker shall be provided in the leads from the runway 
contact conductors. The switch or circuit-breaker shall be in the cage 
01' cab or mounted on the bridge and operable fr0111 the cage or cab 
when the trolley is at one end of the bridge. 

Order 13-6133. Rating of Disconnecting Means fOI' Crane. 
On both alternating-current and direct-current crane protective 

panels, the continuous ampere rating of the switch or circuit-breaker 
required by Order 13-6132, and main-line contactol's, shall be not less 
than 50 pel' cent of the combined short-time ampere ratings of the 
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motors, nor less than 75 per .cent of the sum of the short-time ampere 
ratings of the motors required for any single crane motion. 

Order '13-6134. Limit Switch. 
A limit switch shall be provided for upper limit of travel of crane 

hoists. 

OVERCURRENT PROTECTION 

Order 13-6141. Contact Conductors. 
The main contact conductors shall be protected by an overcul'rent 

device. 

Order 13-6142. Crane Motors. 
If more than one motor is employed on a crane, each motor shall 

have individual overcurrent protection as provided in Section 13-430, 
except that if two motors operate a single hoist, carriage, truck, or 
bridge, and are controlled as a unit by one controller, the pair of 
motors with their leads may be protected by a single overcurrent 
d.evice which shall be located in the cage or cab if there is one. 

Order 13-6143. Resistors-Enclosure. 
If a crane operates over readily combustible material, the resistors 

shall be placed in a well-ventilated cabinet composed of non
combustible material so constructed that it will not emit flames or 
molten metal, except where the resistors are located in a cage or cab 
constructed of non-combustible material which encloses the sides of 
the cage or cab from the floor to a point at least 6 inches above the 
top of the resistors. . 

Order 13-6144. Grounding, 
Motor frames, tracks, the entire frame of a crane or hoist, and 

cases of controllers shall be grounded in the mannel' specified in Sec
tion 13-250. Small portable hoists shall be grounded when required 
by Order 13-2545. 

SECTION 13-615. TROLLEY CONDUCTORS 

Order 13-6151. Scope. 
The provisions of this section shall apply to installations of trolley 

wires and feeders for supplying electric locomotives and cars. 

Order 13-6152. Insulation of Trolley Wires. 
Trolley wires shall have at least two separate and distinct insula

tions from the ground. A wooden pole or structure shall be consid
ered as one insulation. 

Order 13-6153. Control of Trolley Wires and Feeders. 
Trolley wires and feeders shall be provided with a means by which 

they can be disconnected from their source of current. 
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SEC'l'ION 13-620. ELEV A'l'ORS 

(See 'V'isconsln State Elevator Code for construction requirements.) 

Order 13-6201. Scope. 
This section shall apply to the electrical equipment and wiring used 

in connection with elevators and dumbwaiters. Installations in hazard
ous locations shall also comply with Section 13-500. Installations in 
garages shall also comply with Section 13-510. 

Order 13-6202. Voltage Limitations. 
The following voltage limitations shall apply to elevator control 

and operating equipment: 
A . . Car Control System. No part of any electric circuit having a 

voltage in excess of 750 shall be used on any car control system. 
Circuits of higher voltage may be used in machine rooms 01' pent
houses for the operation of motors and brakes, provided that all con
trol and signal wiring is thoroughly insulated from such power cir
cuits, and all machine frames and metal, hand operated ropes are 
permanently grounded. 

B. Elevator Control Device. The maximum voltage permitted on 
elevators hereafter installed shall not exceed 300 volts to ground on 
any elevator operating devices in the car, or at the landing, including 
push buttons of the elevator signalling circuit. 

C. Push Buttons. The maximum voltage permitted on the push. 
buttons of elevator signalling circuits shall be 300 volts to ground. 

Order 13-6203. Live Parts Enclosed. 
All live parts of electrical apparatus in or on elevator cars or in 

elevator hoistways shall be enclosed to protect against accidental 
contact. 

Order 13-6204. Insulation of Conductors. 
The insulation of conductors installed in or on elevator equipment 

shall comply with the following: 
A. In Auxiliary Gutters. In auxiliary gutters used in machine 

rooms, under controllers, starters and similar apparatus for elevator 
machines, conductors shall be of the rubber-covered or thermoplastic
covered type. 

B. Cont1'ol-Panel Wiring. Conductors between main circuit resistors 
and the back of control panels shall be suitable for an operating 
temperature of not less than 90C (194F). All other wiring on control 
panels, unless subjected to a temperature exceeding 60C (140F), 
shall be of the rubber-covered or thermoplastic-covered type or shall 
be of other type specially approved for the purpose. 

C. Elevat01' Cont1'ollM' Circuits. Conductors or groups of conductors 
having flame retardant outer covering shall not be used as connections 
for the operating circuits of elevator controllers unless such outer 
covering is also moisture resistant. 
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Asbestos and other moisture absorbing coverings are not recom
mended for the operating circuit, as the covering when damp may carry 
enough current to cause the controller to function incorrectly and this 
incorrect functioning may be a life hazard. 

D, T1'wveling Cables. Traveling cables used as flexible connections 
between the car and the hoistway shall be Types E or EO elevator 
cable, or other approved type, and shall have a flame-retardant and 
moisture-resistant outer covering. 

E. Fixed Wiring. For wiring for elevator operating, control cir
cuits, and signalling circuits, conductors shall be rubber-covered or 
thermoplastic-covered with insulation of not less than 2/64 inch in 
thickness. 

Order 13-6205. Minimum Size of Conductors. 
The minimum size of conductors for elevator wiring shall be as 

follows: 
A. For lighting circuits, No. 14, except that for flexibility two 

01' more No. 16 conductors· may be used in parallel in traveling cables 
and on the car. 

B. For elevator operating and control circuits, No. 16. 
C. For signal circuits and for fixtures, No. 18. 

Order 13-6206. Wiring Method. 
The following wiring methods shall be employed: 
A. In Hoistways. Conductors located in the hoistway, except travel

ing cables and conductors used in signal systems of Classes 1 Or 2, 
shall be installed in rigid conduit or electrical metallic tubing, except 
that flexible conduit or armored cable may be used between riser and 
limit switches, interlocks, push buttons or similar devices. 

B. On the Ca1'. Conductors and traveling cabl~s on the car shall 
be run in rigid conduit, electrical metallic tubing or wirewaysj except 
that short runs of: 

1. Flexible conduit or armored cable may be used if so located 
as to be kept free from oil, and securely fastened in place. 

2. Type S, SO, SU, or SUO cord may be used as the flexible con
nection between the fixed wiring on the car and the switch on the 
car door or gate if securely fastened in a position not liable to 
mechanical injury. 

C. Between Mot01's, Gene1'ators and Control Panels. The conductors 
of circuits between motors, generators, and control panels may be 
grouped without any additional insulation of the separate conductors 
if the complete group is either taped or corded, and such covering 
properly painted with an insulating paint; provided that such con
ductors are not over 6 feet long, are supported at intervals not more 
than 3 feet and are not so located as to be subject to mechanical 
damage. If motor-generators are used with elevator motors and both 
are loeated adjacent to or underneath the control equipment and are 
provided with extra length terminal leads, such leads may be extended 
to connect directly to the elevator controller or motor-generator 
starter terminal studs without regard to the carrying capacity re-
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quirements of Sections 13-430 and 13-445; provided, that no such 
lead is longer than 6 feet. 

~Thel'e continuity of elevator service is of vital importance, it is rec
ommended that feeders serving such elevators be so installed that the 
elevator service is not likely to be interrupted in case of a fire in the 
building. 

INSTALLATION OF CONDUCTORS 

Order 13-6211. Raceway Terminal Fittings. 
Conductors leaving raceways shall comply with the provisions of 

Orders 13-3008 and 13-3009, but in no case shall the raceway ter
minate less than 6 inches from the floor. 

Order 13-6212. Split Fittings. 

Split fittings or clamp fittings may be used on exposed conduit or 
electrical metallic tubing except where the conduit or tubing contains 
feeders. 

Order 13-6213. Supports. 
Supports for pipes, conduits, and armored cable shall be securely 

fastened to the guide rail or hoistway construction. 

Order 13-6214. Number of Conductors in Raceway. 
_ The number of operating and control circuit conductors installed in 

a raceway may be in accordance with Table 9 of Chapter 10. 

Order 13-6215. Auxiliary Guttel·s. 

The restrictions of Order 13-3742 as to length of auxiliary gutters, 
and of Order 13-3745 as to number of conductors in auxiliary gutters, 
shall not apply. 

Order 13-6216. Lighting and Signal Circuits Separate. 

Conductors of car lighting circuits, and signal systems when not an 
integral part of the elevator wiring system, shall be separated and 
run in separate traveling cables and raceways. 

Order 13-6217. Different Systems in One Cable or Raceway. 
Conductors for elevator circuits, including operating, control and 

power conductors, and signal conductors when an integral part of the 
wiring system, may be run in the same traveling cable 01' raceway 
system when the power supply is from the same source, even though 
the characteristics of the voltage andlor current may be changed 
within the system by rectifying, transforming or other converting 
devices supplied from the elevator feeder circuit; provided that all 
conductors are insulated for the maximum voltage found in the cable 
or raceway system, and the live parts of the equipment are insulated 
from ground for this maximum voltage. Such a traveling cable or 
raceway may also include a pair of telephone conductors to serve a 
telephone in the car, provided such conductors are insulated for the 
maximum voltage found in the cable or raceway system. 
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Order 13-6218. Foreign Wires. 
No electric conduit or cables, except those used to furnish or con

trol power, light, heat or signals for the elevat()r or hoistways, shall 
have an opening, terminal, outlet or junction within the hoistway, but 
shall be continuous between outlets or terminals situated entirely 
outside the hoistway. 

It is not intended to prohibit the interruption of long runs for the 
purpose of supporting or pulling in conductors, and pull boxes may be 
inRtalled fot' this put'pORe. 

TRA VELING CABLES 

Ot'del' 13-6231. Cable Assembly. 
Traveling cables for circuits other than signal ·shall be of a com

posite assembly of steel and copper strands or may have one or more 
supporting fillers of cotton or hemp rope, or of cotton-covered or 
rubber-covered steel wire laid up with the conductors under the outer 
covering of the cable. In cables containing six or more conductors 
the steel supporting strands shall run straight through and not be 
cabled with the conductors. 

Order 13-6232. Suspension. 
Traveling cables for all signal circuits, and for all other circuits 

not over 100 feet in length, may be suspended by suitable clamps if 
the cables are so constructed that the weight of the cable is not car
ried by the individual conductors, 

Ordet' 13-6233. Hazardous Locations. 
In hazardous locations, traveling cables shall be secured to explo

sion proof cabinets by heavy-duty rubber-bushed threaded connector 
bushings sealed off at the enclosure as provided in Order 13-5015. 
For traveling cables for use in hazardous locations see Table 31. 

Order 13-6234. Protection for Swinging Cables. 
Wherever the traveling cables in swinging may come in contact 

with projections or corners of the building construction in the hoist
way, such as I-beams, ledges and the like, such irregular surfaces 
shall be made smooth by covering with heavy gauge sheet metal or 
ot.her suitable means, 

CONTROL 

Order 13-6241. Disconnecting Means. 
A manually operated circuit-breaker or disconnecting switch of the 

enclosed type opening all. conductors shall be installed separately in 
the supply circuit of every electrically driven elevator machine, dumb
waiter or motor generator set hereafter installed. This switch shall 
be provided with proper overcurrent protection. No provision shall be 
made to close the disconnecting s~itch' from any other part of the 
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building. This switch shall be located where visible from the elevator 
machine or motor generator set, unless special permission is given to 
locate it elsewhere. 

Note. It is recommended that this switch be located in the machine 
room at the locl{ jamb side of the entrance door. 

Order 13-6242. Limit Switches. 
Every electric elevator with an electric brake shall be equipped 

with final limit switches at each terminal of travel which shall auto
matically interrupt the power circuits and stop the carin case of 
overtravel, except on electric oil hydraulic elevators. 

Every electric elevator with an electric brake shall be equipped 
with directional limit switches at each terminal of travel. Limit 
switches as outlined above shall be mounted on the guide rails and 
directly operated by a cam attached to the car. 

Every electric drum type elevator with a mechanical brake shall 
be equipped with an approved machine automatic terminal stopping 
device, which' shall automatically stop the machine in the event the 
car over-travels either of the terminal landings. 

Note: See Section 13-510 for elevators located in garages. See Wis
consin Elevator Code. 

Order 13-6243. Phase Protection. 
Electric elevators driven by polyphase alternating current motors 

shall be equipped with a device (reverse phase relay) which shall 
prevent starting the motors if: 

A. The phase rotation is in the wrong direction, or 
B. There is a failure in any phase. 

Exception: Electric elevators, equipped with final limit switches as 
outlined in Order 13-6242 and arranged to cut all wires, or all except 
one, which shall be the grounded conductor on grounded systems, and 
so connected that after the car over-travels it cannot be moved until 
:'lle phase reversal is corrected. 

OVERCURRENT PROTECTION 

Order 13-6251. No. 18 Conductors. 
If No. 18 conductor is used for signal circuits, it shall be protected 

by fuses rated at not to exceed 3 amperes. 

MACHINE. ROOM 

Order 13-6261. Guarding Equipment. 
The elevator machine and controller shall be installed in a room set 

aside for that purpose, or isolated by elevation or by means of an 
enclosure or wire grille or the like, to prevent accidental contact by 
persons or objects. This room may also contain other machinery used 
for the control and signaling of the elevatol'. 
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Order 13-6262. Clearance Around Control Panels. 
The following clearances shall be provided: 
A. Grouped Panels. If a group of three or more elevator control 

panels having wiring on the rear -is located in a single machine room, 
there shall be a working space of at least 36 inches back of the live 
parts, and not less than 18 inches on at least one side of the group. 
There shall also be at least 36 inches of working space in front of 
the panels. 

B. Single or Double Panels. An installation consisting of one or 
two panels shall have at least 24 inches working space in the rear, 
and at least 36 inches working space in the front of the panel or 
panels; and there shall be at least 18 inches working space on one 
side if the panel is single, and on each side if the panel is a double 
one. Smaller clearances may be authorized in certain specific cases by 
special permission. 

This is not intended to forbid mounting controllers on the machine, __ _ 
enclosing the rear of control panels in removable cabinets, nor/fIle 
placing of auxiliary equipment in front or rear of control panels, pro
vided the working space is not appreciably restricted. If such cabinets 
are installed, the prescribed dimensions of clear space apply when the 
back of the cabinet Is removed. 

GROUNDING 

Order 13-6271. Metal Raceways Attached to Cars. 
Conduit or armored cable attached to elevator cars shall be bonded 

to grounded metal parts of the car with which they come in contact. 

Order 13-6272. Electric Elevators. 
For electric elevators, the frames of all motors, elevator machines, 

controllers and the metal enclosures for all electrical devices in or on 
the car 01' in the hoistway shall be grounded. 

Order 13-6273. Non-Electric Elevators. 
For elevators other than electric, if any electrical conductors are 

attached to the car, the metal frame of the car, if normally accessible 
to persons, shall be grounded. 

Order 13-6274. Hand-Operated Cables. 
All hand-operated metallic shifting ropes or cables shall be grounded. 

Order 13-6275. Inherent Ground. 

Equipment mounted on members of the structural metal frame of a 
building, shall be deemed to be grounded if building frame is grounded 
in accordance with Section 13-250. Metal car frames supported by 
metal hoisting cables attached to or running over sheaves or drums 
of elevator machines shall be deemed to be grounded when the machine 
is grounded in accordance with Section 13-250. 
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SECTION 13-630. ELECTRIC WELDERS 

Order 13-6301. Scope. 
This section amplifies or modifies parts of Chapters 1 to 4 inclusive 

of this code in order to properly cover the operating conditions to 
which electric welder installations are subjected. Accordingly the 
appropriate provisions of Chapters 1 to 4 inclusive apply to the com
ponent parts of electric welder installations except as otherwise pro
vided in this section. This section covers extensively used types of 
welders which require special treatment, as distinguished from weld
ers which do not require special treatment and welders not in common 
use and not yet developed to the extent that rating and construction 
standards are possible. 

TRANSFORMER ARC WELDERS 

Order 13-6311. Capacity of Supply Conductors. 
The current-carrying capacity of conductors shall be as follows: 
A. Individual Welden. The rated current-carrying capacity of the 

supply conductors shall be not less than the rated primary current of 
the welder. 

B. Group of Welders. The rated current-carrying capacity of con
ductors which supply a group of welders may be less than the sum of 
the rated primary currents of the welders supplied. The conductor 
rating shall be determined in each case according to the welder load
ing based on the use to be made of each welder and the allowance 
permissible in the event that all the welders supplied by the conduc
tors will not be in use at the same time. The load value 'used for each 
welder shall take into account both the magnitude and the duration of 
the load while the welder is in use. 

Conductor ratings based on 100 per cent of the rated primary current 
of the two largest welders, 85 per cent for the third largest welder, 
70 per cent for the fourth largest welder, and 60 per cent of the rated 
primary current for all the remaining welders, should provide an ample 
margin of safety under high production conditions with respect to the 
maximum permissible temperature of the conductors. Percentage values 
lower than those given are permissible in cases where the work ill such 
that a high operating duty cycle for individual welders is impollllihle. 

Order 13-6312. Overcurrent Protection. 

Overcurrent protection shall be as provided in paragraphs A and B. 
If the nearest standard rating of the overcurrent device used is under 
the value specified in this order 01' if the rating or setting specified 
results in unnecessary opening of the overcurrent device, the next 
higher rating 01' setting may be used. 

A. For Welders. Each welder shall have overcurrent protection 
rated 01' set at not more than 200 pel' cent of the rated primary CUI'

rent of the welder, except that an overcurrent device is not required 
for a welder having supply conductors protected by an overcurrent 
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device rated or set at not more than 200 per cent of the rated primary 
current of the welder. 

B. For Conductors. Conductors which supply one or more welders 
shall be protected by an overcurrent device rated or set at not more 
than 200 per cent of the conductor rating. 

Order 13-6313. Controller. 
A controller shall be provided in the supply connection of each 

welder which is not equipped with a controller mounted as an integral 
part of the welder. The controller shall be a motor-circuit switch or 
a circuit-breaker. The ampere rating shall be not less than the rated 
primary current of the welder. The horsepower rating of a switch 
used as a controller shall be not less than the numerical value obtained 
by multiplying the rated primary current of the welder by 0.1, 0.2 
or 0.25, respectively, for 220-, 440- and 550-volt welders. These factors 
apply to 2-pole switches. 

Order 13-6314. Name Plate. 
A name-plate giving the following information shall be provided: 

name of manufacturer; frequency; primary voltage; rated primary 
current; maximum open-circuit secondary voltage; rated secondary 
current; basis of rating, i.e., the duty cycle, 30-minute rating or 
60-minute rating. 

MOTOR-GENERATOR ARC WELDERS 

Order 13-6321. References. 
\ 

Motor-generator arc welder installation's are covered by the appro-
priate orders of Chapters 1 to 4 inclusive applicable to conductors, 
motors, generators and associated equipment. Referring specifically 
to 'the motor supply connections, the following orders apply in addi
tion to such other provisions as may be applicable. Conductor rating, 
Orders 13-4312 and 13-4316. Overcurrent protection: for motors, 
Order 13-4323; for conductors, Order 13-4342. Controllers, Orders 
13-4304, 13-4305 and 13-4383. Disconnecting means, Order 13-4407. 

RESISTANCE WELDERS 

Order 13-6331. Capacity of Supply Conductors. 
The current-carrying capacity of the supply conductors necessary 

to limit the voltage drop to a value permissible for the satisfactory 
performance of the welder is usually greater than that required to 
prevent overheating as prescribed in paragraphs A and B. 

A. Individual Welders. The rated current-carrying capacity for 
conductors for individual welders shall conform to the following: 

1. Varying Operation. The rated current-carrying capacity of the 
supply conductors for a welder which may be operated at different 
times at different values of primary current or duty cycle shall be not 
less than 70 per cent of the rated primary current for seam and auto-
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matically fed welders, and 50 pel' cent of the rated primary current 
for manually-operated non-automatic welders. 

2. Specific Operation. The rated current-ca1'l'ying capacity of the 
supply conductors for a welder wired for a specific operation for 
which the actual primary current and duty cycle are known and 
remain unchanged shall be not less than the product of the actual 
primary current and the multiplier given below for the duty cycle at 
which the welder will be operated. 

Duty Cycle 
(per cent) _______ 50 40 30 25 20 10 111 7.0 !i.0 01' less 

Multiplier __________ .71 .63 .55 .50 .45 .39 .:12 .27 .32 

B. (h'oups of Welde?'s. The rated current-carrying capacity of con
ductors which supply two or more welders shall be not less than the 
sum of the value obtained as explained in paragraph A of this order 
for the largest welder supplied, and 60 per cent of the values obtained 
as explained in paragraph A of this order for all the other welders 
supplied. 

C. Expla'lUJ,tion of T(3//·?ns. (1) The rated primary current is the 
rated kva multiplied by 1,000 and divided by the rated primary volt
age, using values given on the name-plate. (2) The actual primary 
current is the current drawn from the supply circuit during each 
welder operation at the particular heat tap and control setting used. 
(3) The duty cycle is the percentage of the'time during which the 
welder is loaded. For instance, a spot welder supplied by a 60-cycle 
system (216,000 cycles per hour) making foul' hundred 15-cycle welds 
per hour would have a duty cycle of 2.8 pel' cent. (400 multiplied by 
15, divided by 216,000, multiplied by 100). A seam welder operating 
2 cycles "on" and 2 cycles "off" would have a duty cycle of 50 pel' 
cent. 

Order 13-6332. Overcurrent Protection. 
Overcurrent protection shall be as provided in paragraphs A and B 

of this order. If the nearest standard rating of the overcurrent device 
used is under the value specified in this order, or if the rating or set
ting specified results in unnecessary opening of the overcurrent 
device. the next higher rating or setting may be used. 

A. FQ1' WeldM·s. Each welder shaH have an overcurrent device 
rated or set at not more than 300 per cent of the rated primary cur
rent of the welder, except that an overcurrent device is not required 
for a welder having a supply circuit protected by an overcurrent de
vice rated or set at not more than 300 pel' cent of the rated primary 
current of the welder. 

B. For ConductQ1·s. Conductors which supply one or more welders 
shall be protected by an overcurrent device rated or set at not more 
than 300 pel' cent of the conductor rating. 

(h-del' 13-6333. Disconnecting Means. 
A switch or circuit-breaker shall be pl'ovided by which each weIdel' 

and its control equipment can be isolated from the supply circuit. The 
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current-carrying capacity of this disconnecting means shall be not 
less than the supply conductor rating determined as explained in this 
section. The supply circuit switch may be used as the welder discon
necting means if the circuit supplies only one welder. 

Order 13-6334. Name-plate. 
A name-plate giving the following information shall be provided: 

name of manufacturer, frequency, primary voltage, rated kva at 50 
per cent duty cycle, maximum and minimum open-circuit secondary 
voltage, short-circuit secondary current at maximum secondary volt
age and specified throat and gap setting. 

SECTION 13-640. SOUND RECORDING AND SIMILAR 
EQUIPMENT 

Order 13-6401. Scope. 
This section shall apply to installations of equipment and wmng 

used for sound recording and reproduction, centralized distribution of 
sound, public address, speech-input systems and electronic organs. 

Order 13-6402. Application of Other Sections. 
Except as modified by this section, wiring and equipment from 

source of power to and between devices connected to the interior wir
ing systems shall comply with the requirements of Chapters 1 to 4, 
inclusive, of this code, and wiring and equipment for public-address, 
speech-input, radio-frequency, audio-frequency systems, and amplify
ing equipment associated with radio receiving stations in centralized 
distribution systems, shall comply with Section 13-725. 

Order 13-6403. Number of Conductors in Raceway. 
The number of conductors in a conduit 01' other raceway shall 

comply with Tables 4 to 11 of Chapter 10 except as follows: 
A. Special permission may be granted for the installation of two 

2-conductor lead covered cables in %, inch conduit, provided the cross 
sectional area of each cable does not exceed .11 square inch. 

B. Special permission may be granted for the installation of two 
2-conductor No. 19 lead covered cables in % inch conduit, provided the 
sum of the cross sectional areas of the cables does not exceed 32 pel' 
cent of the internal cross sectional area of the conduit. 

Order 13-6404. Wireways and Auxiliary Gutters. 
Wireways and auxiliary gutters shall comply with the requirements 

of Sections 13-362 and 13-374 with the following exceptions where 
used for sound recording and reproduction: 

A. Number of Conduot01'S in Raoeway. Conductors in wireways or 
gutters shall not fill the raceway to more than 75 pel' cent of its depth. 

B. Auxiliary Gutter COVe1·s. If the cover of auxiliary gutters is 
flush with the flooring and is subject to the moving of heavy objects it 
shall be of steel at least 1,4 inch in thickness; if not subject to moving 
of heavy objects, as in the rear of patch 01' other equipment panels, 
the covel' shall be at least No. 10 USS gauge (.1345 inch). 
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C. Metal T1'ough Raceways. Metal trough raceways may be in
stalled in concealed places if run in a straight line between outlets 01' 

junction boxes. Covers of boxes must be accessible. Edges of metal 
must be rounded at outlet or junction boxes and all rough projections 
smoothed to prevent abrasion of insulation or conductors. Raceways 
made of sections shall be bonded and grounded as prescribed in Order 
13-2575. 

D. G?'ounding Wi?'eways and Auxilia?'y Gutte1's. Metal wireways 
and auxiliary gutters shall be grounded in accordance with the re
quirements of Section 13-250. If the wireway or auxiliary gutter does 
not contain power supply wires, the grounding conductor need not be 
larger than No. 14 copper or its equivalent. If the wireway or auxili
ary gutter contains power supply wires, the grounding conductor shall 
not be smaller than the size called for in Order 13-2595. 

Order 13-6405. Grouping of Conductors. 
Conductors of different systems grouped in the same conduit or 

other metallic enclosure, or in portable cords or cables, shall comply 
with the following requirements: 

A. Powe1' Supply Conducto1's. Power supply conductors shall be 
properly identified and shall be used solely for supplying power to 
the equipment to which the other conductors are connected. 

B. Leads to Moto?' Genemto1' 01' Rota1'Y Conve1'te1'. Input leads to 
a motor generator or rotary converter shall be run separately from 
the output leads. 

C. Conducto1' Insulation. The conductors shall be insulated indi
vidually, or collectively in groups, by insulation at least equivalent 
to that on the power supply and other conductors, except where the 
power supply and other conductors are separated by a lead sheath 01' 

other continuous metallic covering. 
D. Flexible C01'ds. Flexible cords and cables shall be of Types P, 

K, S, SJ, SO or SUO or other types specifically approved for the pur
pose for which they are to be used. The conductors of flexible cords, 
other than powel: supply conductors, may be of a size not smaller 
than No. 26 provided such conductors are not in direct electrical con
nection with the power supply conductors and are equipped with cur
rent limiting means so that the maximum power under any condition 
will not exceed 150 watts. 

E. Te1'minals. Terminals shall be marked to show their proper 
connections. Terminals for conductors other than power supply con
ductors shall be separated from the terminals of the power supply 
conductors by a spacing at least as great as the spacing between 
power supply terminals of opposite polarity. 

Order 13-6406. Storage Batteries. 
Storage batteries shall comply with the following: 
A. Installation. Storage batteries shall be installed in accordance 

with Section 13--480. 
B. Conducto1' Insulation. Storage battery leads shall be rubber 

or thermoplastic covered. 
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C. OVM'ourrent P1·oteotion. 'Overcurrent protection shall be pro
vided as follows: 

1. "A" circuit, when supplied by bl'anch lighting circuits, 01' by 
storage batteries of more than 20 ampere hour capacity, shall have 
overcurrent protection not exceeding 15 amperes. 

2. "B" circuits shall have overcurrent protection not exceeding 
1 ampere. The overcurrent protection shall be placed in each positive 
lead. 

3. "C" circuits when supplied from branch lighting circuits or 
from storage batteries of more than 20 ampere-hour capacity shall 
have overcurrent protection not exceeding one ampere. 

4. Overcurrent devices shall be located as neal' as practicable to 
the battery. 

Order 13-6407. Equipment. 
Amplifiers and rectifiers shall be so located as to be readily acces

sible. They shall be suitably housed and shall be of a type approved 
for the purpose unless otherwise expressly permitted by the authority 
enforcing this code. Equipment used in hazardous locations shall be 
specifically approved for the purpose. 

A. Ventilation. Amplifiers and rectifiers shall be so located as to 
provide sufficient ventilation to prevent undue temperature rise within 
the housing. 

B. Protection Against Mechanical Inju1·Y. Amplifiers, rectifiers, 
loud-speakers and other equipment shall be so located or protected as 
to guard against mechanical injury such as might result in fire or 
personal hazard. 

SECTION 13-650. ORGANS 

Ordel' 13-6501. General. 
This section shall apply to those electric circuits and pal'ts of elec

trically operated organs which are employed for the control of the 
sounding apparatus and keyboards. Electronic organs shall comply 
with the appropriate provisions of Section 13-640. 

Order 13-6502. Source of Energy. 
The source of energy shall be a self-excited generator of not over 

15 volts, or a primal'y battery. 

Order 13-6503. Insulation-Grounding. 
The generator shall be effectively insulated from the ground and 

from the motor driving it, or both the generator and the motor frames 
shall be grounded in the manner prescribed in Section 13-250. 

Order 13-6504. Conductors. 
Conductors shall comply with the following: 
A. Size. No conductor shall be smaller than No. 26, and the com

mon return conductor shall be not smaller than No. 14. 
B. Insulation. Conductors shall have rubber, thermoplastic, asbes

tos, cotton, or silk insulation, except the common-return conductor 
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which shall be rubber-covered, thermoplastic, asbestos-covered (Types 
AA, AI, or AlA), or slow-burning (Type SB). The cotton or silk may 
be saturated with paraffine if desired. 

C. Conductors to Be Cabled. Except the common return conductor, 
and conductors inside the organ p~'oper, the organ sections and the 
organ console, conductors shall be cabled. The common return con
ductor may be placed under an additional covering enclosing both 
cable and return conductor, or may be installed as a separate con
ductor and may be in contact with the cable. 

D. Cable Covering. The cable shall be provided with one or more 
braided outer coverings, provided that a tape may be used in place 
of an inner braid. Unless installed in metal raceways the outer braid 
shall be fiame-retardant or shall be covered with a closely wound fire
proof tape. 

Order 13-6505. Installation of Conductors. 
Cables shall be securely fastened in place and may be attached 

directly to the organ structure without insulating supports. Cables 
shall not be placed in contact with other conductors. 

Order 13-6506. Overcurrent Protection. 
Circuits shall be so arranged that all conductors, except the main 

supply conductors and the common return conductor, shall be pro
tected from overcurrent by an overcurrent device of not greater than 
15 ampere rating. 

SECTION 13-660. X-RAY AND HIGH FREQUENCY 
EQUIPMENT 

Order 13-6601. Scope. 
The provisions of this section shall apply to all apparatus embody

ing X-ray operating at any frequency, for medical use, for examina
tion of fabrics, metals, 01' fruits, 01' for any other purpose. Unless 
approved for the location, X-ray and related apparatus shall not be 
installed nor operated in hazardous locations or operated on a supply 
potential of more than 600 volts. 

Nothing in this section shall be construed as specifying safeguards 
against direct, stray or secondary X-ray radiation. Such safeguarding 
for industrial installations Is the scope of Parts I and III of American 
"'Val' Standard ASA Z-54. 

Order 13-6602. Overhead Conductors. 

For new equipment used· on new installations of X-ray apparatus, 
all conductors in the high-voltage circuits that are not in raceways 
shall be of the approved shockproof type. When existing equipment 
employing uninsulated or bare overhead conductors is moved to a 
new location, or where reconditioned used equipment of the uninsu
lated 01' bare conductor overhead type is resold for installation at a 
new location, the authority enforcing this code may require that the 
overhead stationary conductors be not less than 8 feet from the fioor 
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unless guarded from contact, and that any connections from the 
X-ray tube to exposed overhead uninsulated or bare conductors shall 
be made with high-voltage cables of the approved shockproof type. 

Order 13-6603. On Fluoroscope Tables. 
Leads on flU01'oscope tables shall be adequately insulated or be 

provided with barriers which will guard against inadvertent contact. 

Order 13-6604. Milliammeter. 
If one side or mid-point of the high voltage circuit is grounded, the 

milliammeter shall be connected to the grounded lead and need not 
be guarded. 

Order 13-6605. Wiring Terminals. 
Equipment covered by this section shall be provided with suitable 

wiring terminals or leads for the connection of conductors of at 
least the size required by the load corresponding to the input rating 
of the equipment. 

Order 13-6606. Connection to Supply Circuit. 
X-ray apparatus permanently installed shall be connected to the 

power supply by means of a wiring method meeting the general 
requirements of this code, except that apparatus properly supplied 
by branch circuits not larger than a 30-ampere branch circuit may 
be supplied through suitable plug and heavy-duty cable or cord. 
Transportable X-ray apparatus of any capacity may be connected to 
its power supply by suitable temporary connections .and heavy-duty' 

. cable or cord. A disconnecting means of adequate capacity shall be 
provided in a location readily accessible from the X-ray control. For 
apparatus requiring 115-volt line fuses of 30 ampere or less a plug 
and receptacle of propel' size and of an approved make may serve 
as a disconnecting means. 

CONTROL 

Order 13-6611. Stationary Equipment. 
The low-voltage circuit of the step-up transformer shall contain a 

circuit-breaker having no exposed live parts and which shall under all 
operating conditions protect the radiographic circuit against fault 
conditions. If the design of the high-voltage transformer is such that 
branch fuses having a current rating lower than the current rating 
of the circuit-breaker are required for adequate protection for fluoro
scopic and therapeutic circuits, they shall be added for the protec
tion of these circuits. It is recommended that, if possible, the circuit
breaker protect all circuits; namely, radiographic, fluoroscopic and 
therapeutic circuits. The circuit-breaker shall be installed as a part 
of the equipment or directly adjacent thereto. The circuit-breaker 
shall be manually operable, 01' else there shall be at least one other 
Hwitch which is manually operable ill the low-voltage circuit of the 
step-up transformer, either as a part of the equipment or directly 
adjacent thereto. 
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Order 13-6612. Portable Equipment. 
Portable equipment shall comply with Order 13-6611, except that 

no circuit-breaker is required when the high-voltage parts, including 
the X-ray tube, are within the single metallic enclosure which is pro
vided with a means for grounding. The circuit-breaker, when re
quired, shall be located in or on the portable equipment. 

Order 13-6613. General. 
In addition to complying with Orders 13-6611 or 13-6612 as the 

case may be, medical X-ray apparatus shall be provided with con
trolling means as follows: 

A. Radiographic Type. A timer shall be provided and controlled 
by a switch which shall be designed to open automatically except 
when held closed by the operator. 

B. Fluoroscopic Type. A switch shall be provided which shall be 
designed to open automatically except when held closed by the 
operator. 

IC. Thempy. A timer shall be provided which is not of the repeat
ing type. 

Order 113-6614. Industrial X-ray Apparatus. 
Radiographic and Fluoroscopic Types. A switch which shall be de

signed to open automatically except when held closed by the oper
ator, or a timer, shall be provided. 

Order 13-6615. Foot Switch. 
Switches operated by foot pressure should be provided with a 

shield over the contact button to avoid accidental closing unless the 
equipment is of the fully enclosed shockproof type. When used for 
radiographic work, the foot switch shall return automatically to the 
X-ray off position when foot pressure is removed. The foregoing rec
ommendation shall have mandatory effect in the case of X-ray equip
ment for industrial use. 

Order 13-6616. Independent Control. 
If more than one piece of apparatus is operated from the same 

high-voltage circuit, each piece or each group of apparatus as a unit 
shall be provided with a high-voltage switch or equivalent discon
necting means. This disconnecting means shall be constructed, en
closed, or located so as to avoid contact with its live parts. 

TRANSFORMERS AND CAPACITORS 

Order 13-6621. General. 
Transformers and capacitors which are a part of an X-ray appa

ratus shall not be required to conform to the requirements of Sec
tions 13-450 and 13-460. 

Order 13-6622. Draining Capacitor Charge. 
Unless all current-carrying parts of capacitors, and of the conduc

tors connected therewith, are at least 8 feet from the floor and nrc 
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inaccessible to unauthorized persons, or unless when within 8 feet. 
from the floor are within enclosures of grounded metal or insulating 
material, capacitors shall be provided with an automatic means for 
discharge and grounding the plates whenever the transformer pri
mary is disconnected from the source of supply. 

GUARDING 

Order 13-6631. General. 
For new apparatus used on new installations, all high-voltage parts 

shall be mounted within grounded enclosures. Either ail', oil, or other 
suitable insulating media may be used to insulate the high voltage 
from the grounded enclosure. When existing apparatus employing 
open type overhead conductors is moved to a new location, or where 
reconditioned used apparatus of the open overhead type is resold for 
installation at a new location, the authority enforcing this code may 
require that all high-voltage parts within 8 feet of the floor be pro
tected against contact by barriers of grounded metal, or protected 
by approved insulating material. These requirements do not apply if 
the high-voltage parts are installed in separate rooms or enclosures 
which are provided with suitable door-operated switches to open the 
supply circuit to the X-ray unit except while the door of such room 
or enclosure is locked from the outside. The connections from the ex
posed overhead conductors may be made with high-voltage cables of 
the shockproof type. 

Order 13-6632. Enclosures of Wood. 
Wooden cabinets containing high voltage parts shall be lined inside 

with approved fire resistive material. The high voltage parts shall have 
adequate spacing from walls of the cabinet. High voltage equipment 
containing oil shall not be installed in wooden cabinets. Cabinets shall 
provide sufficient ventilation for safe operation of the equipment 
therein. 

Order 13-6633. Therapy Tubes and Equipment. 
X-ray tubes used in therapy shall be mounted in enclosures of 

grounded metal or insulating material approved for the purpose unless 
otherwise expressly permitted by the authority enforcing this code. 
Unless fully enclosed in cabinets or cases of grounded metal or of 
approved insulating materials, all high voltage parts of generators, 
rectifiers, filters and cooling equipment shall be installed in a separate 
room 01' enclosure. Suitable arrangements shall be provided whereby 
the switch controlling the supply circuit to such equipment will neces
sarily be open, except while the door of such room or enclosure is 
locked from the outside. 

Ol'der 13-6634. Grounding. 
Non-current-carrying metal parts of tube stands, fluoroscopic and 

other apparatus shall be grounded in the manner prescribed in Sec
tion 13-250. 
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SECTION 13-665. INDUCTION AND DIELECTRIC HEAT 
GENERATING EQUIPMENT 

Order 13-6651. Scope. 
The provisions of this section shall apply to the construction and, 

installation of induction and dielectric heat-generating equipment 
and accessories. 

The term "generating equipment" as used in this section shall be 
understood to mean any equipment used to change the voltage and/or 
frequency of the power supplied to such equipment. 

Induction heating is the heating of a nominally conducting 'mate
rial due to its own PR losses when the material is placed in a vary-

'ing electro-magnetic field. ' 
Dielectric heating is the heating of a nominally insulating mate

rial due to its own dielectric losses when the material is placed in a 
varying electric field. 

The term "therapeutic high frequency equipment" as used in this 
section shall be understood to mean generating equipment capable of 
producing alternating currents having frequencies greater than those 
frequencies which elicit neuromuscular response. In order to comply 
with the above, the output frequency of the therapeutic high fre
quency equipment shall not be less than 2 megacycles. 

Order 13-6652. Application of Other Sections. 
Wil'ing from the source of power to generating equipment shall 

comply with Code Chapters 1 to 4 inclusive. Circuits and equipment 
operating on a supply circuit of more than 600 volts shall comply 
with the provisions of Section 13-710. 

Order 13-6653. Capacity of Supply Conductors. 
A. For Motor Generator Equipment. Capacity of supply conductors 

shall be determined from Section 13-430 of this Code. 
B. 'For Other Than Motor Generator Equipm.ent. Capacity of sup

ply conductol's shall be determined as follows: 
1. The current-carrying capacity of the circuit shall be at least 

100 pel' cent of the nameplate current rating of the equipment. 
2. The cUl'rent-carrying capacity of conductors supplying two or 

more equipments shall be equal to at least 100 per cent of the sum 
of nameplate current ratings on all equipment involved except as 
follows: If, when supplying two or more equipments from the same 
feeder, simultaneous operation of said equipments is not possible, the 
capacity of the feedel' shall be at leal'lt 100 per cent of the sum of 
the nameplate cUl'1'ents for the largest group of machines capable of 
simultaneous operation, plus 100 per cent of the standby currents of 
the remaining machines supplied. 

Order 13-6654. Overcurrent Protection. 
A. Por Moto7' (}enerator Equipment. Overcul'l'ent pl'otection shall 

be provided as specified in Section 13-430 of this Code. 
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B. Other Thatn Motor Gene-rator Equipment. Overcurrent protec
tion shall be provided, if not supplied as part of the equipment, to 
protect the equipment as a whole. The ovel'current device shall have 
a rating 01' setting of not more than 200 per cent of the nameplate 
current rating. ' 

'Order 13-6655. Disconnecting Means. 
A readily accessible disconnecting means shall be provided by 

which each generating equipment can be isolated from the supply 
circuit. The current-carrying capacity of this disconnecting means 
shall be at least 100 per cent of the nameplate current rating of 
equipment. The supply circuit switch may be used as the generating 
equipment disconnecting means if the circuit supplies only one equip
ment. 

Order 13-6656. Output Circuits. 
Output circuits shall conform to the following: 
A. Output circuit parts shall include all high frequency components 

external to the generator, including interconnecting radio frequency 
transmission lines, load tuning networks, and work applicators. With 
respect to guarding, all such parts shall be considered with the gen
erating equipment as a complete assembly. 

B. The work applicator shall be so guarded that safe operation 
of the equipment will always be assured. 

C. When the connections between the generator and work appli
cator exceed two feet in length the connections shall be enclosed or 
guarded with non-combustible material. 

D. The generator output shall be at direct-current ground potential 
(coupled outputs alone, without other precautions, will not suffice 
because of the danger existing during possible flashovel's). 

Order 13-6657. Grounding and Bonding. 
Grounds or inter-unit bonding shall be used wherever required for 

circuit operation and for limiting to a safe value radio frequency 
potentials between all exposed non-current-carrying parts of the 
equipment and earth ground, also between all equipment parts and 
surrounding objects and between such objects and earth ground. 
Such grounding and bonding shall be installed in accordance with 
Section 13-250 of this Code. 

Order 13-6658. Low Frequency A.C. in Generating Equipment Output. 
Commercial frequencies of 25 to 60 cycle alternating-current out

put may be coupled for control purposes, but shall be limited to a 
value of 150 volts available only during periods of circuit operation. 

Order 13-6659. Hazardous Locations. 
Induction and dielectric heat generating equipment shall not be 

installed in hazardous locations as defined in Section 13-500 unless 
the equipment is designed and approved for hazardous locations. 
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Order 13-6660. Enclosure of Generating Apparatus. 

The generating apparatus including the D.C., low-, and high
frequency electrical circuits but excluding the output circuits shall 
be completely contained in an enclosure of noncombustible material. 
The metal housings of motors, generators and the like may serve as 
a part of this enclosure. 

Order 13-6661. Panel Controls. 

All panel controls shall be of "dead front" construction. 

Order 13-6662. Access to Internal Equipment. 

Doors or detachable panels may be employed for internal access. 
Where doors are used, giving access to voltages above 500 volts A.C. 
01' D.C., either door locks shall be provided or interlocking shall be 
installed with the choice of precaution optional. Detachable panels not 
normally used for access to such parts shall be fastened in a manner 
not conveniently removable. 

Order 13-6663. Warning Labels. 

Warning labels, definitely indicating dangel', shall be attached to 
doors, access panels or at other vantage points on equipment, so that 
the labels will be plainly visible when doors are opened or panels are 
removed from compartments containing voltages above 250 volts A.C. 
or D.C. 

Order 13-6664. Foot Switch. 

Switches operated by foot pressure shall be provided with a shield 
over the contact button to avoid accidental closing. 

Order 13-6665. Nameplate Data. 

Each generating equipment shall be provided with a nameplate 
giving the manufacturers' name and model identification and the fol
lowing input data: line volts, frequency, number of phases, maximum 
current, full load kva, and power factor. 

Order 13-6666. Remote Control. 

When remote controls are used for applying power, a "Local
Remote" switch shall be provided and interlocked so as to prevent 
the possibility of applying power from other than one selected con
trol point 01' points. 

Order 13-6667. Capacitors. 

When capacitors in excess of 0.1 Mfd. are used in D.C. circuits, 
either as rectifier filter components, arc suppressors, etc., having cir
cuit voltages exceeding 230 volts above ground, bleeder resistors or 
grounding switches shall be used as grounding devices. 

Where auxiliary rectifiers are used with filter capacitors in the 
output for bias supplies, tube keyers, etc., bleeder resi~tors shall be 
used even though the D.C. voltage may not exceed 230 volts. 
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Order 13-6668. Keying. 
Where high speed keying circuits dependent on the effect of "oHcil

lator blocking" are employed, the peak RF output voltage during the 
blocked portion of the cycle shall not exceed 100 volts. 

Order 13-6669. Protective Cages and Shielding. 
Protective cages or adequate shielding shall be used to guard work 

applicators. Interlock switches shall be used on all hinged access 
doors, sliding panels or other easy access means normally intended 
for quick access to the applicator. All interlock switches shall be con
nected in such a manner as to remove all power from the applicator 
when anyone of the access doors or panels is open. 

Ol'der 13-6670. Power Supply for Therapeutic Equipment. 
A. Where portability is not essential, equipment shall be perma

nently installed in accordance with Chapters 1 to 3 inclusive. 
B. Where portability is essential, the power supply cord shall be 

three-conductor hard service cord of such current-carrying capacity 
as to be not less than the marked rating of the equipment, and it 
shall be provided with one conductor whose insulation is green in 
color for equipment grounding. If the marked rating of the equip
ment exceeds 15 amperes the cord shall terminate in an approved 
three-blade attachment-plug cap. If the marked rating of the appli
ance does not exceed 15 amperes the cord may be terminated in an 
approved two-blade attachment-plug cap with grounding wire. (See 
Order 13-2559) 

Order 13-6671. Applicators for Therapeutic Equipment. 
Application of the high frequency power to the patient may be 

made by means of an electric field or of an induction field. Current
carrying parts of applicators shall be so insulated or enclosed that 
reliable isolation of the patient shall be assured. 

SECTION 13-670. MACHINE TOOLS 

GENERAL 

Order 13-6701. Scope. 
The provisions of this section apply to the electrical equipment for 

motor-driven, complete metal working machines, not portable by hand, 
having one or more tool and work holding devices used for pro
gressively removing metal in the form of chips. 

Order 13-6702. Application of Other Sections. 
The following provisions covel' the requirements for electrical wir

ing and equipment on machine tools within the scope of this section. 
They are in addition to or amendatory of the applicable provisions of 
other sections of this code, which apply except as modified in this 
section. 
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Order 13-6703. Identification. 
Each electrically operated machine tool shall be marked where 

plainly visible to show the voltage, full-load current and frequency 
required for each external circuit supplying the machine tool. For a 
multi-motored machine tool, this full-load current marking shall be 
not less than the sum of the full-load currents required for all motors 
which may be in operation at one time under normal conditions of 
use. If only a single motor is used, the motor nameplate may serve if 
plainly visible. 

Order 13-6704. Lighting. 
Lighting fixtures which are a part of or attached to any machine 

tool shall conform to the following: 
A. Voltage. The lighting circuit voltage shall not exced 150 volts 

between conductors and shall be a grounded circuit. 
. B. Flexible Cord. Flexible cord if used shall be of a type suitable 

for hard usage (see Table 31), and shall be resistant to coolant and 
oil. It shall be arranged so it cannot be damaged by moving parts of 
the machine. 

WIRING METHODS 

Order 13-6711. Conduit. 
Conductors shall be in rigid metal conduit or electrical metallic 

tubing except as provided in Orders 13-6712 to 13-6714, inclusive. 

Order 13-6712. Flexible Metal Conduit. 
Flexible metal conduit including the liquid tight type may be used 

only where necessary to employ flexible connections for small or in
frequent movements, as at motor terminals. 

Order 13-6713. Continuously Moving Parts. 
Wiring connections to continuously moving parts of a machine tool 

shall he of approved type, extra-flexible, non-metallic-covered, multi
conductor cable. Conductors shall conform to Order 13-6722. In lieu 
of cable, individual conductors enclosed in flexible tubing may be 
used. The tubing and its fittings shall be approved for the purpose, 
and conductors in such tubing shall be considered as subject to oil 
or coolant.· 

Order 13-6714. Compartments and Raceways. 
Compartments and raceways within the framework of a machine 

tool may be used to enclose conductors, provided they are isolated 
from coolant and oil reservoirs and are entirely enclosed. Conductors 
in machine compartments and raceways shall be secured and so 
arranged that they will not be subject to mechanical injury or 
abrasion. 

Order 13-6715. Number of Bends in Conduit. 
If a run of rigid metal conduit does not exceed 25 feet in len.gth, 

and the conductor fill does not exceed 30 pel' cent of the cross sec-
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tional area of, the conduit, the requirements of Order 13-3471 shall 
not apply. 

CONDUCTORS 

Order 13-6721. Sizes Permitted. 
Circuit and control conductors on 01' in machines shall not be 

smaller than No. 14 except as follows: 
A. Conductors to Moving' Pa1'ts. Copper conductors for control 

purposes to continuously moving parts may be No. 16 if all such con
ductors are insulated for the maximum voltage of any conductor in 
the cable or tubing. 

B. Conductors to Electronic and Precision Dervices. Copper con
ductors to electronic and precision devices may be No. 20, except if 
pulled into raceways they shall be not smaller than No. 18. 

Order 13-6722. Type. 
Conductors shall be of a type suitable for conditions of use. Flexi

ble, non-metallic, multi-conductor cable shall have an oil- and moisture
resistant insulation with a flame-retardant outer covering. 

Order 13-6723. Identification of Conductors. 
Conductors shall be identified either by color code or by other dis

tinctive means. White or natural gray coloring shall be used only 
for a grounded conductor, and green only for a conductor used to 
ground the frame of .equipment. 

CONTROL EQUIPMENT 

Order 13-6731. Mounting. 
Controllers shall be mounted in such a manner as to guard against 

mechanical injury, oil, coolant, dust, and dirt. 

Order 13-6732. In Machine Compartments. 
Compartments in the column or base of a machine may serve as 

enclosures for control equipment if the following provisions are 
complied with: 

A. Thickness of Metal. The wall thickness shall be not less than 
No. 14 USS sheet metal gauge if of sheet steel, not less than % inch 
if of cast metal, or not less' than /z inch if of malleable iron. 

B. Covers. Compartments shall have tight fitting hinged covers, not 
thinner than specified in paragraph A. Covers shall have adequate 
means for fastening securely in a closed position. 

C. Control Enclosures. Compartments used for control enclosures 
shall be readily accessible and shall not contain' moving parts not 
directly connected to electrical control equipment, and shall be so 
loc,ated as to guard the control devices against oil, coolant, chips, and 
dirt. 

:0. Venting.' A compartment enclosing group control equipment with 
branch circuit fusing as specified in paragraph B of Order 13-6742 
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shall have a clear opening of at least 2 square inches, vented to 
another compartment within the column or base and having at least 
one-half the volume of the control compartment. 

E. No Floor Opening. 'Compartments enclosing control equipment 
shall not be open to the floor or foundation upon which the machine 
rests. 

Order ,13-6733. Not In Machine Compartment. 
Controllers not in machine compartments shall comply with the 

following: 
A. Controllers with overcurrent protection as permitted by Or

der 13-6742 may be mounted on the oOutside of the machine, tool 01' 

on the floor as close to the machine tool as possible provided the 
enclosures comply with all the provisions of Order 13-6732. 

B. Other controllers may be mounted on the outside of the 
machine tool 01' elsewhere if they comply with the provisions of 
Section 13-430. 

MOTOR BRANCH-CmCUlT OVERCURRENT PROTECTION 

Order 13-6741. Branch Circuits. 
Any motor on a machine tool may be supplied from an individual 

branch circuit in accordance with the provisions of Section 13-430, 
01' may be connected to a branch circuit which also supplies other 
motors on the same machine tool in accordance with the provisions 
of Order 13-4343 or of Order 13-6742. The conductors supplying all 
motors on a single machine toOol may be considered a single branch 
circuit if all of these motors are protected in accordance with the 
provisions of Order 13-4343 or of Order 13-6742. 

Order 13-6742. Several Motors on One Branch Circuit. 
Controllers and running overcurrent protective devices for two or 

more motors connected toO the branch circuit of a single machine 
tool need not comply with the provisions of Order 13-4343, if all of 
the following provisioOns are complied with: 

A. Motor-Running Protection. Each motor shall be protected by 
a motor-running overcurrent protective device. 

B. Rating of Overcurrent Dea>ices. The branch circuit shall have 
overcurrent protection of a rating equal to that specified in Order 
13-4342 for the largest motor oonnected to the circuit, plus an amount 
equal to the sum of the full-load current ratings of all other motors 
on the machine tool which may be in' operation at one time under 
normal conditions of use and which are connected to the same cir
cuit. In no case shall overcurrent protection be moOre than 200 am
peres at 250 volts or less, or 100 amperes at 600 volts or less. 

C. Enclosures. Enclosures for control equipment and running pro
tective devices enclosed in machine compartments, or mounted on or 
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adjacent to the machine, shall comply in all respects with the pro
'visions of OrdEn's 13~6732 or 13-6733, 

D, Conductors, The conductors of the branch circuit shall comply 
with the provisions of paragraph B of Order 13--4343, 

PROTECTION AND GROUNDING 

Ot'der 13-6751. Protection Against Damage. 
If the failure of one motor to operate while others continue to run 

could cause damage, they shall be so connected that the hipping of 
any overload or under-current device will result in stopping all of 
these motors. 

Order 13-6752. Grounding. 
All machine tools within the scope of this section, including con

nected portable equipment shall be effectively grounded as specified 
in Section 13-250. 

Order 13-6753. Moving Parts. 
A machine part that moves on grounded metal guides or supporting 

ways shall be considered as adequately grounded if the movable part 
may not readily be removed by hand. 

SECTION 13-690. TRAILERS 

Order 13-6901. Wiring in Trailer. 
The wiring in a trailer used as a permanent residence which is to 

be connected to a regular outside distribution system should conform 
to the appropriate orders in this code. 

Order 13-6902. Connection of Trailer. 
Whenever a trailer is parked and its wiring system connected to the 

regular distribution system, propel' fusing and grounding shall be 
provided. The acceptable means of supplying this protection is as 
follows: 

For each trailer an outlet and conductors shall be provided for the 
connection of the trailer wiring system. The outlet and conductors on 
the regular distribution system shall consist of a fused switch, fused 
only on the ungrounded wire, approved receptacle, cable for supply
ing the energy, and a separate insulated conductor for grounding 
purposes. The cable and ground conductor shall be of approximately 
the same length. The ground conductor shall be attached to ground 
and to the neutral wire at the outlet and provided with a means of 
attaching to the trailer frame. 

Note. Cable should be not over 20 feet In length A,nil cOl1iluctors shoulil 
he Rt ,leQst No. t4 A.W.G. 
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Chapter 7. Special Conditions 

SECTION 13-700. EMERGENCY LIGHTING 

Order 13-7001. Where Required. 
The provisions of this section shall apply to systems or circuits for 

supplying emergency illumination only when such systems or circuits 
are required elsewhere in this code or by municipal, state, (such as 
Building, School Lighting or Industrial Lighting) or other codes. See 
Order 13-5202. 

Note. See the National Fire Protection Association Building Exits 
Code for other recommendations. 

The methods of supplying exit and emergency lIIumination in existing 
buildings will be determined in each individual case. 

Order 13-7002. Systems of Less Than 50 Volts. 
If a source of supply at less than 50 volts is employed as one of 

the systems, the installation shall also comply with the provisions of 
Section 13-720· of this code. 

Order 13-7003. Scope. 
Emergency lighting shall include all required exit lights and all 

other lights specified as necessary to provide sufficient illumination 
to enable persons to see their way out of the building. 

Order 13-7004. Tests and Maintenance. 
Systems shall be operated and tested frequently enough to assure 

their maintenance .in proper operating condition, and batteries shall 
be maintained in fully charged condition. 

It is recommended that inspection authorities having jurisdiction con
duct a tE'st on the complete system upon installation and perodicaI1y 
afterward. 

CURRENT SUPPLY 

Order 13-70.11. Source. 
Current supply shall be such that in event of emergency within the 

building or group of buildings concerned, emergency lighting shall be 
available. Services may 00mprise: 

A. One service, and a storage battery of sufficient capacity to 
supply and maintain at not less than 91 pel' cent full voltage the total 
load of the circuits carrying lights for emergency illumination for a 
period of at least % hour. Automobile batteries, or lead batteries of 
other than the sealed, glass-jar type, are not considered suitable. 

B. One service and a generator set, driven by some form of prime 
mover and of capacity sufficient to supply circuits carrying emer
gency illumination load, with suitable means for automatically start
ing the generator on failure of the normal service. 
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C. Services as widely separated, electrically and physically, as 
the available facilities allow. 

D. Connection on supply side of the main service if sufficiently 
separated from main service to prevent simultaneous interruption of 
supply thl'ough an occurrence within the building or group of build· 
ings served. ' 

Note. Separation shall be by walls or clear spaces and to an extent 
that will prevent' simultaneous interruption of supply through an 
occurrence within the building. 

It is recommended that where available, and in such locations as 
hospital operating rooms, separate and individual services be required 
for emergency lighting. 

Order 13-7012. Derangement Signals. 
Audible and visual signal devices shall be provided, where possible, 

to give warning of derangement of emergency' illumination current 
sources jeopardizing their proper functioning, and to indicate when 
batteries or generator sets are carrying the emergency illumination 
load. 

CIRCUITS 

Order 13-7021. Provision for Lights. 
Lights shall be provided and so located and supplied as to provide, 

with one service interrupted, emergency illumination without appre
ciable delay. The installation of lights would ordinarily require either 
one of the following: 

A. An emergency lighting system, independent of the general 
lighting system, with provisions for automatically transferring, by 
means of devices approved for the purpose, the emergency syste~ 
from a defective supply to another supply. 

B. Two or more separate and complete systems with independent 
current supply each providing emergency lighting. Unless both sys
tems are kept lighted, means shall be provided for automatically 
lighting either system upon failure of the other. Either 01' both sys
tems may be a part of the general house lighting system if circuits 
carrying lights for emergency illumination are installed in accordance 
with other orders of this section. 

Order 13-7022. Independent Wiring. 
Wiring shall be kept entirely independent of all other wiring and 

equipment and shall not enter the same fixture, raceway, box or 
cabinet with other wiring except as permitted in sub-paragraph B of 
Order 13-7021. ' 

Order i13-7023. Connection of Appliances. 
No appliances 01' lamps, other than those specified as required fO!' 

emergency illumination, shall be supplied by such circuits except as 
provided in sub-paragraph B of Order 13-7021. 



252 VOLUME 2-0R])ER 13-7031 

CONTROL 

Order 13-7031. Switch Required. 
Circuits for emergency illumination shall be controlled through one 

switch accessible only to authorized persons. 

Order 13-7032. Location. 
This switch shall be located preferably in the lobby; otherwise at a 

place convenient to the main entrance to the building, but in no case 
in a booth for projection of motion pictures. 

Order 13-7033. Other Switches. 

In addition to the above switch, there may be: 
A. A switch at the main service or on the control panel of a 

special current source. 
B. A switch located adjacent to the emergency switch, or an 

automatic light actuated device approved for the purpose, to control 
separately those lights on 1:he exterior of the building which are not 
required for illumination when there is sufficient daylight. 

Order 13-7034. Stage Control Prohibited. 
Circuits. shall not be connected to or controlled by a stage lighting 

control. 

OVERCURRENT PROTECTION 

Order 13-7041. Service. 
Service overcurrent devices only may be placed ahead of the branch

circuit overcurrent devices. 

Order 13-7042. Accessible Only to Authorized Persons. 
The branch-circuit overcurrent devices shall be accessible to author

ized persons only. 

SECTION 13-710. CIRCUITS AND EQUIPMENT OPERATING AT 
MORE THAN 600 VOLTS BETWEEN CONDUCTORS 

Order 13-7101. General. 
This section shall apply to installations operating at more than 600 

volts between conductors. See Order 13-0001-B. 

Order 13-7102. Application of Other Sections. 
Except as modified by this section, services of more than 600 volts 

shall conform to Orders 13-2301 to 13-2325, inclusive; Order 13-2335, 
13-2381, 13-2382, and Orders 13-2387 to 13-2392, inclusive; lighting 
fixtures shall conform to Section 13-410; motors shall conform to 
Section 13-430; transformers shall conform to 'Section 13-450; capaci
tors shall conform to Section 13-460; electric discharge signs shall 
conform to Section 13-600; X-ray equipment shall conform to Section 
13-660; and outside wires shall conform to Section 13-730. 



lM,illCTHlCAL CODID-OlWEllt 13-711G 253 

Order 13-7103. Insulation and Interrupting Capacity. 
Conductors, devices and equipment shall have an insulation or sepa

ration between parts of different potential and between live parts and 
the ground, sufficient for the particular voltage employed. Interrupt
ing devices shall have an interrupting rating at the circuit voltage 
sufficient for the voltage and current employed. 

Order 13-7104. Constant-Current Systems. 
Elsewhere than in substations and transformer vaults, constant

current systems shall not be installed in buildings, and lamps or fix
tures on series circuits shall not be attached to exterior of building 
walls unless the walls are of fire-resistive construction. 

INSTALLATION OF CONDUCTORS 

Order 13-7111. Wiring Method. 
Except in generator, transformer, switching and motor rooms, and 

for service runs of mUltiple conductor cable approved for the purpose, 
as permitted in Order 13-2387, conductors shall be in rigid conduit, 
duct, or armored cable specially approved for the voltage. 

Order 13-7112. Conductor Location. 
All circuits of more than 15,000 volts between conductors shall be 

installed only in transformer vaults, substations, and fire-resistant 
motor rooms, except as permitted for X-ray equipment in Section 
13-660. Conductors in conduit 01' duct and enclosed by concrete, brick, 
or equivalent fire-resistant material not less than 2 inches thick shall 
be considered outside the building. 

Order 13-7113. Open Conductors-Supports and Separation. 
If open work is employed, the conductors shall be supported on 

insulators of glass, porcelain, or other material approved for the pur
pose. Open conductors shall be separated not less than 8 inches from 
each other, except at apparatus and devices. They shall be not less 
than 2 inches from the surface wired over, and for voltages exceeding 
2500 not less than 3 inches. Conductors and their supports, including 
insulators, shall have the strength and stability to insure maintenance 
of the required clearance in case of short-circuit current. 

Order 13-7114. Conductor Covering. 
Open insulated conductors shall have a fiame-retardallt outer cover

ing. The conductor covering shall be stripped back one inch from the 
terminals so as not to touch them. If insulated conductors are pro
vided with a conducting or metalized shielding tape over the insula
tion and under the outer covering, this shielding tape shall be stripped 
back a safe distance for the voltage employed, a stress cone made, 
and the shielding tape adequately grounded at the terminals. 

Ordet' 13-7115. Lead-Covered Conductors. 
Where conductors emerge from a lead sheath, they shall be pro

tected from moisture and mechanical injury by a pothead or by 



254 VOLUME 2-0RDER 13-7115 

other means which will give equivalent protection. The lead sheath 
should be continued over splices. 

Order 13-7116. Conduit to Enter Fitting. 
Conduits shall enter and be secured to the casing, shields or enclos

ures of apparatus or to terminal boxes bolted or otherwise secured 
to the casing, shield, or enclosure, except in generator, transformer, 
switching and motor rooms and in substations. 

Order 13-7117. Shielding of Rubber-Insulated Conductors. 
If non-leaded, fibrous-covered, rubber-insulated conductors for per

manent installation operate at voltages higher than those indicated 
in the following table and under the conditions mentioned, they shall 
be of a type having metallic or semi-conducting shielding 01' other 
construction for the purpose of confining their dielectric field. The 
semi-conducting shield or other construction for controlling or con
fining the dielectric field shall be an approved type. 

Method of InstoJlation 
In ducts or metal conduits in wet or damp locations ____________ _ 
In ducts or metal conduit" in permanently dry locations ________ _ 
On insulators, only if multiple conductoL _____________________ _ 

Voltage in Kv Above which 
Shielding is Required 
Neutral Neutral 

Grounded Ungrounded 
2 2 
6t 3t 
6 3 

tSupposedly dry metallic conduits in some cases may contain sufficient moisture to allow 
formation of ozone and thus damage non-shielded cable at voltages above 2000. For conserva
tive practice it may be desirable to:shield(below theJimits:given, 

This rule is necessary because of the susceptibility to damage of 
rubber-covered conductors by corona which occurs at the higher volt
ages, particularly under alternately moist and dry conditions. 

Order 13-7118. Grounding of Shielding. 
The shielding of shielded cable, whether of the metallic or semi

conducting type, shall be grounded, preferably at two or more points. 
Stress cones shall be made at all terminations of shielding, as in pot
heads and joints. 

Ungrounded shielding normally has a potential above ground and 
should be regarded as a live conductor, 

CONTROL 

Order 13-7131. General. 
Orders 13-7132 to 13-7144 shall apply only to circuits and apparatus 

supplied through service equipment. They shall not apply to equip
ment in vaults. 

Order 13-7132. Separate Control. 
Each transformer 01' bank of transformers operating as a unit, and 

each other operating unit of apparatus shall, except as provided in 
Order 13-7143, be separately controlled. 
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Order 13-7133. Step-Up or Step-Down Units. 
If a generator operates with a transformer or a bank of transform

ers as a unit for stepping up or stepping down the voltage, they may 
be controlled as an operating unit. 

Order 13-7134. Series Trip Coils. 
Series trip coils connected dh'ectly to the circuit, unless guarded or 

isolated by elevation, should not be used with panel or panel-frame
mounted oil circuit-breakers on circuits exceeding 750 volts. It is rec
ommended that the use, without a transformer, of series trip coils 
in alternating-current circuits exceeding 750 volts be avoided. 

Order 13-7135. Enclosure of Apparatus. 
Switches, circuit-breakers, and control apparatus on circuits ex

ceeding 5,000 volts between conductors shall have a metal enclosure 
such as metal-enclosed switch-gear, trucks, and cubicles, or be in

. stalled remotely controlled in a fire-resistant' switchroom or motor 
room or in a vault complying with Orders 13-4541 to 13-4548 inclusive. 

If live parts of equipment in metal enclosures are accessible by 
means of a door, the door shall be provided with a lock so that it can
not be opened by unauthori:.:;ed persons, or with an interlock which 
will prevent opening unless the parts thereby exposed are de
energized. 

If connected to a circuit exceeding 15,000 volts between conductors, 
such apparatus shall be installed only in a vault which complies with 
Orders 13-4541 to 13-4548 inclusive. 

Order 13-7136. Oil Circuit-Breakers and Oil Switches to be Isolated. 
Oil circuit-breakers and oil switches shall be located away from 

other apparatus wherever practicable. If mounted in a closed com
partment, means shall be provided to indicate whether the breaker is 
open or closed. Unless installed in dead front type, automatic dis
connecting switch-gear equipment, suitable air break isolating dis
connecting switches shall be installed to isolate each oil switch or oil 
circuit breaker from the source of supply in any case where isolation 
cannot be effected otherwise. 

It is recommended that 011 switches used to control transformers 
be outside the vaults containing the transformers. 

Order 13-7137. Switches to Be Safely Accessible. 
All switches shall be so located that the point from which they are 

operated is safely accessible to qualified and authorized persons. Iso
lating switches shall be accessible to qualified persons only. Barriers 
should be provided on both sides of isola,tingswitches. 

Order 13-7138. Warning Signs. 
Unless isolating switches are so interlocked that they cannot be 

opened under load, signs shall be installed at isolating switches warn
ing against opening them while they are carrying current. 
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OVERCURRENT PROTECTION 

Order 13-7141. General. 
Each operating unit of apparatus shall be protected from over

current by a manually or power operated circuit-breaker except as 
provided in Order 13-7143, which will interrupt all ungrounded con
ductors. 

Order 13-7142. Number of Overcul'l'ent Units. 
The number of overcurrent units shall be as specified in Table 28, 

Chapter 10. 

Order 13-7143. Fuses. 
Fuses of suitable rating and type, which conform to Order 13-7103, 

may be used on circuits of not more than 15,000 volts for the following 
purposes: 

A. For the protection of individual feeder 01' branch circuits at 
the point where they receive their supply. If there is more than one 
such circuit, there shall be a manually or power operated circuit
breaker between the point of origin of such circuits and the source of 
supply. 

B. For the protection of motors as specified in Section 13-430. 
C. For the protection of transformers as specified in Section 

13-450. 
D. For the protection of other classes of apparatus by special 

permission. 

Order 13-7144. Injury From Fuses. 
Fusible cutouts shall be so installed that the blowing of the fuse 

will not result in injury to persons or damage to other equipment. 
They shall be accessible to qualified attendants only. 

MOTORS 

Order 13-7151. General. 
Motol'S operating at more than 600 volts shall comply with the pro

visions of Section 13-430. 

SERVICES AND SERVICE EQUIPMENT 

Ol'der 13-7152. General. 
Services and service equipment shall comply with Section 13-230. 

TRANSFORMERS 

Order 13-7153. General. 
Transformers operating at more than 600 volts shall comply with 

the provisions of Section 13-450, 



GUARDING 

Order 13-7161. Live Parts to Be Guarded. 
If accessible to unqualified persons, all live parts, including con

ductors, shall be enclosed or isolated. 

Order 13-7162. Isolation by Elevation. 
To secure isolation by elevation, the distances above the floor or 

working surface shall be not less than given in Table 32, Chapter 10. 

Order 13-7163. Working Space. 
Except in stations, substations and vaults, under the sole control 

of the supply company, adequate working space shall be provided ad
jacent to current-carrying parts upon which repairs or adjustments 
must be made while such parts are alive. The clear space when remov
able guards are taken away shall be not less than given in Table 33 
of Chapter 10. If live parts are exposed on opposite sides of the work
ing space, a clear space of not less than 4 feet shall be provi'ded. 

Order 13-7164. Air-Break Switches and Fuses. 
Air-break isolating switches and fuses shall be accessible to quali

fied persons only. 

Order 13-7165. Generator, Switching, and Motor Rooms to be Locked. 
Generator, switching, and motor rooms 'shall be securely locked 

except while a qualified operator is present .• 

GROUNDING 

Order 13-7171. General. 
Except in stations, substations and vaults under the sole control of 

the supply company, enclosures of metal and all non-current-carrying 
parts of equipment or apparatus shall be grounded in the manner 
specified in Section 13-250. 

SECTION 13-720. CIRCUITS AND EQUIPMENT OPERATING 
AT LESS THAN 50 VOLTS 

Order 13-7201. General. 
This section shall apply to installations operating at less than 50 

volts, direct current or alternating current, except such as are treated 
in Sections 13-650 and 13-725. 

Order 13-7202. Larger Current at Lowel' Voltage. 
Conductors, devices, and equipment shall have current ratings suffi

cient for the greater current required to deliver equal power at the 
lower voltage than at usual voltages. 

Order 13-7203. Conductors. 
Conductors shall be not smaller than No. 12, and for appliance 

branch circuits supplying more than one appliance 01' applianee I'e

ceptacle, conductors shall be not smaller than No. 10. 



258 VOLUME 2-0RDER 13-7204 

Order 13-7204. Branch Circuit. 
Not more than 8 lampholders or receptacles, nor a total load of 

more than 320 watts, shall l?e connected to a branch circuit. Motors or 
appliances of rating more than 320 watts shall have a separate branch 
circuit. 

Order 13-7205. Lampholders. 
Standard lampholders of rating not less than 660 watts shall be used. 
Note. This requirement does not apply to limited low voltage indus

trial lighting systems. Smaller lampholders may be used for low voltage 
lamps in connection with sewing machines and similar devices. 

Order 13-7206. Receptacle Rating. 
Receptacles shall have a rating not less than 15 amperes. 

Order 13-7207. Receptacles Required. 
Reaeptacles of not less than 20 ampere rating shall be provided in 

kitchens, laundries, and other locations where portable appliances are 
likely to be used. 

Order 13-7208. Overcul'rent Protection. 
Overcurrent protection shall comply with the provisions of Section 

13-240. 

Ordell 13-7209. Batteries. 
Batteries shall conform to the following: 

A. Location. Batteries shall be located in rooms or spaces having 
natural ventilation. 

B. Support. Battery jars and cells, if not composed of insulating 
material such as glass or hal'd rubber, shall be mounted on insulating 
supports of glass or porcelain. 

Order 13-7210. Grounding. 
Equipment and circuits shall be grounded as follows: 
A. Ma.chines. The grounding of frames of engines 01' generators is 

not required. 
B. Conductors. One of the circuit conductors shall be grounded if 

conductors a.re run overhead between buildings, .01' if the circuit is 
supplied through a transformer from an ungrounded circuit 01' from 
a grounded circuit of more than 150 volts. 

I-lECTlON 13-725. REMOTE-CON'l'ROL, LOW-ENERGY POWlim 
AND SIGNAL CIRCUITS 

Order 13-7251. Scope. 
Provisions of this section shall apply to remote-control circuits, 

low-energy power circu'its and signal circuits, as defined in Order 
1020, Definitions. 

'.fhe prOVisions of this section are not inienileil to apply to remote
l'(>I1tl'ol, 10w-enf'l'gy or Ilignal "irpllits whicoh form all illtf'gTlll part of It 

llt'vict'. 
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Order 13-7252. Hazardous Locations. 
Circuits or equipment coming within the scope of this section and 

installed in hazardous locations shall also comply with the appro
priate provisions of Section 13-500. ' 

Order 13-7253. Classification. 
Remote-control and signal circuits shall be classified as follows: 
A. Class 1 Circuits. Control and signal circuits in which power is 

not limited in accordance with Order 13-7281. 
B. Class 2 CirGuits. Control and signal circuits in which the power 

is limited in accordance with Order 13-7281. 

Order 13-7254. Low-Energy Power Circuits. 
Circuits which are neither remote-control nor signal circuits, but 

which have the power limited in accordance with Order 13-7281 shall, 
for the purpose of this code, be treated as Class 2 remote-control 
circuits. 

Order 13-7255. Safety-Conti'ol Devices. 
Remote-control cir'cuits to safety-control devices, the failure of 

operation of which would introduce a direct fire or life hazard, shall 
be considered as Class 1 circuits. 

Room thermostats, service hot-water temperature regulating devices, 
and similar controls used in conjunction with electrically-contrtllled 
domestic heating 'equipment, are not considered to be safety-contr61 
devices. 

Order 13-7256. Remote-Control and Signal Circuits in Communica-
tion, Cables. ' • 

Remote-control and signal circuits, which use conductors in the 
same cable with communication circuits, shall, for the purpose of 
this section, be classified as communication circuits and meet the re
quirements of Section 13-800, of this code. 

CLASS 1 SYSTEM 

Order 13-7261. Wiring Method. 
Conductors and equipment of Class 1 remote-control and signal 

systems shall be installed in accordance with the requirements of the 
appropriate sections in Chapter 3 of this code, except as provided in . 
Orders 13-7262 to 13-7265 inclusive. 

9rder 13-7262. Other Sections. 
The wiring method required in Order 13-7261 dOllS not apply where 

other sections of this code specifically permit or require other methods 
for remote-control or signal circuits. See Section 13-620, Elevators, 
for example., 

Order 13-7263. Conductor iSizes. 
Nos. 18 and 16 gauge conductors may be used if installed in a 

raceway or a cable approved for the purpose, or in flexible cords in 
accordance with the provisions of Section 13-400. 
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Order 13-7264. Conductor Insulation. 
Conductors larger than No. 16 shall be rubber-covered Type R, 

thermoplastic-covered Type T, or other approved type. Fixed con
ductors Nos. 18 and 16 gauge shall have an insulation at least equal 
to that of Type RF-32 rubber-covered or Type TF thermoplastic
covered fixture wire. Conductors approved for the purpose having 
rubber insulation of a thickness less than specified above 01' having 
other kinds of insulation may be used. 

Order 13-7265. Number of Conductors in Raceways. 
The number of conductors of remote-control or signal circuits in a 

raceway may be determined according to Tables 4 or 9 of Chapter 10; 
and Note 4 of Table 1 need not be observed. Where there are foul' or 
more conductors in a raceway, some of which are remote-control, as 
permitted by Order 13-3011, the provisions of note 4 following Tables 
1 and 2 of Chapter 10 shall apply, as determined by the number of 
power and lighting circuit conductors only. 

Order 13-7266. Conductors of Different Systems. 
Conductors of two or more Class 1 remote-control and/or signal 

circuits may occupy the same enclosure or raceway without regard 
to whether the individual systems ol'circuits are alternating or direct 
current, provided all conductors are insulated for the maximum volt
age of any conductor in the enclosure or raceway. Conductors of 
remote-control, low-energy power and signal circuits, in which the 
current is limited as for Class 2 systems, shall be considered as 
Class 1 system condudors for the purpose of this requirement if in
sulated and installed in accordance with the provisions for Class 1 
system conductors. Power supply conductors may occupy the same 
enclosure or raceway with Class 1 system conductors when supplying 
only equipment to which Class 1 system conductors are connected. 

Order 13-7267. Mechanical Protection of Remote-Control Circuits. 
Where damage to a remote-control circuit would constitute a haz

ard as covered in Order 13-7255 all conductors of such remote-control 
circuits shall be installed in conduit, electrical metallic tubing or be 
otherwise suitably protected from mechanical injury. 

Order 13-7268. Overcurrent Protection. 
Conductors shall be protected against overcurrent in accordance 

with the carrying capacities of Tables 1 and 2, Chapter 10 except as 
follows: 

A. Other Sections. Where other sections of this code specifically 
permit or· require other overcu1'l'ent protection. See Orders 13-4372 
and 13-6251. 

B. Conductors of Nos. 18 and 16. Conductors of Nos. 18 and 16 
shall be considered as protected by overcurrent device,s of 15-ampere 
rating or setting. 

C. Omission of OVM'CUr?'ent Protection. In remote-control and sig
nal circuits having main and branch circuits, the branch circuits 
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need not be individually protected against overcurrent, if thc opcrat
ing voltage does not exceed 30 volts. 

Ol'det' 13-7269. Location of Overcurrent Protection • 
. Overcurrent devices shall be located at the point where the con

ductor to be protected receives its supply unless the overcurrent 
device protecting the larger conductor also protects the smaller con
ductor in accordance with Tables 1 and 2 of Chapter 10. 

Order 13-7270. Circuits Extending Beyond One Building. 
Class. 1 remote-control and signal circuits which extend aerially 

beyond one building shall also meet thc requirements of Section 
13-730, Outside Wiring. 

Order 13-7271. Grounding. 
Class 1 remote-control and signal circuits shall be grounded in 

accordance with Section 13-250 as follows: 
A. If supplied by a separate control transformer from a system 

having a nominal voltage to ground of more than 150 volts. 
B. If run overhead outside of buildings, and so run as to be 

liable to accidental contact with power conductors operating at a 
potential exceeding 300 volts. 

LIMITATION OF CLASS 2 REMOTE-CONTROL AND 
SIGNAL SYSTEMS 

Order 13-7281. Lhp.itation of Class 2 Systems. 
Class 2 remote-control and signal systems, depending on the volt

age shall have the current limited as follows: 
A. Maximum 15 Volts: 5 Ampe~'es. 'Circuits in which the open

circuit voltage does not exceed 15 volts and having overcurrent pro
tection of not more than 5-amperes rating. If the current supply is 
from a transformer or other device having energy-limiting character
istics and approved for the purpose, or from primary batteries, the 
overc\.lrrent protection may be omitted. 

B. 15 to 80 Volts: 8 Amperes. Circuits in which the open-circuit 
voltage exceeds 15 volts but does not exceed 30 volts, and having 
overcurrent protection of not more than 3-amperes rating. If the cur-
1'ent supply is from a transformer or other device having energy
limiting characteristics and approved for the purpose, or from pri
mary batteries, the overcurrent protection may be omitted. 

C. 8,0 to 60 Volts: 1% Amperes. Circuits in which the open-circuit 
voltage exceeds 30 volts but does not exceed 60 volts, and having 
overcurrent protection of not more than 1%-amperes rating. If the 
current supply is from a transformer or other device having energY-
limiting characteristics and approved for the purpose, the overcurrent 
protection may be omitted. 

D. 60 to 150 Volts: 1 A n~pere. Circuits in which the open-circuit 
voltage exceeds 60 volts but does not exceed 150 volts, and having 
overcurrent .protection of not more than 1-ampere rating, provided 
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that such circuits are' equipped with current-limiting means other 
than overcurrent protection which will limit t.he current as a result 
of a fault to not exceeding 1 ampere. 

Order 13-7282. Overcurrent Protection and Mounting. 
Where current is limited in Class 2 systems by means of over

current protection, such protection and its mounting shall be approved 
for t.he purpose. Overcurrent protection of different ratings shall not 
be of an interchangeable type. The overcurrent protection may be an 
integral part of a transformer or other power supply device approved 
for the purpose. 

Order 13-7283. Transformer Rating. 
Transformer devices supplying Class 2 systems shall be approved 

for the purpose and be restricted in their rated output to not exceed
ing 100 volt-amperes. They shall be marked where plainly visible to 
show the voltage to be applied to the circuit. 

A transformer is considered as meeting the 100 volt-ampere require
ment if 'the approxiIhate temperature limit is reached at a 100-volt
ampere load. 

INSTALLATION OF CLASS 2 REMOTE-CONTROL AND 
SIGNAL CIRCUITS 

Order 13-7291. On Supply Side of Overcurrent Protection, Trans
formers or Current-Limiting Devices. 

Conductors and equipment on supply side of overcurrent protec
tion, transformers or current-limiting devices shall be installed in 
accordance with the appropriate requirements of Chapter 3 of this 
code. Transformers or other devices supplied from electric light and 
power circuits shall be protected by an overcurrent device with a 
rating or setting not exceeding 15 amperes. 

Order 13-7292. On Load Side of OvercUl'rent Protection, Transformer 
or Current-Limiting Devices. 

Conductors on load side of overcurrent protection,' transformer or 
current-limiting devices shall be insulated and shall comply with the 
following: 

A. Sepa1'ation from Other Conductors. 'Conductors shall be sepa
rated from conductors of electric light and power circuits as follows: 

1., Open Conductors. Conductors shall be separated at least 2 
inches from any light or power conductors not in a raceway unless 
permanently separated from the conductors of the other system by a 
continuous and firmly fixed nonconductor, such as porcelain tubes or 
flexible tubing, additional to the insulation on the wire. 

2. In Raceways and Boxes. Conductors of Class 2 remote-control 
and signal circuits shall not be placed in any raceway, compartment, 
outlet box or similar fitting with conductors for either light and 
power circuits or Class 1 signal and control circuits, unless the con
ductors of the different systems are separated by a partition; pro-
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vided that this shall not apply to conductors in outlet boxes, junction 
boxes or similar fittings or compartments where power supply con
ductors are introduced solely for supplying power to the remote
control' or signal equipment to which the other conductors in the 
enclosure are connected. 

3. In Shafts. Conductors may be run in the same shaft with con
ductors for light and power if the conductors of the two systems are 
separated at least 2 inches, or if the conductors of either system are 
encased in noncombustible tubing. In hoistways, conductors shall be 
installed in rigid conduit or electrical metallic tubing except as pro
vided for in paragraph A of Order 13-6206. 

B. Vertioal Runs. Conductors bunched together in a vertical run 
in a shaft shall have fire-resistant covering capaQle of preventing the 
carrying of fire from floor to floor, except where conductors are 
encased in noncombustible tubing or are located in a fireproof shaft 
having fire stops at each floor. 

The kind of insulation for the conductors shall be suitable for the 
particular application but is not specified in further detail as reliance 
is placed on current limitation to stop dangerous currents. Where 3 or 
more condUctors are used, it is recommended that such conductors be 
grouped under a common braid or covering. 

Order 13-7293. Circuits Extending Beyond One Building. 
Class 2 remote-control and signal circuits which extend beyond 

one. building and are so run as to be subject to accidental contact 
with light or power conductors operating at a potential excee~ing 300 
volts, shall also meet the requirements of Orders 13-8011, 13-8021, 
and 13-8022 of Section 13-800 of this code. 

Order 13-7294. Fire Alarm Wiring. 
The energy for operation of fire alarm systems shall be taken from 

sources suited to the design of the system. Primary batteries shall 
not be used. 

A 3-wire 110-220 volt service will be accepted for supervised sys
tems provided the operating current is secured from one ungrounded 
conductor and the neutral or grounded conductor and the current for 
operating trouble signal or signals is secured from the other un
grounded conductor and the neutral or grounded conductor. 

Electrical wiring in connection with fire alarm systems shall be 
installed in rigid metal conduit, flexible metal conduit, electrical 
metallic tubing or surface metal raceway. Armored cable (metal) 
may be used where it can be fished in hollow spaces of walls 01' par
titions in apartments or rooming houses not over three stories in 
height. Where the wiring is subject to excessive moisture 01' severe 
mechanical injury, rigid metal conduit shall be used. The smallest 
size conductor to be used in any fire alarm system in a building over 
three stories in height shall be No. 14 A WG or No. 16 AWG for 
buildings not over three stories in height. The wires shaH be pro
vided with insulation suitable for use on circuits not exceeding 600 
volts. Fire alarm systems shall be connected to the line side of the 
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main service switch or to the emergency bus, where available, through 
an approved fire alarm cut-out or equivalent. 

See Order 5124 of the Wisconsin State Building Code for general 
requirements covering tire alarm systems. 

SECTION 13-730. OUTSIDE WIRING 

Order 13-7301. Scope. 
The requirements of this section shall apply to electrical equipment 

or wiring located on private or public premises, attached to the out
side of or run between buildings or structures, but shall not apply to 
wiring for signs and other extensions of interior wiring, nor to equip
ment or wiring of an electric or communication utility used in the 
exercise of its function as a utility, except as otherwise provided in 
this code. 

Note: For detailed orders governing the construction of facilities by a 
utility in the exercise of its function as a utility see Volume 1 of the 
Wisconsin State Electrical Code. 

Order 13-7302. Application of Other Sections. 
Equipment and wiring for service conductors shall comply with 

Section 13-230. Equipment and wiring located in hazardous locations 
shall comply with Section 13-500. Equipment and wiring for signs 
and outline lighting shall comply with ISection 13-600. Equipment and 
wiring for remote control, low-energy power and signal circuits shall 
comply with Section 13-725 and equipment and wiring for communi
cation circuits shall comply with Section 13-800. 

Note: All outside lines overhead or underground operating at more 
than 750 volts shall be constructed in accordance with the requirements 
of Volume 1 of the code. 

l~or detailed orders covering line work. reference is made to Part 2 
of the Wisconsin State Electrical Code. 

For signs and outline lighting, see Section 13-600. 
For signal and control wiring, see Section 13-725. 

GENERAL 

Order 13-7311. Wiring Method. 
Outside wiring may be installed as open conductors on insulating 

supports, as multiple-conductor cable approved for the purpose, in 
rigid metal conduit; in busways as provided in Ordel's 13-2331 and 
13-3646, or in electrical metallic tubing; except that for circuits of 
more than 600 volts run on the exter'ior building walls, conductors 
may be installed in electrical metallic tubing only for sign and out
line lighting as provided in Section 13-600. Except as provided in 
Order 13-2387, other conductors of more th~n 600 volts shall be in
stalled in rigid metal conduit 01' cable approved for the purpose. 

Note: For outside wiring of more than 750 volts the requirements of 
Part 2 of Volume 1 should be used. 

Order 13-7312. Common Neutral. 
For the supply of lighting equipment installed on a single pole 01' 

f;tl'Ucture, the branch circuits shall comply with the requil'ements of 
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Section 18-210 for 'multi-wire branch circuits. A common neutral may 
be employed for the branch circuits, provided not more thl.\n 8 un
grounded conductors are used. Such a common neutral shall have a 
carrying capacity not less than twice the carrying capacity of one of 
the ungrounded conductors, 

Order 13-7313. Conductor Insulation. 
Open conductors support!Jd on insulators shall be of the rubber

covered type, thermoplastic type 01' weatherproof (Type WP), where 
within 10 feet of any building 01' structure. Conductors in cables or 
raceways shall be of the rubber-covered type or thermoplastic type, 
and in wet locations shall comply with paragraph B of Order 13-3102. 
Conductors for festoon lighting shall be of the rubber-covered or 
thermoplastic type. 

Order 13-7314. Size of Conductors. 
The size of conductors shall conform to the following: 
A. Carrying Capacity. Conductors shall conform to the allowable 

current-carrying capacities of Tables 1 and 2 of Chapter 10. 
B. Overhead Spans. Overhead conductors shall not be smaller than 

No. 10 for spans up to 50 feet in length, and not smaller than No.8 
for longer spans. 

C. Festoon Lighting. Overhead conductors for festoon lighting shall 
not be smaller than No. 12 unless supported by messenger wires. 

D. Over 600 Volts. Ove~head conductors of over 600 volts shall not 
be smaller than No.6 unless in cable. Conductors in cable shall not be 
smaller than No.8. Conductors operating at more than 750 volts shall 
comply with the requirements of Part 2 of the Code. 

OPEN CONDUCTORS 

Order 13-7321. Supports. 
Open conductors shall be supported as follows: 
A. Open Conductors. Open conductors shall be supported on glass 

or porcelain knobs, racks, brackets, or strain insulators, approved for 
the purpose. 

B. Festoons. In spans exceeding 40 feet the conductors shall be 
supported by a messenger wire supported by approved strain insu
lators. Conductors or messenger wires shall not be attached to any 
fire escape, ,downspout, or plumbing equipment. 

'C. Mechanical Protection. Open conductors shall not be within 8 
feet from the ground, shall not be readily accessible and shall not be 
subject to mechanical disturbance. Conductors within 8 feet from the 
ground, when readily accessible, or when subjected to mechanical 
disturbance, shall be protected by conduit, electrical metallic tubing, 
or equivalent protection. 

D. Ove?' 750 Volts. Supports carrying conductors operating at over 
750 volts shall meet the requirements of Part 2, Volume 1 of this 
eode. 
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Order 13-7322. Spacings. 
Conductors shall conform to the following spacings: 
A. Open Conductors Not Exposed to Weather. Open conductors 

not exposed to the weather shall be supported at intervals not ex
ceeding 4% feet, and shall be separated not less than 2% inches from 
each other and 1 inch from the surface wired over. 

B. Open Conductors Exposed to the Weather. Except in open spans, 
conductorR exposed to the weather shall be supported at interval}; 
not exceeding 9 feet, separating the conductors at lea;;t 6 incheR 
from each other and at least 2 inches from the Rurface wired ove),; 
provided that supports may be placed at intervals not exceeding 15 
feet if conductors are separated at least 12 inche: from each other. 
For 300 volts 01' less, conductors may have a separation of not less 
than 3 inches if supports are placed at intervals not exceeding 4 % 
feet and conductors are not less than 2 inches from the surface wired 

. over. In open spans conductors shall be separated at least 12 inches 
from each other. 

C. Over 600 Volts. Except in open spans, open conductors of cir
cuits of over 600 volts shall be separated not less than 8 inches from 
each other and not less than 2 inches from the surface wired over 
for voltages of 2500 volts 01' less and 3 inches for voltages exceeding 
2500 volts but not exceeding 8700 volts. In open spans, conductors 
shall meet the requirements of Part 2, Volume 1 of this code. 

D. Separation f1'om Other Conductors. Open conductors shall be 
separated from open conductors of other circuits or systems by not 
less than 4 inches. 

E. Line Conductors. Line conductors shall have a separation of 
not less than 1 foot if operating at a voltage of 750 volts 01' less. Ii 
operating at more than 750 volts the requirements of Part 2 shall be 
followed. If conductors of less than 750 volts are placed on racks on 
poles the separation shall be 4 inches for spans up to 150 feet, 6 
inches for spans up to 200 feet, 8 inches for spans to 250 feet, and 
12 inches for spans up to 300 feet. 

Power conductors should be placed above communication conduc
tors. For power conductors operating at less than 300 volts a climb
ing space of 24 inches shall be provided. If operating between 300 
volts and 8,700 volts, 30 inches shall be provided. For higher voltage, 
see Part 2 of the Code. The climbing space for communication con
ductors shall be the same as required by power conductors above them. 

Order 13-7323. Clearance from Ground. 
Conductors shall have the followirig clearances from gTound: 
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Over Footwalks and Space. Acce .. lble to Pedestrians only _________________________ _ 
Over Driveways to Residence Garages _______ _ 
Service Attached to Building above Ground ___ _ 
Over Farm Drlveways ______________________ _ 
Over Parking Lots, Drive-ins, and Commercial Areas ____________________________ - __ - __ - _ 
Over Streets or Alleys in Urban Districts ______ _ 
Over Areas Used for Asrricultural Purposes ____ _ 
Along Roads in Urban llistricts ______________ _ 

Alonls!0~~~:2 ~~l~~~i~t~fc~i; c.;d;: -------

0-160 
Volts 
Feet 

10 
12 
10 
15 

12 
18 
15 
18 
15 

Order 13-7324. Clearance from Buildings. 

150-300 
Volts 
Feet 

12 
12 
12 
15 

12 
18 
15 
18 
15 
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300-600 Over=600 
Volts Volts 
Feet Feet 

15 * 12 * 15 * 15 * 
* * 18 * 15 * 18 * 15 * 

Conductors shall hav~ a clearance from buildings as follows: 
These requirements apply specifically to open conductors, but where 

other approv.ed wiring methods as provided in Order 13-.7311 are em
ployed it is necessary to obtain clearance spacings, etc., as called for by 
paragraphs A and/or B of this order· or by attaching the raceways. 
cables, or messenger-supported cables in an approved manner. 

A. Over Roofs. Open conductors (600 volts or less) shall not be less 
than 8 feet from the highest point of roofs but service drops operat
ing at 300 volts or less may be not less than 3 feet from the highest 
point of roofs that cannot be readily walked upon. Conductors attached 
to roof structures shall be substantially supported. Wherever practi
cable, conductors crossing over buildings shall be supported on struc
tUres which are independent of the building. For voltages over 600 
volts see Part 2 Volume 1 of this 00de. 

B. Horizontal CleWl'ances. Open conductors shall be not less than 
36 inches from windows, doors, porches, fire escapes, or similar loca
tions and shall conform to the following: 

1. Zone for Fire Ladders. If buildings exceed 3 stories, or 50 
feet in height, overhead lines shall be arranged where practicable so 
that a clear space (or zone) at least 6 feet wide will be left either 
adjacent to the buildings or beginning not over 8 feet from them, to 
facilitate the raising of ladders when necessary for fire fighting. 

2. Less Than 8700 Volts. Open conductors of less than 8700 volts 
between conductors shall be at least 3 feet horizontally from build
ings unless 8 feet higher than the roof. 

3. Exceeding 8700 Volts. See Part 2 Volume 1 of this code. 
4. Service Drops. Service drops or final spans of feeders to build

ings which they serve or from which they are fed must necessarily 
approach the building more closely than indicated, but they shall be 
kept away from windows, doors, porches, fire escapes or similar loca
tions and shall be run to the building in such a way as to avoid any 
hazard. 

Order 13-7325. Protection on Buildings or Structures. 
Where open conductors are subject to mechanical disturbance, or 

are readily accessible, they shall be protected by rigid metal conduit, 
electrical metallic tubing, shall be of multiple conductor cable approved 
for the purpose, or shall have equivalent protection .. 
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. 
Order 13-7326. Protection on Poles. 

Conductors on a pole shall be protected from mechanical injUl'Y 
to a point at least 8 feet from the ground. Such protection shall con
form to Order 13-7325. 

Order 13-7327. Entering Buildings-Drip Loops. 

Open conductors where they enter or leave a building shall pass 
upward and inward through slanting, non-combustible, non-absorptive 
inSUlating tubes. Drip loops shall be formed on the conductors out
side the building. 

MULTIPLE-CONDUCTOR CABLES 

Order 13-7331. Multiple-Conductor Cables. 

Multiple-conductor cables of Type SD shall have insulating supports 
at intervals not exceeding 15 feet and maintaining' a distance of not 
less than 2 inches from the surface wired over; and shall be protected 
where within 8 feet from the ground or where subject to mechanical 
injury. Multiple-conductor cables of Type SE 01' ASE mounted in 
contact with the building shall be supported at intervals not exceed
ing 4% feet. 

RACEWAYS 
Order 13-7341. Raceways. 

Conduit and electrical metallic tUbing on exterior of buildings Hhall 
be made rain-tight and suitably drained. 

UNDERGROUND CONDUCTORS 

Order 13-7351. Mechanical Pl·otection. 

-Underground conductors shall be protected against mechanical in
jury by being installed in duct, in the fOI'1ll of u cable approved foJ' 
the purpose 01' by other approved means. 

Order 13-7352. Draining. 
Underground conduits 01' ducts, when not located helow the fl'Oflt 

line, shall be arranged to drain. 

Ol'der 13-7353. Protection Where Entering Building. 
Where undergroud conductorH enter a building, they Hhall have 

mechanical protection in the form of rigid or flexible conduit, electrical 
metallic tubing, auxiliary gutters, or cables approved for the purpose, 
or other approved means. 

(h'der 13-7354. Protection on Poles. 
Underground conductors carried up a pole shall conform to Order 

la-n2fi. 

FIXTURES 
Ordet· 13-7361. Lampholders. 

Lampholders shall be of molded composition, OJ' other aPPI'oyed 
material of the weatherproof type, and if they are aUached aH pend-
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ants shall have the connections to the circuit wires staggered. If 
lampholders have terminals of a type which puncture the insulation 
and make contact with the conductors, they shall be attached only to 
conductors of the stranded type. 

Order 13-7362. Location of Lamps. 
For outdoor lighting, lamps shall be located below· all live con

ductors, transformers, or other electrical equipment, unless clearances 
or other safeguards are provided for relamping operations, or unless 
the installation is controlled by a disconnecting means which can be 
locked in the open position. 

Order 13-7363. Overcurrent Protection. 
Conductors supplying outdoor lighting fixtures and utilization 

equipment shall be protected in the same manner as conductors sup
plying interior lamps and equipment. See Table 2, Chapter 10. 

Note: If No. 14 eondudol's are used. over-current protection loated at 
not Illore them 15 amperes shall b" provided. For No. 12 condudors lhiH 
Illay /)" incl'eas("d to 20 amperes. 

Order 13-7364. SpHces and Taps. 
All splices and taps shall be made mechanically and electJ'ically 

secure by one of the methods deHcribed in Order 13-1118. 
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Chapter 8. Communication Systems 

SECTION 13-800. COMMUNICATION CIRCUITS 

Order 13-8001. Scope. 
. The provisions of this section shall apply to telephone, telegraph 
(except radio), district messenger, fire and burglar alarms, and simi
lar central station systems. Circuits and apparatus coming within the 
scope of this section and installed in Class I hazardous locations, shall 
comply with Order 13-5024 of Section 13-500. 

Such protective measures as are essential to safeguard these systems 
under the various conditions to which they are subjected are outlined 
in these rules. 

PROTECTION 

Order 13-8011. Protective Devices. 
A protector approved for the purpose shall be provided on each cir

cuit, aerial or underground, so located within the block containing the 
building served as to be liable to accidental contact with light or power 
conductors operating at a potential exceeding 300 volts, and on each 
circuit run partly or entirely in aerial wire or cable not confined 
within a block. 

The word "block" as used in this section shall be construed to mean 
a square or portion of a city, town, or village enclosed by streets and 
including the alleys so enclosed but not any street. 

A. Location. The protector shall be located in or on the building 
as near as practicable to the point where the conductors enter. In the 
(lase 0f an underground entrance the protector may be located at the 
junction of the underground and the aerial wires. 

B. Hazardous Locations. The protector shall not be located in any 
hazardous location as defined in Section 13-500, nor in the vicinity of 
easily ignitible material. 

C, Protector Requirements. The protector shall be mounted on a 
non-combustible, non-absorptive insulating base and shall consist of 
an arrester between each line conductor and the ground, and a fuse in 
each line conductor, the fuses protecting the arrester except as speci
fled in paragraph D. The protector terminals shall be plainly marked 
to indicate line, instrument, and ground. 

D. MMal Sheathed Cable. Fuses protecting the arrester may be 
omitted on circuits entering a building through metal sheathed cable, 
pl'ovided the metal sheath of the cable is grounded and the conductors 
In the cable are No. 24 or smaller. 

Order 13-8012. Installation of Conductors. 
Conductors from the protector to the equipment or, where no pro

tector is required, conductors attached to the outside of, or inside, the 
building shall comply with the following: 
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A. oepamtion fi'1'om Other Conductors. Conductors shall be sep
arated from conductors of electric light and power circuits as follows: 

1. Open Conductors. Conductors shall be separated at least 2 
inches from any light or power conductors ·not in metallic raceways 
or metal sheathed cable unless permanently separated from the con
ductors of the other system by a continuous and firmly fixed non
conductor, additional to the insulation on the wire, such as porcelain 
tubes or flexible tubing. 

2. In RacewaYR and Boxes. Communication conductors shall not 
be placed in any raceway, compartment, outlet box, junction box 01' 

similar fitting with conductors for light and power circuits or Class I 
signal and control circuits unless the conductors of the different" sys
tems are separated by a partition; pl'ovided, that this shall not apply 
to. conductors in outlet boxes, junction boxes or similar fittings 01' 

compartments where such conductors are introduced solely for powel' 
supply to communication equipment or for connection to remote
control equipment. 

3. In Shafts. Conductors may be run in the same shaft with con
ductors for light and power· if the conductors of the two systems ar61 
separated at least 2 inches, or if the conductors of either system are 
encased in non-combustible tubing. 

B. Vertical Runs. Conductors bunched together in a vertical run 
in a shaft shall have a fire-resistant covering capable of preventing 
the carrying of fire from floor to floor, except where conductors are 
encased in non-combustibJe tubing or are located in a fireproof shaft 
having fire stops at each floor. 

The conduclors referred to in this order would ordinarily be inSUlated 
lJut the kind of insulation is not specified as reliance is placed on the 
protective deVice to stop all dangerous voltages and currents. 

'C. Neatly A1·mnged. Conductors shall be neatly arranged and shall 
be secured in place in a workmanlike manner. 

OUTSIDE CONDUCTORS 

Ol'der 13-8021. Overhead Conductors. 
Overhead conductors entering buildings shall comply with the 

following: 
A. On Poles. Where the communication conductors and light or 

power conductors are supported by the same pole, the following con
ditions shall be met: 

1. Relative Location. The conductors should preferably be located 
below the light 01' power conductors. 

2. Attachment to Cross Arms. Conductors shall not be attached 
to a crossarm which carries light or power conductors. 

3. Climbing Space. The climbing space through signal conduc
tors shall comply with the requirements of Part 2 Volume 1 and 
Order 13-7322. 

B. On R()of.~. Conductors passing over building'S shall be kept at 
](,;u;t 8 feet above any roof which may be readily walked upon, except 
~lllal1 auxiliary buildingH Ruch :111 garag~s and the like. 
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C. Ci1'cuits Requi1'ing P1'otectors. Circuits which require protectol'S 
(see Order 13-8011) shall comply with the following: 

1. Insulation, Single 01' Paired Conductors. Each conductor, from 
the last outdoor support to the protector, shall have i2-inch rubber 
insulation, except that when such conductors are entirely within a 
block the insulation on the conductor may be less than ill-inch, but 
not less than 1/40-inch in thickness. In addition, the conductor, either 
individually or over the pair, shall be covered with a substantial 
fibrous covering or equivalent protection. Conductors approved for 
the purpose having rubber insulation of a thickness less than speci
fied above, or having other kinds of insulation may be used. 

2. Insulation, Cables. Conductors within a cable of the metal
sheathed type, or within a cable having a rubber sheath of at least 
i2-inch thickness and covered with a substantial fibrous covering, may 
have paper or other suitable insulation. If the metal or rubber sheath 
is omitted, each conductor shall be insulated as required in sub
paragraph C-l of this order, and the bunched conductors shall be 
covered with a substantial fibrous covering or equivalent covering. 

3. On Buildings. Open conductors shall be separated at least 4 
inches from light or power conductors not in conduit or cable, unless 
permanently separated from conductors of the other system by a con
tinuous and firmly fixed non-conductor additional to the insulation on 
the wires, such as porcelain tubes or flexible tubing, Open conductors 
exposed to accidental contact with light or power conductors operating 
at over 300 volts, and attached to buildings, shall be separated from 
woodwork by being supported on glass, porcelain or other inSUlating 
material approved for the purpose. 

4. Entering Buildings. Except when a protector is installed on 
the outside of the building, or the entering conductors are in a cable 
or pass through masonry, the conductors shall enter the building 
either through non-combustible, non-absorptive inSUlating bushings, 
or throllgh a metal raceway. Raceways or bushings shall slope up
ward from the outside or where this cannot be done, drip loops shall 
be formed in the conductors immediately before they enter the build
ing. Raceways shall be equipped with an approved service head, More 
than one conductor may enter through a single raceway or bushing. 
Conduits or other metallic raceways located ahead of the protector 
shall be grounded. 

Order 13-8022, Lightning Conductors. 
When practicable, a separation of at least six feet shall be main

tained between open conductors of communication systems on build-
ings and lightning conductors. ' 

UNDERGROUND CIRCUITS 

Order 13-8031. Underground Circuits. 
Underground conductors of signal and control circuits entering 

buildings shall comply with the following: 
A. Not With Electric IAght 01' POWe?' Cond1wtors. Underground 

conductors shall nol be placed in a ducl, handhole, 01' ll1allhole COI1-
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taining electric light 01' power conductors, except in a ilection flcpa
rated from such conductors by means of brick, concrete, or tile 
partitions. 

B. Unde?'g?'OlWd Block Dist?'ibution. Wher~ the entire street cir
cuit is run underground and the circuit within the block is so placed 
as to 'be free from liability of accidental contact with electric light 01' 

power circuits of over 300 volts, the insulation requirements of sub
paragraphs C-1 and C-4 of Order 13-8021 shall not apply, the con
ductors need not be placed on inSUlating supports and no bushings 
shall be required where the conductors enter the building. 

GROUNDING 

Order 13-8041. Grounding. 
Equipment shall be grounded as follows: 
A. Cable Sheath. The metal sheath of aerial cables entering build

ings and which are liable to contact with electric light or power con
ductors shall be grounded or shall be interrupted close to the entrance 
to the building by an insulating joint or equivalent device .. 

B. Protector G?·ound. The protector ground shall comply with the 
following: 

1. Insulation. The grounding conductor shall have a ll\ inch 
rubber insulation and shall be covered by a substantial fibrous cover
ing. Conductors approved for the purpose having less than ll\ inch 
rubber insulation or having other kinds of insulation may be used. 

2. Size. The grounding conductor shall not be smaller than No. 
18 copper. 

3. Run in Straight Line. The grounding conductor shall be run 
in as straight a line as practicable to the grounding electrode. 

4. Mechanical Injury. Where necessary, the grounding conductor 
shall be guarded from mechanical injury. 

5. Electrode. The grounding conductor shall preferably be con
nected to a water pipe electrode. In the absence of a water pipe, con
nection may be made to a continuous and extensive underground gas 
piping system, to an effectively grounded metallic structure, or to a 
ground rod or pipe driven into permanently damp earth. Steam or hot 
water pipes, or lightning rod conductors shall not be employed as 
electrodes for protectors. A driven rod or pipe used for grounding 
power circuits shall not be used for grounding communication circuits 
unless the driven rod or pipe is connected to the grounded conductor 
of a multi-grounded neutral power system. The requirements for sepa
rate made electrodes for power and lighting system grounds, those 
for communication systems, and those for a lightning rod installation 
shall not prohibit the bonding together of all such made electrodes. 
See Order 13-2586. 

6. Electrode Connection. The grounding conductor shall bc at
tached to a pipe electrode by means of a bolted clamp to which tho 
conductor is soldered 01' otherwise connected ill an effective manner. 
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If a gas pipe electrode is used, connection shall be made between the 
gas meter and the "street main. In every case the connection to the 
grounding electrode shall be made as close to· the earth as practicable. 

RECTION 13-810. RADIO EQUIPMENT 

Ordel' I :3-8101. Scope. 

This section shall apply to radio and television receiving equipment 
and to amateur radio transmitting equipment, but shall not apply to 
equipment and antennas used for coupling carrier current to power 
line conductors, 01' to police 01' emergency radio systems. 

Il i>! recolUlIIended lhat the authority ellfol'~illg tlli>! code be freel~' 
consulted as to the specific method~ to h" follnwpd In any case of doubt. 
relative to installation of antenna and ~ounterpoise conductors and 
that the National Electrical Safety Code, Part 5, be followed. 

Such additional requirements applying Lo outside lin€' conductnl'~ a'; 
are found in Part 2, Vol. 1 of the code must be observed. 

Order ·13-8102. Application of Other Sections. 
Wiring from the source of power to and between devices connected 

to the interior wiring system shall comply with Chapters 1 to 6, in
clusive, except as modified by Orders 13-6403, 1:3-6404, and 13-6405. 
Wiring for radio-frequency and audio-frequency equipment and loud 
speakers shall comply with Section 13-640. 

ANTENNA SYSTEMS-GENERAL 

Order 13-8111. Material. 
Antenna, counter-poise and lead-in conductors shall be of hard 

drawn copper, bronze, aluminum alloy, copper-clad steel or other high 
strength, corrosion resistant material. Soft drawn or medium drawn 
copper may be used for lead-in conductors where the maximum span 
between points of support is less than 35 feet. 

Order 13-8112. Supports. 
Outdoor antenna and counter-poise and lead-in conductors shall be 

securely supported. They shall not be attached to poles or similal' 
structures carrying electric light or power wires or trolley wires of 
more than 250 volts. Insulators supporting the antenna or counter
poise conductors shall have sufficient mechanical strength to safely 
support the conductors. Lead-in conductors shall be securely attached 
to the antenna. 

In calculating the size of antenna supports located on buildings or 
where they may fall on buildings, powel' lines, communication or sig
nal lines the wind pressure shall be taken as 20 Ibs. pel' squal'e foot 
on the exposed lattice area on one face. In the case of isolated an
tenna supports a wind pressure of 6 Ibs, per square foot of lattice 
area on one face shall be used. A factor of safety of 2.5 shall be 
m;pd. Sb'engths of single or l'estricted base supported antennas may 
hq me\. by guying". 
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Order 13-8113. Avoidance of Contacts with Conductors of Other 
Systems. 

Outdoor antenna, counter-poise and lead-in conductors from an an
tenna to a building shall not cross over electric light or power circuits 
and shall be kept well away from all such circuits so as to avoid the 
possibility of accidental contact. Where proximity to electric light and 
power service conductors of less than 250 volts cannot be avoided, the 
installation shall be such as to provide a clearance of at least two 
feet. It is recommended that antenna and counter-poise conductors be 
so installed as not to cross under electric light or power conductors. 

Order 13-8114. Splices. 
Splices and joints in antenna and counter-poise span shall be made 

with approved splicing devices or by such other means as will not 
appreciably weaken the conductors. 

Holdering may ordinarily be expected to weaken the conductor. There
fore. when soldering is employed it f\hould be independent of the 
llle~hanical support. 

Order 13-8115. Structures. 
Metal structures supporting antennas shall be permanently anll 

effectively grounded. See Order 13-2592. 

ANTENNA SYSTEMS-RECEIVING STATION 

Order 13-8121. Size of Wire-Strung Antenna and Counter-poise. 
A. Outdoor antenna and counter-poise conductors for receiving 

stations shall be of a size not less than given in the following table: 

Material 
Aluminum alloy. hard-drawn copper ______________ _ 
Copper-clad steel, bronze or other high strength 

materiaL ___________________________________ _ 

l Minimum Size-of Conductors when 
Maximum Open Span Length Is 

Less than 35 feet to Over 
35 feet 150 feet 150 feet 

19 14 12 

20 17 14 

For very long span lengths larger conductors will be required, depending on the length of 
the span and the ice and wind loading. 

B. Self-Supporting Antennas. Outdoor antennas, such as vertical 
rods or dipole structures, shall be of non-corrodible materials and of 
strength suitable to withstand ice and wind loading conditions. 

C. Loading. A wind loading of 20 pounds per square foot on the 
projected area and a factor of safety of 2.5 shall be used in calculat
ing antenna support sizes. 

Order 1.3-8122. Size of Lead-In. 
Lead-in conductors from outside antenna, and counter-poise for re

ceiving stations, shall, for various maximum open span lengths, be of 
such size as to have a tensile strength at least as great as that of the 
conductors for antenna as specified in Order 13-8121. When the lead-in 
consists of two or more conductors which are twisted together or are 
enclosed in the same covering or are concentric, the conductor size 
shall, for various maximum open span lengths, be such that the tensile 
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strength of the combination will be at least as great as that of the 
conductors for antenna as specified in Order 13-8121. 

Order 13-8123. Clearances. 

A. On Buildings Outside. Lead-in conductors attached to buildings 
shall be so installed that they cannot swing closer than two feet to 
the conductors of circuits of 250 volts or less or ten feet to the con
ductors of circuits of more than 250 volts, except that in the case of 
circuits not exceeding 150 volts, if all conductors involved are sup
ported so as to insure permanent separation, the clearance may be 
reduced but shall not be less than foul' inches. The clearance between 
lead-in conductors and any conductor forming a part of a lightning 
rod system shall be not less than six feet unless the bonding referred 
to in Order 13-2586 is accomplished. 

B. Antennas and Lead-Ins-Indo01's. Indoor antennas and indoor 
lead-ins shall not be run nearer than two inches to conductors of 
other wiring systems in the premises unless 

(1) such other conductors are in metal raceways or cable armor, or 
(2) unless permanently separated from such other conductors by a 

continuous and firmly fixed non-conductor such as porcelain tubes 
or flexible tubing. 

Order 13-8124. Electric Supply Circuits Used in Lieu of Antenna. 
If an electric supply circuit is used in Heu of an antenna, the device 

by which the radio receiving set is connected to t.he supply circuit 
shall be specially approved for the purpose, 

ANTENNA SYSTEM-TRANSMITTING STATIONS 

Ordet' 13-8131. Size of Antenna. 
Antenna and counter-poise conductors for transmitting station shall 

be of a size not less than given in the following table: 

Minimum Size 01 Conductors 
When Maximum Open Span 

Length 10 
Material Less than Over 

150 leet 150 leet 
Hard-drawn copper _____________________ .. ________________ 14 10 
Copper-clad steel, bronze or other high strength materiaL__ _ _ 14 12 

For very long span length larger conductors will be required, depending on the span length 
and the ice and wind loading, 

Ot'der 13-8132. Size of Lead-In Conductors. 
Lead-in conductors for transmitting stations shall, for variom; 

maximum span lengths, be of a size at least as great as that of con
ductors for antenna as specified in Order 13-8131. 

Order 13-8133. Clearance on Building. 
Antenna and counter-poise conductors for transmitting stations, 

attached to buildings, shall be firmly mounted at least 3 inches clear 
of the surface of the building on non-absorptive insulating supports, 
/-lUch as treated pins or brackets, equipped with insulators having 
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not less than 3-inch creep'age and air-gap distances. Lead-in conduc
tors attached to buildings shall also conform to these requirements, 
except when they are enclosed in a continuous metallic shield which 
is permanently and effectively grounded. In this latter case the 
metallic shield may also be used as a conductor. 

Order 13-8134. Entrance to Building. 
Except where protected with a continuous metallic shield which is 

permanently and effectively grounded, lead-in conductors foX' transmit
ting stations shall enter buildings by one of the following methods: 

A. Through a rigid, non-combustible, non-absorptive insulating 
tube or bushing. 

B. Through an opening provided for the purpose in which the 
entrance conductors are firmly secured so as to provide a clearance of 
at least 2 inches. 

C. Through a drilled window pane. 

Order 13-8135. Protection Against Accidental Contact. 
Lead-in conductors to radio transmitters shall be so located or in

stalled as to make accidental contact with them difficult. 

PROTECTORS 

Order 13-8141. Lightning Arresters-Receiving Stations. 
Each conductor of a lead-in from an outdoor antenna shall be pro

vided with a lightning arrester approved for the purpose, except 
that if the lead-in conductors are enclosed in a continuous metallic 
shield the lightning arrester may be installed to protect the shield 
or may be omitted if th~ shield is permanently and effectively 
grounded. Lightning arresters shall be located outside the building, 
or inside the building between the point of entrance of the lead-in 
and the radio set or transformers, and as neal' as practicable to the 
entrance of the conductors to the building. The lightning arrester 
shall not be located neal' combustible material nor in a hazardous 
location. 

Order 13-8142. Lightning Arresters-Transmitting Stations. 
Except wher~ protected by a continuous metallic shield which is 

permanently and effectively grounded, 01' the antenna is permanently 
and effectively grounded, each conductor of a lead-in for outdoor 
antenna shall be provided with a lightning al'l'ester or other suitable 
means which will drain static charges from the antenna system. 

GROUNDING CONDUCTORS-GENERAL 

Order 13-8151. Material. 
The grounding conductor shall, unless otherwise specified, be of 

copper, copper-clad steel, aluminum, bronze, or other corrosion
resistant material. 
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Order 13-8152. Insulation. 
The grounding conductors may be uninsulated. 

Order 13-8153. Supports. 
The grounding conductors shall be securely fastened in place and 

may be directly attached to the surface wired over without the use 
of insulating supports. 

Order 13-8154. Mechani<cal Protection. 
The grounding conductor shall be protected where exposed to 

mechanical injury. 

Order 13-8155. Run in Straight Line. 
The grounding conductor shall be run in as s~raight a line as pos

sible from the antenna mast and/or lightning arrester to the ground
ing electrode. 

Order 13-8156. Ground Electrode. 
The grounding conductor shall be connected to a grounding electrode 

as specified in Orders 13-2581 and 13-2583 of Section 13-250. 

GROUNDING CONDUCTORS-RECEIVING STATIONS 

Order 13-8161. Inside 01' Outside Building. 
The grounding conductor may be run either inside or outside the 

building. 

Order 13-8162. Size of Protective Ground. 
The protective grounding conductor for receiving stations shall be 

not smaller than No. 14 copper, No. 12 aluminum or No. 17 copper 
clad steel or bronze, provided that where wholly inside the building it 
shall not be smaller than No. 18. 

Order 13-8163. Common Ground. 
A single grounding conductor Play be used for both protective and 

operating purposes. 
If a single conductor is so used, the ground terminal of the equipment 

should be connected to the ground terminal of the protective device. 

GROUNDING CONDUCTORS-TRANSMiTTING STATIONS 

Order 13-8171. Size of Protective Ground. 
The protective ground conductor for transmitting stations shall be 

as large as the lead-in, but not smaller than No. 14 copper, bronze, or 
copper-clad steel. 

Order 13-8172. Size of Operating Grounding Conductor. 
The operating grounding conductor for transmitting stations shall 

be not less than No. 14 copper or its equivalent. 
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INTERIOR INSTALLATION-GENERAL 

Ordel' ,13-8181. Radio Noise Suppressors. 
Radio interference eliminators, interference capacitors 01' radio 

nois~ suppressors connected to power supply leads s.hall be of a type 
approved for the purpose. They shall not be exposed to mechanical 
injury. 

TRANSMITTING STATIONS 

Order 13-8191. Clearance from Other Conductors. 
Except as provided in Section 13-640, all conductors insipe the build

ing shall be separated at least 4 inches from the conductor of any 
other light or signal circuit unless separated therefrom by conduit or 
some firmly fixed non-conductor such as porcelain tubes 01' flexible 
tubing. 

Order 13-8192. General. 
Transmitters shall comply with the following: 
A. Enclosing. The transmitter shall be enclosed in a metal frame 

or grille, or separated from the operating space by a barrier or other 
equivalent means, all metallic parts of which are effectually connected 
to ground. 

B. Grounding of Controls. All external metallic handles and con
trols access~ble to the operating personnel shall be effectually 
grounded. 

No circuit in excess of 150 volts 'should have allY parts exposed to 
direct contact. A complete deadfront type of switchboard is preferred. 

C. Interlocks on Doors. All access doors shall be provided with in- \ 
terlocks which will disconnect all voltages in excess of 350 volts when 
any access door is opened. 

D. Audio-Amplifiers. Audio-amplifiers which are located outside the 
transmitter housing shall be suitably housed and shall be so located 
as to be readily accessible and adequately ventilated. 
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Chapter 9. Consh'uction Specifications 

This chapter of the code describes the general characteristics of fit
tings, materials, and devices of the types commonly employed in installa
tions for which provisions are given in other chapters of this code. It Is 
intended as a guide to the classification and identification of types. Such 
details of construction as are included in this chapter are given .as de
scriptive information and not as a complete basis for judgment of 
devices or materials. 

The order numbers of this chapter are derived from the chapter num
ber, the section number -to which the order refers, and a serial number. 
In the order number 13-92401, the prefix (13) indicates Part 3; the figure 
(9) indicates the chapter number; the next three figures (240), indicates 
that the section refers to Section 13-240, Overcurrent Protection; and 
the last number (1), that this is the first item in this series. Cross refer
ences are therefore omitted as the group of three digits following the 
figure 9 indicates the section referred to. 

CARTRIDGE FUSES AND FUSEHOLDERS 

Order 13-92401. Dimensions. 
Cartridge fuses and fuseholders shall conform to the dimensions 

shown in Table 34 of Chapter 10. 

Order ,13-92402. Terminals. 
The terminals of standard cartridge fuses and fuseholders shall be 

of the ferrule type for· ratings of 0-60 amperes, and of the knife-blade 
type for ratings of 61-600 amperes. 

Order 13-92403. Marking. 
Fuses shall be plainly marked with the ampere rating and the name 

or trade-mal'k of the maker, and the voltage for which the fuse is de
signed shall be provided on a paper label which shall be navy blue for 
250-volt fuses rated at 15 amperes or less, green for 250-volt fuses 
rated at more than 15 amperes, and red for 600-volt fuses. 

LINK FUSES AND FUSEHOLDERS 

Order 13~92405. Dimensions. 
Link fuses and fuseholders shall have the following dimensions in 

inches: 

Amperea Capacity 
Not over 125 volts-601-1500 _________________________ _ 
Not over 250 volts-601-1500 _________________________ _ 

Minimum Separation 
of Neareat Metal 
Parts of Opposite 

Polarity 
1~ 
2;14 

Minimum 
Break 

Distance 
1~ 
2 

For 3-wire systems, link fuses, and fuseholders shall have the break 
distance required for circuits of the potential of the outside wires, 
except that in 125-250-volt systems with grounded neutral the fuses 
and fuseholders in 2-wire, 125-volt branch circuits may have the spac
ing specified fur not over 125 volts. 
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Order 13-92406. Spacing. 
A space shall be maintained between the fuse terminals of link 

fuses of the same polarity of at least lh inch for voltages up to 125, 
and of at least %, inch for voltages from 126 to 250. This is the mini- , 
mum distance allowable and greater separation shall be provided if 
practicable. 

Order 13-92407. Marking. 
Link fuses shall be stamped with 80 per cent of the maximum cur

rent which they can carry indefinitely. 

Ol'del' 13-92408. Material. 
Contact surfaces or tops of link fuses shall be of copper 01' aluminum 

having good electrical connections with the fusible part of the strip. 

CONDUCTORS 

Order 13-93101. General. 

Insulated conductors shall conform to the following: 

A. Marking. Wires, cables and cords of all kinds except weather
proof and paper-insulated wire shall have a continuous distinctive 
marking so that their maker may be readily identified. All wires, 
cables and cords shall also be plainly tagged or marked as follows: 

1. The maximum working voltage for which the wire was tested 
or approved. This may be omitted for slow-burning, slow-burning 
weatherproof, weatherproof and asbestos-covered switchboard wires. 

2. Name of the manufacturing company, and if desired, trade 
name of the wire. 

3. Month and year when manufactured. This may be omitted for 
slow-burning, slow-bul'lling weatherproof, and weatherproof wires. 

4. The propel' type letter for the particular style of wire or cable 
as given in the following sections. 

B. Identification of Insulation. All rubber-insulated, fibrous-covered 
conductors and all thermoplastic-insulated conductors, No. 14 and 
larger, shall have a readily identifiable permanent marking to indi
cate the grade of insulation; except that single-conductor, code-rubber 
insulated, fibrous-covered conductors having a lead sheath; and multi.
conductor cables, armored cable, and non-metallic-sheathed cable hav
ing code-rubber or non-moisture-l'esistant thermoplastic-insulated con
ductors, need not be so marked. 

C. Classification. In addition to the type letters specified in the 
table in paragraph E of this order, the following letters shall apply: 

1. A type letter 01' letters used alone indicates a single insulated 
conductor. 

2. D. The Letter "D" used as a suffix indicates a twin wire with 
two insulated conductors laid parallel under an outer fibrous covering. 

3. M. The letter "M" used as a suffix indicates an assembly of 
two or more insulated c·onductoJ'fl twiHted togethe)' uncle!' an outer 
fibl'ouS covering. 



282 VOLUME 2-0RDER 13-93101 

4. L. The letter "L" used as a suffix indicates an outer covering 
of lead. 

5. Voltage. Type letters, when used alone, indicate conductors for 
use at not more than 600 volts. Conductors for use at higher voltages 
shall be indicated by adding numerical suffixes to the type letters as 
follows: 

10-for use at not more than 1000 volts. 
20-for use at not more than 2000 volts. 
:lO-for use at not more than 3000 volts. 
40-for use at not more than 4000 volts. 
GO-for use at not more than 5000 volts. 

The working voltages referred to in the tables are the operating 
voltages between phases of single and two-phase systems, and three

. ph'ase systems with grounded or ungrounded neutral. 

6. Label. All standard conductors shall be examined and tested 
at the factory and, if approved, shall be labeled before shipment. 

D. Identified Conductors. Single insulated conductors of No. 6 or 
smaller, intended for use as identified conductors of circuits, except 
conductors of the weatherproof type (Types WP and SBW), shall have 
an outer identification of a white or natural gray color. Twin and 
twisted-pair conductors and three-conductor cables shall have one con
ductor, and four-conductor cables shall have at least one conductor 
identified in this manner. 

Wires having their outer covering finished to show a white or natural 
gray color but having colored tracer threads in the braid, identifying 
the source of manufacture, are considered as meeting the provisions 
of this paragraph. 

1. Single conductors, intended for use as unidentified conductors, 
and conductors other than the identified conductor in multi-conductor 
cables, shall be finished to show a color or combination of colors other 
than, and contrasting with, white or natural gray. For identification 
requirements for conductors larger than No.6 see sub-paragraph B 
of Order 13-2005. 

E. Conductor Const~'1tCtion. Insulated conductors for use at 600 
volts 01' less shall confonTI to the provisi.ons of the following tables: 



CONDUCTOR INSULATIONS 

Trade Name 
Type 

Letter Insulation Thicknesa of Insulation Outer Covering 

Rubber-Covered Fixture Wire- RF-64 Code Rubber 
Solid or Stranded 

18 _______________________ 1/64 Inch Cotton 

RF-32 Code Rubber 18--16 ____________________ 2/64 Inch Cotton 

Rubber-Covered Fixture Wire-- FF-64 Code Rubber 
Flexible Stranding 

18 _______________________ 1/64 Inch Cotton or Rayon 

FF-32 Code Rubber 18-16 ____________________ 2/64 Inch Cotton or Rayon 

Latex Rubber Fixture Wire- 90%Unmilled 
Solid or Stranded RUF Grainles Rubber 

Moisture-resistant. flame-retardant, 
18-16 ______________________ 18 Mils non-metallic covering 

Flexible Stranding 
90% Unmilled' 

RUFF Grainlesa Rubber 
Moisture-resistant, 1lame-retardaut, 

18-16 ______________________ 18 Mils non-metallic covering 

Thermoplastic-Covered Fixture Wire-
Solid or Stranded TF Thermoplastic 18-16 ____________________ 2/64 Inch None 

Thermoplastic-Covered Fixture Wire-
Flexible Stranding TFF Thermoplastic 18-16 ____________________ 2/64 Inch None 

Cotton-Covered, Heat-Resistant, 
Fixture WIre CF Impregnated Cotton 18-14 ____________________ 2/64 Inch None 

Asbestos-Covered, Heat-Resistant, 
Fixture Wire AF Impregnated Asbestos 18-14 ____________________ 2/64 Inch None 

Code R Code Rubber 
14-12 ___________________ 2/64 Inch 
10 _______________________ 3/64 Inch Moisture-resistant, Bame-retardant, 
8-2 ______________________ 4/64 Inch non-metallic covering 
1-4/0 ____________________ 5/64 Inch 
218-500 __________________ 6/64 Inch 
501-1000 ________________ 5/64 Inch 
1001-2000 ________________ 8/64 Inch 



Trade Name 

Heat-Resistant 

Moisture-Resistant 

Latex Rubber 

Thermoplastic 

Moisture-Resistant Thermoplastic 

Type 
Letter 

RH 

RW 

RU 

RUW 

T 

TW 

Insulation 

Heat-Resistant Rubber 

Moisture-Resistant 
Rubber 

90% Unmilled, 
Grainless Rubber 

Thickness of Insulation 

14-12 ____________________ 2/64 Inch 
10 _______________________ 3/64 Inch 
8-2 _____________________ -4/64 Inch 
1-4/0 ____________________ 5/64 Inch 
213-500 __________________ 6/64 Inch 
501-1000 _________________ 7/64 Inch 
1001-2000 ________________ 8/64 Inch 

14-10 ____________________ 3/64 Inch 
8-2 _____________________ -4/64 Inch 
1-4/0 ____________________ 5/64 Inch 
213-500 __________________ 6/64 Inch 
501-1000 _________________ 7/64 Inch 
1001-2000 ________________ 8/64 Inch 

Outer Covering 

Moisture-resistant; flame-retardant. 
non-metallic covering 

Moisture-resistant, flame-retardant, 
non-metallic covering 

14-10 ______________________ 18 Mils Moisture-resistant, flame-retardant, 
8-2 ________________________ 25 Mils non-metallic covering 

90% Unmilled. 14-10 ______________________ 18 Mils Moisture-resistant, flame-retardant, 
Grainless Rubber 8-2 ________________________ 25 Mils non-metallic covering 

14-10 ____________________ 2/64 Inch 
8 ________________________ 3/64 Inch 
6-2 _____________________ -4/64 Inch 

Flame-Retardant, 1-4/0 ____________________ 5/64 Inch None 
Thermoplastic Compound 213-500 __________________ 6/64 Inch 

Flame-Retardant, 
Moisture-Resistant 
Thermoplastic 

501-1000 _________________ 7/64 Inch 
1001-2000 ________________ 8/64 Inch 

14-10 ____________________ 2/64 Inch 
8 ________________________ 3/64 Inch 
6-2 _____________________ -4/64 Inch 
1-4/0 ____________________ 5/64 Inch None 
213-500 __________________ 6/64 Inch 
501-1000 _________________ 7/64 Inch 
1001-2000 ________________ 8/64 Inch 

<: 
c 
2. 



Trade Name 

Thermoplastic and Asbestos 

Varnished Cambric 

Asbestos and Varnished Cambric 

Asbestos and Varnished Cambric 

Asbestos 

Type 
Letter 

TA 

v 

AVA 
and 

AVL 

AYB 

A 

Insulation 

Thermoplastic and 
Asbestos 

Varnished Cambric 

Impregnated Asbestos 
and Varnished Cambric 

Impregnated Asbestos 
and Varnished Cambric 

Asbestos 

Thickness of Insulation 

Th'pl'. 
14-8 _____________ 20 Mils 

Asb. 
2Q Mils 

Outer Covering 

6-2 ______________ 30 Mils 
1-4/0 ___________ AO Mils 

25 Mils Flame-retardant, cotton braid 
30 Mils 

14-8 _____________________ 3/64 Inch 
6-2 _____________________ A/64 Inch 
1-4/0 ____________________ 5/64 Inch Non-metallic covering or lead sheath. 
213-500 __________________ 6/64 Inch 
501-1000 _________________ 7/64 Inch 
1001-2000 ________________ 8/64 Inch 

(Dimensions in Mils) 
AVA AVL 

VC Asb. Asb. 
14-8 (solid only). _ 30 20 25 AVA-asbestos braid 

1st 
Asb. 

14-8_______ 10 
6-2________ 15 
1-4/0______ 20 
213-500.___ 25 
501-1000___ 30 
1001-2000__ 30 

AVA 
2nd 

VC Asb. 
30 15 
30 20 
30 30 
40 40 
40 40 
50 50 

VC 18-8 ___________________ 30 
6-2____________________ 40 
1-4/0__________________ 40 

Asb. VC 
14-8_____________ 10 30 
6-2______________ 15 30 
1-4/0____________ 20 30 
213-500__________ 25 40 
501-1000_________ 30 40 
1001-2000________ 30 50 

AVL 
2nd 
Asb. 

25 
25 
30 
40 
40 
50 

Asb. 
30 
30 
40 

2nd. 
Asb. 

15 
20 
30 
40 
40 
50 

A VI.-asbestos braid and lead sheath 

Flame-retardant, cotton braid 
(switchboard wiring) 

Flame-retardant, cotton braid 

14 _________________________ 30 Mils Without asbestos braid 
12-8 ______________________ AO Mils 



Trade Name 

Asbestos 

Type 
Letter 

AA 

Insulation 

Asbestos 

Thickness of Insulation Outer Covering 

14 _________________________ 30 Mils 
12-8 _______________________ 30 Mils With asbestos braid 
6-2 _______________________ AO Mils 
1-4/0 ______________________ 60 Mils 

-------------------------------------------------1-------------------------1-------------------------
Asbestos AI 

Asbestos AIA 

Paper 

Slow Burning SB 

Slow-Burning Weatherproof SBW 

Weatherproof WP 

Impregnated Asbestos 

Impregnated Asbestos 

Paper 

3 Braids Impregnated 
Fire Retardant, Cotton 
Thread 

2 Layers Impregnated 
Cotton Thread 

At least three 
Impregnated Cotton 
Braids or Equivalent 

14 _________________________ 30 Mils Without asbestos braid 
12-8 _____________________ _ AO Mils 

Sol. Str. 
14 _______________ 30 Mils 30 Mils 
12-8 _____________ 30 Mils 40 Mils 
6-2 _____________ -40 Mils 60 Mils With asbestos braid 
1-4/0 ____________ 60 Mils 75 Mils 
213-500 ____________________ 90 Mils 
501-1000 __________________ 105 Mils 

Lead sheath 

14-10 ____________________ 3/64 Inch 
8-2 __________________ ___ A/64 Inch 
1-4/0 ____________________ 5/64 Inch Outer cover finished smooth and hard 
213-500 __________________ 6/64 Inch 
501-1000 _________________ 7/64 Inch 
1001-2000 ________________ 8/64 Inch 

14-10 ____________________ 3/64 Inch 
8-2 ___________________ __ A/64 Inch 
1-4/0 ____________________ 5/64 Inch Outer fire-retardant coating 
213-500 __________________ 6/64 Inch 
501-1000 __________ . ______ 7/64 Inch 
1001-2000 ________________ 8/64 Inch 

The fibrous covering over individual rubber-covered conductors of lead-sheathed or multiple-conductor cable is not required to be flame retardant. For armored 
cable, see order 13-93341. For non-metallic-sheathed cable, see order 13-93361. 
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F. Insulation Thickness-Over UOO Volts, The thickness of insula
tion flor oonductors for use at over 600 volts shall conform to the 
following: 

Thicknesses of Rubber Insulation for Rubber-Covered Wires and 
Cables, in 64ths of an Inch 

Conductor Size ClussWeuUotl 
Awg or MCM RIO R20 R30 R40 R50 

14-8 4 5 7 9 10 
6-2 5 6 8 9 10 
1-4/0 6 7 8 9 10 

213-500 7 8 9 10 11 
501-1000 8 9 e 10 11 

1001-2000 9 9 10 11 12 

ThicImesses of Varnished-Cambric Insulation for Single-Conductor 
Cable, in 64ths of an Inch 

Conductor Size For Voltages Not E:xceeding 
AWl{ or MCM 1000 2000 3000 4000 5000 

14 4 
12 4 5 
!() 4 5 6 

8-2 4 5 6 7 9 
1-4/0 5 6 6 7 9 

213-500 6 6 7 8 10 
501-1000 7 7 7 8 10 

1001-2000 8 8 8 9 10 

Thicknesses of Varnished-Cambric Insulation for Multiple-Conductol' 
Cable, in 64ths of an Inch 

Conduetor Size For Voltages Not Exceeding' 
Awg or M(;M 1000 2000 3000 4000 5000 

C B C B C B C B C B 
14 4 0 
12 4 0 5 0 

[; 2 10 4 0 5 a 
ii 4 8-2 4 0 5 a 5 2 6 6 

1-4/0 [, 0 6 a 6 2 6 3 6 4 
213-500 6 0 6 0 6 2 6 3 7 4 
501-1000 6 2 6 2 6 3 6 4 7 4 

100) -2000 7 2 7 2 7 3 7 4 7 5 

The thickness given in columns headed He" are for the insulation on the individual con
ductors. Those given in the e.olumns headed "B" !Ire lor the thickness 01 the overall belt 01 
insulation. 

Thiclmess of Asbestos and Val'llished-Cambric Insulation for Single
Conductor Cable, Types A VA, A VB, and A VL, in Mils 

1st Wall 
AslH~stos 

(~(>ndu(!lor 

AWG 0" 
MCM 

10UO -5000 1000 

14-2 15 4f) 
1-4/0 ~O 4fl 

213-500 ~fj 45 
,,01-1000 :lO 4G 

1001--2000 :10 fiG 

Val'nished Cambrk 
2nd Wall 
Asbestos 

~-.-- -_._ .. -.~- .-.-.-.----.~ .. _------_.-
F'ol' Voltages Not Exceeding 

_. ----_._--
20110 SOOO 4000 5000 1000 -5000 

60 80 100 120 ~G 
fjO HO 100 120 30 
60 HO 100 120 40 
60 HO 100 120 40 
7G 95 115 140 50 
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ARMORED CABLE, TYPES AC, ACV AND ACL 

Order 13-93341. General. 
Armored cable for 600 volts or less shall conform to the following: 
A. Conductors. The conductors shall comply with the l'equil'ements 

for the type of conductol's used. The individual conductors having a 
fibrous covel'ing shall have such a covering fol' their entil'e length 
and, except for lead-covered cable, such covering shall be so treated 
as to be fiame-l'etal'dant and moisture-resistant. 

B. Marking. The cable shall carry distinctive mal'kers throughout 
its entire length, both in the conductors and the armor, so that theiL' 
makers may be readily identified. 

NON-METALLIC SHEATHED CABLE 

Order 13-93361. General. 
Non-metallic sheathed cable shall conform to the following: 
A. Conduct01·,q. The conductol's shall comply with the requirements 

fot' the type of conductor used, except that no braid need be pl'ovided 
directly .over the rubber covering. 

B. Number and Type of Conductors. Cable shall be approved type, 
in sizes Nos. 14 to 4, inclusive, and in addition to the insulated con
ductors may have an approved size of uninsulated copper conductoi' 
for grounding purposes only. 

C. Ma~·king. The cable shall have a continuous distinctive marking 
so that the maker may be readily identified. 

RIGID METAL CONDUIT 

Order 13-93461. General. 
Rigid c.onduit as shipped shall be in standard lengths of 10 feet 

including coupling, one coupling to be furnished with each length. Each 
length shall be reamed and threaded on each end. Steel conduit shall 
have an interior coating of a character and appearance, and non
ferrous conduit of corrosion-resistant material shall have suitable 
markings, so a;; to readily distinguish them from ordinary pipe com
monly used for other than electrical purposes. 

Conduit Sizes and Weights 
Weights Apply to Steel Only 

Nominal Diunwh-'r, Inches 
Inside Outside 

.622 .840 

.824 1.050 
1.049 1. 3 If. 
1.380 1.660 
1.610 1.900 
2.067 2.37:. 
2.469 2.875 
:1. 068 :1. 50U 
:1. fi4X 4.000 
4.026 4. 5110 
4. fi06 [, .000 
".047 G.fi6a 
6.0tjr, ti .(i:~r, 

Threads 
PPr In('h 

14 
14 
11\1 
1l\1 
1l\1 
11y~ 
8 
X 
X 
X 
X 
X 
X 

Minimum Wl. Lbs. of 
'Pen 10-foot Length. or 
Finished Conduit with 

Couplings Attached 
79.0 

105.0 
l53.0 
201.0 
249.0 
:!34.0 
527.0 
690.0 
H31.0 
982.0 

1150.0 
1344.0 
1770.0 
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ELECTRICAL METALLIC TUBING 

, Order 13-93481. General. 
Electrical metallic tubing shall conform to the following: 
A. Cross Section. The tubing, and elbows and bends for use with 

the tubing, shall have a circular cross-section. 
B. Finish. Tubing shall have such a finish or treatment of outer 

surfaces as will provide an approved permanent means of readily dis
tinguishing it, when installed, from rigid conduit. 

C. Connectors. When the tubing is coupled together by threads, 
the connector shall be so designed as to prevent bending of the tubing 
at any part of the thread. 

SURFACE METAL RACEWAY 

Ol'del' 13-93ri21. General. 
Surface metal raceways shall be ,of such construction as will dis

tinguish them from other raceways. Metal raceways and their elbows, 
couplings and similar fittings shall be so designed that the sections 
can be electrically and mechanically coupled together, while protecting 
the wires from abrasion. Holes for screws 01' bolts inside the raceway 
shall be so designed that when screws 01' bolts are in place their heads 
will be flush with the metal surface. 

CELLULAR METAL FLOOR RACEWAYS 

Ordel' 13-93561. General. 
Cellular metal floor raceways shall be so constructed that adequate 

electrical and mechanical continuity of the complete system will be 
secured. They shall provide a complete enclosure for the conductors. 
The interior surfaces shall be free from burrs and sharp edges, and 
surfaces over which conductors are drawn shall be smooth. Suitable 
bushings 01' fittings having smooth rounded edges shall be provided 
where conductors pass. 

BOXES AND FITTINGS 

Order 13-93701. Outlet, Switch and Junction Boxes and Fittings. 
Outlet, switch and junction boxes and fittings, if of metal, shall 

conform to the following: 
A. 'Cur1'u~i()n-Rewistartt. Boxes and fittings, if of metal, unless of 

c{)rl'osion-resistant metal shall be well-galvanized, enameled, or other
wise properly coated, inside and out, to prevent corrosion. 

Hee Order 1:l-30U3 for Iilllilatioll ill tile \I~e of hoxt's and IHling',; PI'O
te<:ted froUl corrosion solely by ;>llamel. 

It is l'eeOlllllletldt'd that the protective "oating" I>t' of condlwtlve IlIatf'
l'ial. sud) as ('adntiunl. lin 01' "in". in order to secure !H'.tter elt'<:tl'lc-al 
('Olltl.u't, 

B. Thickness uf M etaZ. Fo]' boxes and fittings not over 100 cubic 
illcheR in size, if COIlHtl'ucted of sheet steel, the metal shall not bE' JeHs 



290 VOLUME 2-0RDER 13-03701 

than No. 14 USS gauge (.0747 in.) in thickness, or if of cast,metal 
shall have a wall thickness of not less than % inch, except that if of 
malleable iron, they shall have a wall thickness of not less than :1\ inch. 

C. Boxes Over 100 Cubic Inches. Boxes of over 100 cubic inches in 
size shall be composed of metal and shall conform to the requirements 
for cabinets and cutout boxes, except that the covers may consist of 
single flat sheets secured to the box propel' by screws, 01' bolts instead 
of hinges. Boxes having covers of this form are for use only for 
enclosing joints in conductors or to facilitate the drawing in of wires 
and cables. They are not intended to enclose switches, cutouts 01' other 
control devices. 

Order 13-93702, Covers. 
Covers of boxes and fittings shall be of a thickness at least that 

specified for the walls of boxes of the same material as that used for 
the cover and of the size under consideration, or shall be lined with 
firmly attached insulating material not less than -b. inch in thickness. 
Covers of porcelain or other approved inSUlating material may be used 
if of such form and thickness as to afford the requisite protection and 
strength. 

Order 13-93703. Bushings. 
Covers of outlet boxes and outlet fittings having holes through 

which flexible cord pendants may pass, shall be provided' with approved 
bushings 01' shall have smooth, well-rounded surfaces, upon which the 
cord may bear. If conductors other than flexible cord may pass through 
a metal cover, there shall be provided a separate hole for each wire, 
said hole being equipped with a bushing of suitable insulating 
material. 

Order 13-93704. Non-Metallic Boxes. 
Provisions for supports, or other mounting means, for non-metallic 

boxes, shall be outside of the box, or the box shall be so constructed 
as to prevent contact between the conductors in the box and the 
supporting screws. 

CABINETS AND CUTOUT BOXES 

Order 13-93731. Material. 
Cabinets and cutout boxes shall conform to the following: 
A. Metctl Cctbhwts and Boxes. Metal cabinets and cutout boxes shall 

be well galvanized, plated with cadmium or other approved metallic 
finish, enameled, 01' otherwise properly coated, inside and out, to pre
vent corrosion. 

It is recommended that the protective coating" be of conduetlve mate
rial, such as cadmium, tin 01' zinc, in order to secure better electrical 
contact. 

B. St?·ength. The design and construction of cabinets and cutout 
boxes shall be such as to secure ample strength and rigidity. If con
structed of sheet steel, the metal shall be of not less than No. 16 USS 
gauge (0.598 inch) in thickness. 
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C. C01npo.~ition Cabinets. Composition cabinets shall be submitted 
for approval prior to installation. 

Order 13-93732. Spacing. 
The spacing within cabinets and cutout boxes shall conform to the 

following: 
A. General. The spacing within cabinets and cutout boxes shall be 

sufficient to provide ample room for the distribution of wires and 
cables placed in them, and for a separation between metal parts of 
devices and apparatus mounted within them as follows: 

1. Base. There shall be an air space of at least -n inch, except at 
points of support, between the base of the device and the wall of any 
metal cabinet or cutout box, on which the device is mounted. 

2. Doors-General. There shall be an air space of at least 1 inch 
between any live metal part (including live metal parts of enclosed 
fuses) and the door, unless the ·door is lined with an approved insu
lating material or is of a thickness of metal not less than No. 12 USS 
gauge (.1046 inch), when the air space shall be not less than % inch. 

3. Doors-Link Fuses. There shall be a space of at least 2 inches 
between open link fuses and metal-lined walls or metal, metal-lined or 
glass-paneled doors. 

4. Live Parts. Except as noted above, there shall be an air space 
of at least % inch between the walls, back, gutter partition, if of 
metal, or door of any cabinet or cutout box and the nearest exposed 
current-carrying part of devices mounted within the cabinet if the 
potentials do not exceed 250 volts. This spacing shall be increased to 
at least one inch if the potentials exceed 250 volts. 

B. Switoh Clea1'anoe. Cabinets and cutout boxes shall be' deep 
enough to allow the closing of the doors when 30-ampere branch
circuit panelboal'd switches are in any position, or when combination 
cutout switches are in any position, or when other single-throw 
switches are opened as far as their construction will permit. 

C. Wiring Space-When Required. Cabinets and cutout boxes which 
contain devices or apparatus connected within the cabinet or box to 
more than 8 conductors, including those of branch circuits, meter loops 
sub-feeder circuits, power circuits and similar circuits, but not includ
ing the supply circuit or a continuation thereof, shall have back wiring 
spaces or one or more side wiring spaces, side gutters or wiring 
compartments. 

D. Wiring Spaoe-Enolosure. Side wiring spaces, side gutters or 
side wiring compartments of cabinets and cutout boxes shall be ren
dered tight enclosures by means of covers, barriers or partitions 
extending from the bases of the devices, contained in the cabinet, to 
the door, frame, or sides of the cabinet; provided, however, that where 
the enclosure contains only those conductors which are led from the 
cabinet at points directly opposite their terminal connections to de
vices within the cabinet, such covers, barriers or partitions may be 
omitted. Partially enclosed back wiring spaces shall be provided with 
covers to complete enclosure. Wiring spaces that are required by 
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paragraph (C) of this order and which are exposed when doors are 
open, shall be provided with covers to complete the enclosure. 

SWITCHES 
Ordel: 13-93801. Marking. 

Switches shall be marked with the current and v(Jltage and, if 
horsepower rated, the maximum rating for which they are designed. 

- . 
Order 13-93802. 6'00-Volt Rnife Switches. 

Auxiliary contacts of a renewable or quick-break type 01' the equiva
lent, shall be provided on all 600-volt knife switches designed for use 
in breaking currents over 200 amperes. 

It is recommended that such auxiliary contacts uc 11l'ovi(Jc(J on all 
direct-current switches rated at over 250 volts. 

Order 13-'93803. Multiple Fuses. 
Switches rated above 600 amperes, and therefore exceeding the rat

ing of standard cartridge enclosed fuses, may be arranged f(Jr fuses in 
multiple provided as few fuses as possible are used and the fuses are 
of the same type and rating and are so mounted as to eliminate a 
potential difference between the terminals of the fuses. 

SWITCHBOARDS AND P ANELBOARDS 

Order 13-93841. Panels. 
The panels of switchboards shall be made of ll10h;ttll'e-l'esistant, 

non-combustible material. 

Ol'der 13-93842. Bus-bars. 
Bus-bars, if rigidly mounted, may be (Jf bare metal. 

Orderi13~93843. Protection of Instrument Circuits. 
Instruments, pilot lights, potential transformers, -and other switch

board devices with potential coils, except where the operation of the 
overcurrent device might introduce a hazard in the operati(Jn of de
",kes, shall be supplied by a circuit that is protected by standard 
overcurrent devices of a rating not greater than 15 amperes, except 
that for ratings of 2 amperes or less special types of enclosed fuses 
may be used. 

Order 13-93844. Component Parts. 
Switches, fuses, and fuseholdel's used 011 panelboards shall oonform 

to the requirements of Sections 13-240 and 13-380 so far as they apply. 

Order 13-9384'5. Rnife Switches. 
Branch-circuit switches shall be so arranged that the blades, if 

exposed during operation, will be dead when the switches are open. 

Order 13-93846. Color-Coding. 
If switchboards or panelboards are provided with color markings 

to indicate the main bus-bars to which branch circuit bus-bars are 
connected, the colors shall conform to the color coding of Order 
13-2112. 



ELl<jCTRICAL COlJl<J-OR])El{ H-9400~ 293 

Order 13-93847. Spacings. 
Except at switches and circuit-breakers, at least the following dis

tance between bare metal parts, bus-bars, etc., shall be maintained. 

Not over 125 vo[(s _______________ _ 
Not over 250 volts _______________ _ 
Not over 600 volts _______________ _ 

Opposite Polarity 
When Mounted on 
the Same Surface 

%' inch 
17.i inch 
2 inches 

Opposite Polarity 
When Held 
Free in Air 

U inch 

~i~~~ 

*Live Parts 
to Ground 

U inch 
U inch 

1 inch 

*For spacing between live parts and doors of cabinets. see sub-paragraph A of order 
13-93732. 

It should be noted that the above distances are the minimum allowable. and it is recom
mended that greater distances be adopted wherever the conditions will permit. 

At switches, enclosed fuses, etc., parts of the same polarity may be 
placed as close together as convenience.in handling will allow, unless 
close proximity causes excessive heating. 

FLEXIBLE CORDS 

Order 13~94001. Labels. 
Flexible cords shall be examined and tested at the factory and shall 

be labeled before shipment. 

Order 13-94002. Grounded Conductor Identification. 
One conductor of flexible Gords shall have a continuous marker 

readily distinguishing it from the other conductor or conductors. The 
identification shall consist of one of the following: 

A. Colored Braid. A braid finished to show a white or natural gray 
color and the braid on the other conductor or conductors finished to 
show a readily distinguishable solid color or colors. 

B. TraclM' in Braid. A tracer in a braid of any color contrasting 
with that of the braid and no tracer in the braid of the other conduc
tor or conductors. No tracer shall be used in the braid of any conduc
tor of a flexible cord which contains a conductor having a braid fin
ished to show white or natural gray, except that, in the case of types 
C, PD and PO cords having the braids on the individual conductors 
finished to show white 01' natural gray, the identifying marker may 
consist of a tracer of any color in the braid of one conductor. 

C. Colored Insulation. A white or natural gray insulation on one 
conductor and insulation of a readily distinguishable color or colors 
on the other conductor or conductors for cords having no braids on 
the individual conductors (except cords which have insulation on the 
individual conductors integral with the jacket). 

D. Colored Separator. A white or natural gray separator on one 
conductor and a separator of a readily distinguishable solid color on 
the other conductor or conductors of cords having insulation on the 
individual conductors integral with the jacket. . 

E. Tinned Conductors. One conductor having the individual strands 
tinned and the other conductor or conductors having the individual 
strands untinned for cords having inSUlation on the individual con
ductors integral with the jacket. 
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F. Sui/ace Marking. A stripe, ridge or groove So located on the 
exterior of the cord as to identify one conductor for cords having in
sulation on the individual conductors integral with the jacket. 

Order 13-94003. Grounding Conductor Identification. 
A conductor intended to be used as a grounding conductor if pro

vided with insulation shall have a continuous identifying marker 
readily distinguishing it from the other conductor or conductors. The 
identifying marker shall c6nsist of one of the following: 

A. Colored Braid. A braid finished to show. a green color. 
B. Colored Insulation. For cords having no braids on the individual 

conductors a green insulation on one conductor. 
This shall not be construed as prohibiting the use of a conductor 

having a green finish as an ungrounded circuit conductor In cords 
having no .conductor used as a grounding conductor. 

Order 13-94004. Insulation-Required. 
The individual conductor of all cords except those of heat-resistant 

cord (Types AFC, AFPO, AFPD, AFS, AFSJ, AVPO, AVPD, CFC, 
CFPO and CFPD) shall have' a rubber or thermoplastic covering, 
except that in Types S, ST, SO, SJ, SJT, SJO, SU and SUO, cord one 
conductor intended for use as a grounding conductor may be without 
individual insulation. A rubber compound shall be vulcanized except 
for asbestos-covered tinsel cord (Types AT and ATJ) and heater cord 
(Types HC, HSJ and HPD). 

Order 13-94005. Insulation Thickness. 
The thickness of the rubber or thermoplastic covering shall be not 

less than <h inch for Types AT, ATJ, CT"CTJ, P-64, PO-64, POSJ-64, 
POT-64, PWP-64, SV, SVT, HC, HSJ, and HPD. The nominal insula
tion thickness for Types SU and, SUO shall be .015 inch for Awg sizes 
18 and 16 and .018 inch for Awg sizes 14, 12, and 10. For other types 
the nominal thickness 'of the rubber or thermoplastic covering shall be 
as given in tl)e following table: 

Size 
AWG 

18 and 16 
14 to 10 

8 

Thickness 
Inch 

2/64 
3/64 
4/64 

FIXTURES, LAMPHOLDERS, RECEPTACLES AND ROSETTES 

Order 13-94100. Design and Material. 
Fixtures shall be constructed of metal, wood, or other approved 

material and shall be so designed and assembled as to secure requisite 
mechanical strength and rigidity. Wireways, including the entrances 
thereto, shall be such that conductors may be drawn in and withdrawn 
without injury. 
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Order 13-94101. Fixtures. 
Fixtures shall conform to the following: 
A. Material Other Than Metal. In all fixtures not made entirely of 

metal, wireways shall be lined with metal unless approved armored or 
lead-covered conductors with suitable fittings are used. ' 

B. Meohanical Strength. Tubing used for arms and stems where 
provided with cut threads shall be not less than 0.040 inch in thickness 
and when provided with rolled (pressed) threads shall be not less than 
0.025 inch in thickness. Arms and other parts shall be fastened to 
prevent turning. Metal canopies supporting latnpholders, shades, etc., 
exceeding 8 lbs., or incorporating attachment plug receptacles, shall be 
not less than 0.020 inch in thickness. Other canopies shall be not less 
than 0.016 inch when made of steel and not less than 0.020 inch when 
of other metals. Pull type canopy switches shall not be inserted in the 
rims of metal canopies Which are less than 0.025 inch in thickness un
less the rims are reinforced by the turning of a bead or the equivalent. 
Pull type canopy switches, whether mounted in the rims or elsewhere ' 
in sheet metal canopies, shall be located not more than 3 ¥.i inches 
from the center of the canopy. Double set screws, double canopy rings, 
a screw ring, or 'equal method shall be used where the canopy supports 
a pull type switch or pendent receptacle. 

The above thickness requirement~ apply to' measurements made on 
finished (formed)' canopies, 

C. Wiring .Space. Bodies of fixtures, including portable lamps, shall 
provide ample space for splices and taps and for the installation of 
devices, if any. Splice compartments shall be of nonabsorptive, non
combustible rna terial. 

D. Fixture Studs. Fixture studs which are not parts of outlet boxes, 
hickeys, tripods, and crowfeet shall be made of steel, malleable iron, or 
other approved material. 

E. Insulating Joints. Insulating joints shall be composed of ma
terials especially approved for the purpose. Those which are not de
signed to be mounted with screws or bolts shall have a substantial 
exterior metal casing, insulated from both screw connections. 

F. Portables. Portable table and floor lamps and fan motors on 
ceiling fixtures may be wired with approved rubber-covered conductors, 
provided the wiring is not located so as to be subject to undue heating 
from lamps. f 

G. Uord Bushings. Bushings or the equivalent shall be provided 
where flexible cord enters the base or stem of a portable lamp. The 
bushing shall be of insulating material unless a jacketed type of cord 
is used. 

H. Tests. All wiring shall be free from short-circuits and grounds, 
and shall be tested for these defects prior to being connected to the' 
circuit.' . 

1. Live Parts. Exposed live parts within porcelain fixtures shall be 
suitably recessed and so located as to make it improbable that wires 
will come in contact with them. There shall be a spacing of at least 
¥.i inch between live parts and the mounting plane of the fixture. 
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LAMPHOLDERS 
Order 13-94102. General. 

Lampholders shall conform to the following: 
A. Insulation. The outer metal shell and the cap shall be lined with 

insulating material which shall prevent the shell and cap from becom
ing a part of the circuit. The lining shall not extend beyond the metal 
shell more than % inch, but shall prevent -any current-carrying part 
of the lamp base from being exposed when a lamp is in the lamp
holding device. 

B. Lead Wi1·es. Lead wires, furnished as a part of weatherproof 
lampholders and intended to be· exposed after installation, shall be of 
approved, stranded, rubber-covered conductors, not less, than No. 14 
gauge (No. 18 gauge for candelabra sockets), and shall be sealed in 
place or otherwise made raintight. 

C. Switched Lampholders. Switched lampholders shall be of such 
construction that the switching mechanism interrupts the electrical
connection to the center contact. The switching mechanism may also 
interrupt the electrical connection to the screw shell if connection to 
the center contact is simultaneously interrupted. 

D. Screw-Shell Lampholclers.Screw-shell lampholders shall be 
classed according to diameters of lamp bases, as Candelabra, Inter
mediate, Medium, Admedium, and Mogul base; having respectively 
% inch, Hinch, 1 inch, 1n inch, and 1% inch nominal sizes, with rat
ings, as specified in the following table: 

Ratings-Switched Ratings-Unswitched 
Max. Max. 
Amp. Amp. 

Nominal at any at any 
Class D\am. Watts Volts Voltage Watts Volts Voltage 

Candelabra % in. 75 125 ~ 75 125 1 
Intermediate 21/32 in. 75 125 ~ 75 250 1 
Medium 1 in. 250 250 2% 660 . 250 6 

660(a) 250 6 660 600 
Admedium 11/16 in. 660 250 
Mogul 1% in. 750 250 1500 250 

1500 250 1500 600 

(a) This rating may be given only to lampholders having a switch mechanism which 
produces both a quick Hmake" and a quick ubreak" action. 

Miniature lampholders and receptacles having screw-shells smaller than the candelabra 
size may be used for decorative lighting systems, Christmas-tree lighting outfits and similar 
purposes. 

For exceptions Cor medium hase key lamp holders and receptacles see flection 13-720. 

INCANDESCENT LAMPS 

Order 13-94103. Bases. 
An incandescent lamp for general use on lighting branch circuits 

shall not be equipped with a Medium base if rated over 300 watts, nor 
with a Mogul base if rated over 1,500 watts. Above 1,500 watts spe
cial approved bases or other devices shall be used. 

ROSETTES 
Ordel' 13-94104. Rosettes. 

Rosettes shall conform to the following: 
A. Rating. Rosettes shall be rated at 660 watts, 250 volts, with a 

maximum cllrrent rating of 6 amperes. 
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B. For Exposed Wiring. If designed for use with exposed wiring, 
rosettes shall be pl'ovided' with bases which shall have at least twv 
holes for supporting screws, shall be high enough to keep the wires 
and terminals at least % inch from the surface wired over, and shall 
have a porcelain lug under each terminal to prevent the rosette being 
placed over projections which would reduce the separation to less than 
% inch. 

C. For Use With Boxes or Raceways. If designed for use with con
duit boxes or wire raceways, rosette bases shall be high enough to keep 
wires and terminals at least % inch from the surface wired over. 

D. Fuseless. Fused rosettes shall not be used. 
E. Non-separable. Separable rosettes which make possible a change 

in polarity shall not be used. 

FLUSH AND RECESSED FIXTURES 

Order 13-94105. Flush and Recessed Fixtures. 
Flush and recessed fixtures shall conform to the following: 
A. Temperature. Fixtures shall be so constructed that adjacent 

combustible material will not be subject to temperatures in excess of 
90C (194F). 
, B. Enclosure. Sheet metal enclosures shall be protected against 

corrosion by galvanizing, plating, or other equivalent heat-resisting 
coating, and shall not be less than No. 22 USS gauge (.0299 in.). 

C. Lamp Stops. Where enclosures are of a size which permits the 
USe of lamps which will permit the temperature limits specified in 
sub-paragraph A to be exceeded, lamp stops shall be provided to.pre

. vent the use of excess' size lamps. 
D.' Use of Solder Prohibited. No solder shall be used in the con

struction of the fixture box. 
E. Lampholders., Lampholders of the screw-shell type shall be o~ 

porcelain unless specially approved for the purpose. Cements, if used, 
shall be of the high-heat type. 

F. Conductor Insulation. Recessed fixtures shall be wired with 
type AF or AI fixture wire. 

ELECTRIC DISCHARGE LAMPS 

Order 13-94106. General. 
Fixtures constructed for electric discharge lighting in addition to 

conforming to the applicable requirements for electric discharge light
ing, and the general requirements for all lighting fixtures, shall con
form to the following. For signs and outline lighting, see Section 
13-600. 

A. Lampholders. Lampholders shall be classed according to the 
dimensions and spacings of the pins in the lamp bases, as shown in 
the following table: 

Class 
Small Bipin 
Standard Bipin 
Larlle Bipin 
Standard Single Pill 

Rating 
75 watts 

660 watts 
660 watts ' 
660 watts 

Dia. 
3/32 in. 
3/32 in. 
1/8 in. 
5/16 in. 

Pin Dimensions 
Length 
9/32 in. 
9/32 in. 
fi/8 in. 
5/16 ill. 

Spacing 
8/16 in. 
1/2 in. 

25/82 in. 
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MERCURY-VAPOR LAMPS 

Order 13-94107. Enclosure of Resistors and Regulators. 
Resistors or regulators for mercury-vapor lamps shall be enclosed 

in non-combustible cases and treated as sources of heat. 

MOTORS AND CONTROLLERS 

Order 13-94301. Bushings. 
Soft-rubber bushings may be used to protect lead wires where they 

pass through the frame of a motor, but only where they will not be 
exposed to oils, grease, oily vapors, 01' other substances having a 
deleterious effect on rubber. 

Order 13-94302. Auto-Transformer-Design. 
An auto-transformer starter shall provide an off position, a running 

position, and at least one starting position. It shall be so designed 
that it cannot rest in the starting position, 01' in any position, which 
will render inoperative the overcurrent protective device in the circuit. 

Order 13-94303. Rheostats. 
Rheostats shall conform to the following: 
A. Internal Connections. Motor-starting rheostats shall be so de

signed that the contact arm cannot be left on intermediate segments. 
The point or plate on which the arm rests when in the starting positi'on 
shall have no electrical connection with the resistor. 

B. Under-voltage Release. Motor-starting rheostats for direct-cur
rent motors shall be equipped with automatic devices which will inter
rupt the supply before the speed of the motor has fallen to less than 
one-third its normal value. 

Order 13-94304. Identifying Code Letters. 
Code letters marked on motor nameplates to show motor input with 

locked rotor shall be in accordance with the following table: 

Kilovolt-Amperes 
per Horsepower, 

Code Letter with Locked Rotor 
A___ _____ _____ _ ___ _ __ _ _ ___ _ ____ __ __ __ _ _ _____ _ ____ _ ________ _____ _ 0 - 3.14 
B_______________________________________________________________ 3.15 - 3.54 

C ____________ - _ - - -- - - - - - - - - - - -- - - -- -- --- - - - - - - - -- - --- - - - - - - - -- - _ 3.55 - 3.99 
D _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4.0 4.49 
E _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4.5 4.99 
F ____________________ - - - _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - _ _ _ _ _ _ 5.0 5.59 
G ______________________ - _ - - __ - _ - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ 5.6 6.29 
H __________________________ - ___ - - - - - - - - - - -- -_ - - -_ - - - _ - _ _ _ _ _ _ _ _ _ _ 6.3 7.09 
J _______________________ - _________ -_ - - --- --_ - -- _ ---______ __ _ _ _ _ _ _ 7.1 7.99 
K ______________________________ - _ - _ - - - - - - __ - _ - - _ - - __ - _ _ _ _ _ _ _ _ _ _ 8.0 8.99 
L ________________ -_ - - - -- - - -- -- - - - -- --- ----- - -- - - - - --- - -- - -- - - - - •. _ 9.0 9.99 
M _____ . ____ .. __ -_ --. - -. -. - - - - - -. -- - .. -. ------. -. - -- - -. --- ---_ -_. 10.0 - 11.19 
N __ •• ______ • __ ._. __ - -- - - - - - - - - - -. - - •. -. - -- - - -- --- --- - - - -- - - __ -_ _ 11.2 - 12.49 
P _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 12.5 - 13.99 
R __________________ - __ -- -- ---- _ ---- ,--- -. -- -- - - --- -- - _ - -_ _______ 14.0 - 15.99 
S _______________________________ -- __ -- -- ---- - - - - ------ - - --______ _ 16.0 - 17.99 
T _____________________________________________________ J_________ 18.0 - 19.99 
U ____________________________ -- _______ - -- -- - - - - - -- -- _____ " ____ _ _ 20.0 - 22.39 
V __ • _____________________ -- ____ -- __ -- -- - - - - - - - - -- ____ -- __ ____ __ _ 22.4 - and up 

The ahov" t.able is an adoptpd standard of thp National Electric'al Manufacturers ARSO
elation. 
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GENERATORS 

Order 13-94451. Bushings. 
Soft-rubber bushings may be used to protect lead wires where they 

pass through the frame of generators, but only where they will not be 
exposed to oils, grease, oily vapors, or other substances having a dele
terious effect on rubber. 

TRANSFORMERS 

Order 13-94501. Case or Enclosure. 
Dry-type transformers shall be provided with a non-combustible 

moisture-resistant case or enclosure which will provide reasonable 
protection against the accidental insertion of foreign objects. 

Order 13-94502. Leads. 
The primary leads of transformers supplying Class 2 remote-control 

and signal circuits may be smaller than No. 14 but not smaller than 
No. 18, provided they are not over 12 inches long, have insulation at 
least equal to type RF-32 rubber-covered fixture wire, or approved 
equivalent. 

CAPACITORS 

Order 13-94601. Cases and Supports. . 
Capacitors shall be provided with non-combustible cases and 

supports. 

RESISTORS AND REACTORS 

Order 13-94701. Contacts. 
Fixed and movable contacts shall be so designed that arcing will be 

kept at a minimum. 

Order 13-94702. Materials. 
Reactors shall be composed of non-combustible materials, and shall 

be mounted on non-combustible bases. 
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Chapter 10. Tables, Diagrams, Examples 

Table 1-Allowable Current· Carrying Capacities of Insulated 
Conductors in Amperes 

Not More Than Three Conductors In Raceway or Cable 

(Based on Room Temperature of 30 C. 86 F.) 

Paper 

Thermo-
Rubber plastic Impreg-
TypeR Asbestos Asbestos nated 

Type RW Type TA Var-Cam Asbestos Asbestos 
Size TypeRU Rubber Type Tne Type A 

AWG Type RUW Type Var-Cam AVA (14-8) 
MCM (14-2) RH Type V Type (14-8) TypeAA 

AVL Type 
Thermo- Asbestos AlA 

plastic VaT-Cam 
TypeT Type 

TypeTW AVB 

14 15 15 25 30 30 30 
12 20 20 30 35 40 40 
10 30 30 40 45 50 55 

8 40 45 50 60 65 70 

6 55 65 70 80 85 95 
4 70 85 90 105 115 120 
3 80 100 105 120 130 145 
2 95 115 120 135 145 165 
1 110 130 140 160 170 190 

0 125 150 155 190 200 225 
00 145 175 185 215 230 250 

000 165 200 210 245 265 285 
0000 195 230 235 275 310 340 

-------
250 215 255 270 315 335 ---
300 240 285 300 345 380 -- -
350 260 310 325 390 420 -
400 280 335 360 420 450 -' -
500 320 380 405 470 500 - .-

--- -----
600 355 420 455 525 545 _.-
700 385 460 490 560 600 - --
750 400 475 500 580 620 -- -
800 410 490 515 600 640 ---
900 435 520 555 . -- --- ---

--- -----_. 
1,000 455 545 585 680 730 .- -
1,250 495 590 645 . - - -- .. .- . 
1,500 520 625 700 785 --- .. 
1,750 545 650 735 -- . .- - -_. 
2,000 560 665 775 840 .- . .- -

CORRECTION FACTOR FOR ROOM 'fEMPERATURES OVER 30 C. R6 F. 
C. 1<'. 
40.104 .82 .88 .90 .94 .95 
45 113 .71 .82 .85 .90 .92 
50 122 .58 .75 .80 .87 .89 
55 131' .41 .67 .74 .83 .86 
--- ---_._---.- ~·---I-----I------I------ -----

60 140 
70 158 
75 167 
80 176 

.58 

.35 
.67 
.52 
.43 
.30 

.79 .83 

.71 .76 

.66 .72 

.61 .69 

.91 

.87 

.86 

.84 
--------... - ----- ----- -_·-----1------ ----

90 194 
100 212 
120 248 
140 284 

.fiO .61 
.51 

.80 

.77 

.69 

.59 
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Table 2-Allowable Current-Carrying Capacities of Insulated 
Conductors in Amperes . 

Single Conductor in Free Ail' 
(Based on Room Temperature of 30 C. 86 F.) 

Rubber Thermo-
Type R plastic Slow-

TypeRW Asbestos Burning 
TypeRU Type TA Asbestos Impreg- TypeSB 

Type Var-Cam nated Asbestos 
Size RUW Rubber Var-Cam Type Asbestos Type A Weather-

AWG (14-2) TypeRH Type V AVA T&pe AI (14-8) proof 
MCM ---- Type 14-8) Type AA Type WP 

Thermo- Asbestos AVL Type AlA Type 
plastic Var-Cam SBW 

Type'T XV; -----
TypeTW Bare ---- -----

14 20 20 30 40 40 45 30 
12 . 25 25 40 50 50 55 40 
10 40 40 55 65 70 75 55 

8 55 65 70 85 90 100 70 
--- ----

6 80 95 100 120 125 135 100 
4 105 125 135 160 170 180 130 
3 120 145 155 180 195 210 150 
2 140 170 180 210 225 240 175 
1 165 195 210 245 265 280 205 ----
0 195 230 245 285 305 325 235 

00 225 265 285 330 31i5 370 275 
000 260 310 330 385 410 430 320 

0000 300 360 385 445 475 510 a70 
-.--- -------------------

250 340 405 425 495 530 ---- 410 
300 375 445 480 555 590 - --- 460 
350 420 505 530 610 655 - --- 51() 
400 455 545 1i75 665 710 - --- fi5fi 
500 515 620 660 765 815 - --- 630 

-~-- ---- ------ -------.--
600 575 690 740 855 910 -.- - 7W 
700 630 755 815 940 1005 - - ~ - 780 
71i0 655 785 845 980 1045 -- .... 810 
800 680 815 880 1020 1085 - --- H40 
900 730 870 940 ---- .. _. .--- 905 --- -------- --------- ------

1000 780 935 1000 1165 1240 ---. 960 
1250 890 1065 1130 ---- ---- . --- --- . 
1500 980 1175 1260 1450 ---- - --- 1215 
1750 1070 1280 1370 "--- -.-- - - -- - - --
2000 1155 1385 1470 1715 ---- .--- 1405 

CORRECTION FACTOR FOR ROOM TEMPERATllRJ<;S OVI<;R 30 C. 86 F. 
C. F. 
40 104 .82 .88 .90 .94 .95 
45 113 .71 .82 .85 .90 .92 
50 122 .58 .75 .80 .87 .89 
55 131 .41 .67 .74 .83 .R6 

60 140 
70 158 
75 167 
80 176 

.58 

.35 
.67 
.52 
.43 
.30 

.79 .83 
.. 71 .76 
.66 .72 
.61 .69 

----- ------~ 

.91 

.87 

.86 

.84 
1----1------ ----.---- ------------_ 

90 194 
100 212 
120 248 
140 284 

See_Notes, (ollowing this tuble. 

.50 .61 
.51 

.80 

.77 

.69 
,fi9 
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NOTES TO TABLES 1 and 2 
For explanation of Type Letters, and for recognized size of conductors 

for the various conductor Insulations, see Orders 13-3,102 and 13-93101. 
For Installation requirements, see Order 13-3102 and the various sections 
of this code. For fiexible cords see Tables 3 and 31. 

1. Aluminum Oond'iotol's. For aluminum conductors, the allowable current
carrying capacities shall be taken as 84 per cent of those given In the 
lable for the respective sizes of copper conductor with the same kind of 
Insulation. 

2. BaI'e iOondllotors. If bare conductors are used with insulated conductors, 
their allowable current-carrying capacity shall be limited to that per
mitted for the Insulated conductor with which they are used. 

3. Applioation of Table. For open wiring on Insulators and for concealetl 
knob-and-tube work, the allowable current-carrying capacities of 
Table 2 shall be used. For all other recognized wiring methods, the 
allowable .current-carrying capacities of Table 1 shall be used, unless 
otherwise provided in this code. 

4. More Than Three Oonduotors in a Raoeway. Table 1 gives the allowable 
current-carrying capacity for not more than three conductors in a race
way 01' cable. ]f the number of conductors in a raceway 01' cable Is from 
4 to 6, the allowable current-carrying capacity of each conductor shall 
be reduced to 80 pel' cent of the values In Table 1. If the number of con
ductors in a raceway or cable.is from 7 to 9, the allowable CUlTent
carrying capacity of each conductor shall be reduced to 70 per cent of 
the values in Table 1. 

Exceptions to the foregoing are specified in Orders 13-3624, 13-3745, 
and 13-7265. 

5, Neut1'al OondllOtor. A neutral conductor which carries only the unbal
anced current from other conductors, as in the case of normll-lly balanced 
circuits of three 01' more conductors, shall not be counted in determining 
current-carrying capacities as prov1tled for in the preceding paragraph. 

In a 3-wirc circuit consisting of two phase wires and the neutral of 1t 
4-wlre, 3-phase system, a common conductor carries approximately the· 
same current as the other conductors and is not therefore considered 
as a neutral conductor. 

6. Ultimate Insulation Temperatill'e. In no case shall conductors be asso
ciated, together in such a way with respect to the kind of circuit, the 
wiring method employed, or the number of conduclors, that the limit
ing temperature of lhe conductors will be exceeded. 

7. Use of Oonduotors lVUh Higher 01)eratlng Temperat1l1'es. If the room 
temperature Is within 10 degrees C of the maximum allowable operat
ing temperature of the Insulation, it Is desirable to use an Insulation 
with a higher maximum allowable operating temperature; although in
sulation can be used in a room temperature approaching its maximum 
allowable operating temperature limit if the current is reduced in 
,wcordance with the table of correction factol's for different room 
temperatures. 

8. Voltage Drop. The allowable current-carrying capacities in Tables 1 and 
2 are based on temperature alone and do . not take voltage drop into 
consideration. 

9. OVe!'oul'l'ent Proteotion. If the standard ratings and settings of over
current devices do not correspond with the ratings and settings allowed 
for conductors, the next higher slandard rating and setting may be used, 
but not exceeding 150 per cent of the allowable carrying capacity of the 
conductor. . 

10. Detel··ioration ollllsu~ation. It should be noted that even the best gradE'S 
of rubber insulation will ileterlorate in time, sO eventually will Ileed to 
be replaced. 
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'fable a-Allowable Current-Carrying Cal)3City of Flexible Cord 
and Fixture Wire in Amperest 

(Based on Hoom 'remperature of 30 C. 86 1". Seo Ordor 13-4008 and 
Table 31 of Chapter 10) 

Flexible Cord Fixture Wire 
-------- -------- ------

Rubber 
Types 

Rubher S, SO, Thermo-
and Rubber SJ, Cotton plastic 

Cotton Types SJO, Types Rubber Types 
Types PO, C, SU, CFC* --- TF 
CT, PO,P, SUO, Types CFPO* Types TFF 

Size CTJ PWP, SV, AFS, I~'Po CFPO* RF-64 ---
AWG --- K,E, POSJ AFSJ, . RF-32 Cotton 

Rubber EO HC AVPO Asbestos FF-64 Type 
and Thermo- HPD, Types FF-32 CF* 

Asbestos Armored plastic HSJ AFC* RUF ---
TIPes T6r T§.pes AFPO* RUFF Asbestos 

T, T, AFPO* Type 
ATJ SJT, AF* 

SVT, 
POT 

------
27** 0.5 -- -- Iii -- -- -5 --
18 --- 5 7 17 6 6 
17 --- -- io 12 -- -- -7 --
16 --- 7 15 22 8 8 

------
15 --- -- Iii 

17 -- -- -- --
14 --- 15 20 28 17 -- 17 
12 --- 20 20 -- 36 -- -- --
10 --- 25 25 -- 47 -- -- --------_. ._-----
8 --- 35 -- -- -- -- -- --
6 --- 45 -- -- -- -- -- --
4 --- 60 -- -- -- -- -- --
2 --- 80 -- -- -- -- - - --

*These types are used almost exclusively in fixtures where they are exposed to,high tem
peratures and ampere ratings are assigned accordingly. 

**Tinsel cor<l. 

MORE THAN THREE CONDUCTORS IN A CORD 

Table 3 gives the allowable current-carrying capacities for not morc 
than three current-carrying conductors in a cord. If the number of 
current-carrying conductors in a cord is from four to six the allowable 
current-carrying capacity of each conductor shall be reduced to 80 per 
cOJnt of the values in the table. 



304 VOLUMill 2-'l'AllLill 4 

Tables 4 to 11. Tables 4 to 11 apply to complete conduit systems, 
and do not apply to short sections of conduit used for the protection 
of exposed wiring from mechanical injury. 

Table 4-Number of Conductors in Conduit or Tubing 
!tubber Covered, Types RF-S2, RUF, R, RH, RW, RU, and nuvv 

Thermoplastic, Types TF, T and TW 

Size 
AWG 
MCM 

18 
16 
14 
12 

10 
8 
6 

4 
3 
2 
1 

0 
00 

000 
0000 

250 
300 
360 
400 
600 

600 
700 
760 
800 
900 

1000 
1260 
1600 
1760 
2000 

One to Nine Conductors 

For more than nine conductors see Table 

(See Orders lS-S01S, 13-3466 and lS-3486) 

Number of Conductors in One Condult or Tubing 
------------------------

1 2 S 4 5 6 7 8 
------------------------

~ ~ ~ 

a ~ ~ 1t1 
u 

a a ~ 

~ ~ U 1 
1 1 1 

------------------------

a u ~ U 1 1 1 ~~ ~ ~ 1 ~~ ~~ 17,'0; 
1 1 17,'0; 2 2 

------------------------
~ 17,'0; *17,'0; 1~ 1~ 2 2 2 

~ 17,'0; 17,'0; 1~ 2 2 ' 2 
~~ 8~ 17,'0; 17,'0; 2 2 2 2~ 

U 1~ 1~ 2 2~ 2~ 2~ S 
---------' ---------------

1 1~ 2 2 2~ 2~ S S 
1 2 2 2~ 2~ S 3 S 
1 2 2 2~ S S S S~ 
17,'0; 2 2~ S 3 3 3~ 8~ 

------------------------
17,'0; 2~ 2~ 8 8 3~ 4 4 
17,'0; 2~ 2~ 3 ~~ ,4 4 !~ 17,'0; 8 3 3~ 4 4~ 
1~ 3 3 3~ 4 4 ~~ 5 
1~ 3 3 3~ 4 4~ 5 

------------------------
2 3~ 3~ 4 4~ 5 6 • 6 
2 3~ 3~ 4~ 5 5 6 6 
2 3~ 3~ 4~ 5 6 6 6 
2 3~ 4 4~ 5 6 6 ---
2 4 4 5 6 6 6 ---------------------------
2 4 4 5 6 6 --- ---
2~ 4~ 4~ 6 6 --- --- ---
3 5 6 6 --- --- --- ---
8 5 6 6 --- --- --- ---
3 6 6 --- --- --- --- ---

---
9 

---u 
1 
u 

17,'0; 
---
~~ 
2 

---
2~ 

~~ 
8 

---
S 
S~ 
S~ 
4 

---
4~ 
4~ 
5 
5 
6 

---
6 
---
---
---
------
---
---
---
------
~ 

*Where a service run of conduit or electrical metallic tubing does not exceed 60 feet in 
length and does not contain more than the equivalent of two quarter bends from end to end, 
two No.4 insulated and one No.4 bare conductors may be Installed In 1-inch conduit or tubing. 

See Note 4 to Tables 1 and 2. 
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Table 5-N umber of Conductors in Conduit or Tubing 
Lead-Covered Types RL and RHL-600 V. 

(See Orders 13-3466 and 13-3486) 

Number of Conductors In One Conduit or Tubing 
Size 
AWG Single Conductor 2-Conductor 8-Conductor 

MCM Cable Cable Cable -------- ----._--- ------
2 8 4 1 2 3 4 2 8 -------- -------- ------

14 

~ ~ ~ 1 ~ 1 1 1~ 1'4 i~ i~ 12 1 1 i~ i~ 10 1 ~ 1 ~ i~ 1 2 
8 1 1U 1)1 1 1)1 2 1 2 2 

-------- -------- ------
6 

~ I~ m i~ ig ~U 2 ~~ m 
2)1 8 

4 

~~ 
8 8 

8 1~ 2 2 3 3 8 
2 ~)1 2 i~ 2 3 8 8U 
1 1 2 2)1 8 8)1 2 8)1 4 

-------- -------- ------
0 1 2 2 m 2 ~)1 3 8)1 2 4 m 00 1 2 2 2 m 4 ~~ 4 

000 1U 2 ~~ 2 8 4 4)1 
0000 1U 2)1 3 2)1 8 4)1 8 5 6 

-------- -------- ------
250 

11 
~)1 3 3 ----- ----- ----- ----- 8 6 6 

800 8 m ----- ----- ----- ----- m 6 6 
850 8 8 .. ---- ---- .. ----- ----- 6 6 
400 3 8 .. ---- ----- ----- ----- 6 6 
500 8 8U 4 ---- - ----- ----- ----- 4 6 ------------- -------- ------
600 2 8U 4 4)1 -- .. -- ---- - ----- ----- ----- ----- -----
700 2 4 4 5 ----- ----- ----- ----- ----- ----- -----
750 2 4 4 5 ----- ----- ----- ----- ----- ----- -----
800 2 4 !~ 5 ----- ----- ----- ----- ----- ----- -----
900 2)1 4 5 ----- ----- ----- ----- ----- -- .. -- ---- .. -------- -------- ------

1000 2)1 tU 4)1 6 ----- ----- ----- ----- ----- ----- -- ---
1250 8 5 6 ----- ----- ---- .. ----- ----- ----- -----
1500 8 5 6 6 ----- ----- ----- ----- ----- ----. ---- -
1750 "m- 6 6 ----- ---- - ----- ----- ----- ---- - -----
2000 6 6 -- .-- ----- ----- ----- ----- ---- - ---- -

305 

--
4 

--
1)1 
2 
2 
2)1 --
8 

~~ 
4 
4)1 
--

5 
5 
6 
6 
--

-------
-----
-----
-----
-----
-------
-----
---- .. 
-----
--- --
-----

'l'he above sizes apply to straight runs or with nominal offsets equivalent to not more 
than two quarter-bends. 

See order 18-8470 for bends in conduit. 
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Size 
AWG 

VOLUME 2-TABLE 9 

Table 9-Number of Conductors in Conduit or Tubing 

More Than Nine Conduclors 

Itllbber-Covered Types RF-32, HUF, R, RH, RU, RU';Y, R'V 
Thermoplastic Types TF, T, and T';Y 

''''hen Specially Permitted by This Codo 

(See Order 13-3012) 

Maximum Number of Conductors in Conduit or Tuhing 

:li 1 17.( 1% 2 2% 
Inch Inch Inch Inch Inch Inch 

----
18 12 20 35 49 80 115 
16 10 17 30 41 68 97 
14 -- 10 18 25 40 59 
12 -- -- 15 21 35 50 
10 -- -- 13 17 29 41 

8 --, -- -- 10 17 25 
6 -- -- -- -- -- 15 

3 
Inch 

176 
150 

90 
77 
64 
38 
23 

*More than nine conductors are permitted in a single conduit for conductors between a 
motor and its controller; stage pocket'and border circuits, order 13-5212; sign flashers, order 
13-6021D; elevator control conductors, order 13-6214; signal and control circuit". section 
13-725. 

Table l1-Combination of Conductors 

(See Orders 13-3466 and 13-3486) 

For groups or combinations of conductors not included in the Tables 
4, 5 or 9, the conduit or tubing shall be of such size that the sum of the 
cross-sectional areas of the individual conductors will not be more than 
the percentage of the interior cross-sectional area of the conduit or 
tubing shown in the following table: 

Pel' Cent Area of Conduit or Tubing 

Number of Conductors 
---------, ------

2 3 4 
Over 

4 
---------------------- ---------------

*Conductors (not lead covered) (for new work) _______ 53 31 43 40 40 
Lead-covered conductors _________________________ 55 30 40 38 35 

**For rewiring existing raceways for increased load where 
it is impracticable to increase the size of the raceway 
due to structural conditions_: __ - - - - - _ - _ - - - - ___ -_ 60 40 50 50 50 

See Note to Table 13 for size or conduit or tubing for combinations of conductors not 
shown in Table 4. 

For carrying capacity of more than three conductors in a conduit Of tubing, see Tables 
1 and 2. Note 4. ' 

See Tables 12 to 19 for dimensions of conductors, conduit and lubing. 
*Use actual dimensions of wire or cable unless it is smaller than dimension of RW. Use 

dimension of RW as minimum dimension. Limited to nine wires maximum except as permitted 
in Table 9. 

**For rewiring, figure dimension of wire or cable actually used. More than nine wires per
mitted if not over 50% fill. 

For exposed runs of service conduit or tubing not over 30 feet in length, the size of conduit 
or tubing may be determined as permitted for rewiring. 

For multi-conductor cables use actual cable cross-section areas. Conductor numbers at 
head of columns shall be taken as numbers of cables. 



Tables 12 to 17 and 19. Tables 12 to 17 and 19 give the nominal size of conductors and conduit or tubing recommended 
for use in computing size of conduit or tubing for various combinations of conductors. The dimensions represent average 
conditions only, and while variations will be found in dimensions of conductors and conduits of different manufacture, these 
variations will not affect the computation. 

Table 12-Dimensions and Per Cent Area of Conduit and of Tubing 
Areas of Condnit or Tnbing for the Com binations of Wires Permitted in Table 11 

Aeea-8quare Inches 

Internal 
NeW-Work Rewiring 

Trade Diameter Not Lead Covered . Lead Covered Not Lead Covered 
Size Inches Total 

100% 4 Condo Over 4 3 Condo 
1 Condo 2 Condo 3 Condo and Over 1 Condo 2 Condo 3 Condo 4 Condo Condo 1 Condo 2 Condo and Over 

53% 31% 43% 40% 55% 30% 40% 38% 35% 60% 40% 50% 

75 .622 .30 .16 .09 .13 .12 .17 .09 .12 .11 .11 .18 .12 .15 
%; .824 .53 .28 .16 .23 .21 .29 .16 .21 .20 .19 .32 .21 .27 

1 1.049 .86 .46 .27 .37 .34 .47 .26 .34 .33 .30 .52 .34 .43 
13-4 1.380 1.50 .80 .47 .65 .60 .83 .45 .60 .57 .53 .90 .60 .75 
1)1 1.610 2.04 1.08 .63 .88 .82 1.12 .61 .82 .78 .71 1.22 .82 1.02 

2 2.067 3.36 1-78 1.04 1.44 1-34 1-85 1.01 1.34 1-28 1-18 2.02 1.34 1-68 
2)1 2.469 4.79 2.54 1.48 2.06 1.92 2.63 1.44 1.92 1.82 1-68 2.87 1.92 2.40 
3 3.068 7.38 3.91 2.29 3.17 2.95 4.06 2.21 2.95 2.80 2.58 4.43 2.95 3.69 
375 3.548 9.90 5.25 3.07 4.26 3.96 5.44 2.97 3.96 3.76 3.47 5.94 3.96 4.95 

4 4.026 12.72 6.74 3.94 5.47 5.09 7.00 3.82 5.09 4.83 4.45 7.63 5.09 6.36 
4)1 4.506 15.95 8.45 4.94 6.86 6.38 8.77 4.78 6.38 6.06 5.57 9.57 6.38 7.98 
5 5.047 20.00 10.60 6.20 8.60 8.00 11.00 6.00 8.00 7.60 7.00 12.00 8.00 10.00 6 6.065 28.89 15.31 8.96 12.42 11.56 15.89 8.67 11.56 10.98 10.11 17.33 11.56 14.45 
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Table 13-Dimensions of Rubber-Covered and 
Thermoplastic-Covere'd Conductors 

Size 
AWG 

Types RF-32, R, RH, RW 
Types TF, '1" T,# RU**, 

RUF, RU 

MOM Approx. Diam. Approx. Area Approx. Diam. Approx. Area 
Inches Sq. Ins . Inches Sq. Ins. 

18 . 146 .0167 .106 .0088 
16 .158 .0196 .118 .0109 

-------
14 is in. .171 .0230 .131 .0135 
14 hin. .204* .0327* 
12 is in. '.188 .0278 .148 .0172 
12 hin. .221* .0884* 
10 .242 .0460 .168 .0224 

8 .311 .0760 .228 .0408 
-------

6 .397 .1238 .323 .0819 
4 .452 .1605 .372 .1087 
3 .481 .1817 .401 .1263 
2 .513 .2067 .433 .1473 
1 .588 .2715 .508 .2027 

0 .629 .3107 .549 .2367 
00 .675 .3578 .595 .2781 

000 .727 .4151 .647 .3288 
0000 .785 .4840 .705 .3904 

250 .868 .5917 .788 .4877 
300 .933 .6837 .843 .5581 
350 .985 .7620 .895 .6291 
400 1.032 .8365 .942 .6969 
500 1.119 .9834 1.029 .8316 

-------- -------, -------~-
600 1.233 1.1940 1.143 1.0261 
700 1.304 1.3355 1.214 1.1575 
750 1.339 1.4082 1.249 1.2252 
800 1.372 1.4784 1.282 1.2908 
900 1.435 1.6173 1.345 1.4208 

------ -------- --------
1000 1.494 1.7531 1.404 1. 5482 
1250 • 1.676 2.2062 1.577 1. 9532 
1500 1.801 2.5475 1.702 2.2748 
1750 1.916 2.8895 1.817 2.5930 
2000 2.021 3.2079 1.922 2.9013 

*'fh" dlm"rtsions of Type RW wire. Also, these dimensions to be used for new work in 
computing size of conduit or tubing for combinations of wires not. shown in Table 4. 

**No. 14 to No.2. 
No. 18 to No.8, solid; No.6 and larger, s!.randed. 
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Table 16-Dimensions of Lead·Covered Conductors 
Types RL. RHL. and RUI. 

309 

Single Conductor Two Conductor Three Conductor 
Size ----

AWG-MCM Diam. Area Diam. Area Diam. Area 
Inches Sq. Ins. Inches Sq. Ins. Inches Sq. Ins. 

14 .28 .062 .28 x .47 .115 .59 .273 
12 .29 .066 .81 x .54 .146 .62 .801 
10 .85 .096 .85 x .59 ,180 .68 .868 

8 .41 .132 .41 x .71 .255 .82 .528 

6 .49 .188 .49 x .86 .869 .97 .788 
4 .55 .287 .54 x .96 .457 1.08 .916 
2 .60 .283 .61 x 1.08 .578 1.21 1.146 
1 .67 .352 .70 x 1.23 .756 1.38 1.49 

0 .71 .396 .74 x 1.32 .859 1.47 1.70 
00 .76 .454 .79 x 1.41 .980 1.57 1.94 

000 .81 .515 .84 x 1.52 1.123 1.69 2.24 
0000 .87 .593 .90 x 1.64 1.302 '1.85 2.68 

-- ----_. 
250 .98 '.754 ---------- ---- 2.02 3.20 
300 1.04 .85 ---------- ---- 2.15 3.62 
850 1.10 .95 ---------- - --- 2.26 4.02 
400 1.14 1.02 -- ----- --- ---- 2.40 4.52 
500 1.23 1.18 -- ---- ---- ---- 2.59 5.28 

Note--No. 14 to No.8, solid conductors: No, 6 and larger, stranded conductors. Dalll 
for n-inch insulation not yet compiled. 
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Table 17-Dimensions of Asbestos-Varnished-Cambric 
Insulated Conductors· 

Types AVA, A VB, and A VL 

Type AVA Type AVB TypeAVL 
Size 

AWG Approx. Approx. Approx. Approx. Approx. Approx. 
MCM Diam. Area Diam. Area Dlam. Area 

Inches Sq. In. Inches Sq. In. Inches Sq. In. 

14 .245 .047 .205 .033 .320 .080 
12 .265 .055 .225 .040 .340 .091 
10 .285 .064 .245 .047 .360 .102 

8 .310 .075 .270 .057 .390 .119 
-----------

6 .395 .122 .345 .094 .430 .145 
4 .445 .155 .395 .123 .480 .181 
2 .505 .200 .460 .166 .570 .255 
1 .585 .268 .540 .229 .620 .300 _. 
0 .625 .307 .580 .264 .660 .341 

00 .670 .353 .625 .307 .705 .390 
000 .720 .406 .675 .358 .755 .447 

0000 .780 .478 .735 .425 .815 .521 

250 .885 .616 .855 .572 .955 .715 
300 .940 .692 .910 .649 1.010 .800 
350 .995 .778 .965 .731 1.060 _ .. 885 
400 LOtIO .850 1.010 .800 1.105 .960 

500 1.125 .995 1.095 .945 1.190 1.118 
550 1.165 1.065 1.135 1.01 1.265 1.26 
600 1.205 1.140 1.175 1.09 1.305 1.34 

650 1.240 1.21 1.210 1.15 1.340 1.41 
700 1.275 1.28 1.245 1.22 1.375 1.49 
750 1.310 1.35 1.280 1.29 1.410 1.57 
800 1.345 1.42 1.315 1.36 1.440 1.63 

850 1.375 1.49 1.345 1.43 1.470 1.70 
900 1.405 1.55 1.375 1.49 1.505 1.78 
950 1.435 1.62 . 1.405 1.55 1.535 1.85 

1,000 1.465 1.69 1.435 1.62 1.565 1.93 

Note: No. 14 to No.8, solid, No.6 and larger, stranded; except AVL where all sizes Ere 
stranded. 

Varnished-Cambric Insulated Conductors 
Type V 

The insulation thickness for varnished-cambric conductors, Type Y, is 
the same as for rubber-covered conductors, Type R, except for Nos. 14 
and 12 which have 3/64-inch insulation for varnished-cambric and 2/64-
inch insulation for rubber-covered conductors and for No. 8 which has 
3/64-inch insulation for varnished-cambric, and 4/64-inch insulation for 
rubber-covered conductors. See table in Order 13-93101. Tables 4 and G 
may, tberefore, he used for the numher of Y!1-l'nillhed-cambric insulatel\ 
cond\lctors in a cO\ldllit or !.ubin!$. 
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Table IS-Properties of Copper Conductors 

Concentric Lay D. C. Resistance 
Stranded Bare Ohms/MIFf.. 

Conductors Conductors At. 25 C. 77 F. 
Size Area -_._-------------... ---~-~--- .. -.. 

AWG Cir. MUs Diam. *Area 
No. Each Diam. Bare Tin'd. 

Wires Wire Inches Sq. Condo Condo 
Inches Inches 

~.-~-----~ 

18 1624 Solid .0403 .0403 .0013 6.510 6.77 
16 2583 Solid .0508 .0508 .0020 4.094 4.25 

14 4107 Solid .0641 .0641 .0032 2.575 2.68 
12 6530 Solid .0808 .0808 .0051 1.619 1.69 
10 10380 Solid .1019 .1019 .0081 1.018 1.06 

8 16510 Solid .1285 .1285 .0130 .641 .660 

6 26250 7 .0612 .184 .027 .410 .426 
4 41740 7 .0772 .232 .042 .259 .269 
3 52640 7 .0867 .260 .053 .205 .213 
2 66370 7 .0974 .292 .067 .162 .169 
1 83690 19 .0664 .332 .087 .129 .134 

---------
0 105500 19 .0745 .373 .109 .102 .106 

00 133100 19 .0837 .418 .137 .0811 .0844 
000 167800 19 .0940 .470 .173 .0642 .0668 

0000 211600 19 .1055 .528 .219 .0509 .0524 

250000 37 .0822 .575 .260 .0431 .0444 
300000 37 .0900 .630 .312 .0360 .0371 
350000 37 .0973 .681 .364 .0308 .0318 
400000 37 .1040 .728 .416 .0270 .0278 
500000 37 .1162 - .814 .520 .0216 .0225 

------
600000 61 .0992 .893 .626 .0180 .0185 
700000 61 .1071 .964 .730 .0154 .0159 
750000 61 .1109 .998 .782 .0144 .0148 
800000 61 .1145 1.031 .835 .0135 .0139 
900000 61 .1215 1.093 .938 .0120 .0124 

1000000 61 .1280 1.152 1.042 .0108 .0111 
1250000 91 .1172 1.289 1.305 .00864 .00890 
1500000 91 .1284 1.412 1.566 .00719 .00740 
1750000 127 .1174 1.526 1.829 .00617 .00636 
2000000 127 .1255 1.631 2.089 .00539 .00555 

*Area given is that of a circle having a diameter equal to the overall diameter of a stranded 
conductor. . 

The values given in the table are those given in Circular 31 of the National Bureau of 
Standards except that those shown in the last column are those given in Specification B33 of 
the American Society for Testing Materials. . 

The resistance values given in the last two columns are applicahle only to direct current. 
When conductors larger than No. 4/0 are used with alternating current the following multiply
ing factors should be used to compensate for skin effect. 
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Table 18-a-Multiplying Factors for Converting D.C. Resistance' 
to A.C. Resistance 

Size 
Multiplying Factor 

CM 25 CyCles 60 Cycles 

250000 ----- 1.005 
300000 ----- 1.006 
350000 ----- 1.009 
400000 ----- 1.011 
500000 ----- 1.018 

600000 1.005 1.025 
700000 1.006 1.034 
750000 1.007 1.039 
800000 1.008 1.044 
900000 1.010 1.055 

1000000 1.012 1.067 
1250000 1.019 1.102 
1500000 1.027 1.142 
1750000 1.037 1.180 
2000000 1.048 1.233 

Table 19-Dimensions of Conduit or Tubing 

Internal Area Internal Area 
Size Diameter Square Size Diameter Square 

Inches Inches Inches Inches 

~ .622 .30 3 3.068 7.3R 
~ .824 .53 3~ 3.548 9.90 

1 1.049 .86 4 4.026 12.72 
Hi 1.380 1.50 4~ 4.506 15.95 
1~ 1.610 2.04 5 5.047 20.00 
2 2.067 3.36 6 6.065 28.89 
2~ 2.469 4.79 
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Table '20-Condllctor Sizes and Overcurrent Protection for Motors 
See Tables 26 and 27, Chapter 10 

These values are in accordance with Orders 18-4309, 13-4312, 13-4322, 18-4324, 
13-4342, and 18":'4849, except as follows: The current values in Column 1 are to be 
taken from Tables 21 to 24, including footnotes, but the values shown for running 
protection in Columns 5 and 6 must be modified if nameplate full load current values 
are different, as provided in Order 18-4809. Conductor sizes shown in Columns 2 and 3 
may be smaller 'for certain motors as provided in Order 18-4812. The current values 
shown in Columns 5 and 6 must be reduced by 8 per cent for all motors other than 
open type motors marked to have a temperature rise not over 40· C. as required by 
Order 18-4822. For certain exceptions to the values in Columns 7, 8, 9, and 10, see 
Orders 18-4842 and 18-4:l49. See Order 1:l-484H for values to be lIsed for severul 
motors on one branch circuit. 

Col. No.1 2 8 5 6 7 8 9 10 
Maximum Allowable Rating or Setting of Branch Circuit 

Protective Devices 

WITH CODE WITH CODE WITH CODE WITH CODE 
LETTERS LETTERS LETTERS LETTERS 

Sinte-phase Single-phase Squirrel cage AU motors, 
an squirrel and squirrel and synchro- Code letter 

cage and syn- cage and syn- noUB. Auto- A. 
For Running chronous. FuU chronous. Full transformer WITHOUT 
Protection of voltage, resis- voltage, resis- starting, Code CODE LETTERS 
Motors**** tor and reactor tor or reactor letters B to E DC and 

Minimum size starting, Code starting, Code inc. wound-rotor 
conductor in letters F to V letters B to E WITHOUT motoTa. 

raceways inc. inc. CODE LETTERS 
FuUload For conductors Maxi- Maxi- WITHOUT Auto-trans- Squirrel cage 
current in air or for mum mum CODE LETTERS former starting and synchro-

rating of other insula- rating setting Same as above. Code letters nons auto-
motor tions see tables of of ad- F to V inc. transformer 

amperes 1 and 2 non- Justable WITHOUT starting. High 
AWGandMCM adjust- protec- CODE LETTERS reactance 

able tive Squirrel cage squirrel cage.*** 
protec- devices and syn- Both more than 

tlve chronous, auto- 30 amperes 
devices transformer 

starting. High. 
reactance 

TypeR Type Am- Am- s~~t6e~~:~~::* 
TypeT RH peres peres than 80 amperes 

1** 14 14 2* 1.25* 15 15 15 15 
2** 14 14 3* 2.50* 15 15 15 15 
3** 14 14 4* 3.75* 15 15 15 15 
4** 14 14 6* 5.0 * 15 15 15 15 

5** 14 14 8* 6.25* 15 15 15 15 
6** 14 14 8* 7.50* 20 15 15 15 
7 14 14 10* 8.75* 25 20 15 15 
8 14 14 10* 10.0 * 25 20 20 15 

9 14 14 12* 11.25* 80 25 20 15 
10 14 14 15* 12.50* 80 25 20 15 
11 14 14 15* 18.75* 85 80 25 20 
12 14 14 15 15.00 40 30 25 20 

-----
13 12 12 20 16.25 40 35 30 20 
14 12 12 20 17.50 45 35 30 25 
15 12 12 20 18.75 45 40 30 25 
16 12 12 20 20.00 50 40 85 25 

-----
17 10 10 25 21.25 60 45 35 30 
18 10 10 25 22.50 60 45 40 30 
19 10 10 25 28.75 60 50 40 30 
20 10 10 25 25.0 60 50 40 30 

----- -22 10 10 30 27.50 70 60 45 35 
24 10 10 80 80.00 80 60 50 40 
26 8 8 85 82.50 80 70 60 40 
28 8 8 85 35.00 90 70 60 45 

See footnotes at end of Table. 
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Table 20-Conductor Sizes and Overcul'l'ent Protection for Motors (Cont'd.) 

Co\. No.1 2 3 5 6 7 8 9 10 
Maximum Allowable Rating or Setting of Branch Circuit 

Protective Devices 

WITH CODE WITH CODE WITH CODE WITH CODE 
LETTERS LETTERS LETTERS LETTERS 

Single-phaBe Single-phase Squirrel cage All motors, 
and Bquirrel and squirrel and synchro- Code letter 

cage and syn- cage and syn- nous. Auto- A. 
For Running chronouB. Full chronous. Full transformer WITHOUT 
Protection of voltage, resis- voltage, resis- starting, Code CODE LETTERS 
Motors**** tor and reactor tor or reactor letters B to E. DC and 

Minimum size starting, Code starting, Code inc. wound-rotor 
conductor in letters F to V letters B to E WITHOUT motors. 

raceways inc. inc. CODE LETTERS 
Full load For conductors Maxi- Maxi- WITHOUT Auto-trans- Squirrel cage 
current in air or for mum mum CODE LETTERS former starting and syncbro-

rating of other inBula- rating Betting Same as above. Code letterB nous auto-
motor tions Bee tables of of ad- F to V inc. transformer 

amperes 1 and 2 non- justable WITHOUT starting. High 
AWGandMCM adjust- protee- CODE LETTERS reactance 

able tive Squirrel cage squirrel cage.*** 
protec- devices and syn- Both more than 

tive chronous, auto- 30 amperes 
devices transformer 

starting. High 
reactance 

squirrel cage. *** 
TypeR Type Am- Am- Both not more 
TypeT RH peres peres than 30 amperes 

30 8 8 40 37.50 90 70 60 45 
32 8 8 40 40.00 100 80 70 50 
34 6 8 45 42.50 110 90 70 60 
36 6 8 45 45.00 110 90 80 60 

38 6 6 50 47.50 125 100 80 60 
40 6 6 50 50.00 125 100 80 60 
42 6 6 50 52.50 125 110 90 70 
44 6 6 60 55.0 125 110 90 .70 

46 4 6 60 57.50 150 125 100 70 
48 4 6 60 60.0 150 125 100 80 
50 4 6 60 62.50 150 125 100 80 
52 4 6 70 65.0 175 150 110 80 
54 4 4 70 67.50 175 150 110 90 

56 4 4 70 70.00 175 150 120 90 
58 3 4 70 72.50 175 150 120 90 
60 3 4 80 75.00 200 150 120 90 
62 3 4 80 77.50 200 175 125 100 

64 3 4 80 80.00 200 175 150 100 
66 2 4 80 82.50 200 175 150 100 
68 2 4 90 85.00 225 175 150 110 
70 2 3 90 87.50 225 175 150 110 

--
200 72 2 3 90 90.00 225 150 110 

74 2 3 90 92.50 225 200 150 125 
76 2 3 100 95.00 250 200 175 125 
78 1 3 100 97.50 250 200 175 125 

- -
80 1 3 100 100.00 250 200 175 125 
82 1 2 110 102.50 250 225 175 125 
84 1 2 110 105.00 250 225 175 150 
86 1 2 110 107.50 300 225 175 150 

88 1 2 110 110.00 300 225 200 150 
90 0 2 110 112.50 300 225 200 150 
92 0 2 125 115.00 300 250 200 150 
94 0 1 125 117.50 300 250 200 150 

96 0 1 125 120.00 300 250 200 150 
98 0 1 125 122.50 300 250 200 150 

100 0 1 125 125.00 300 250 200 150 
105 00 1 150 131.5 350 300 225 175 

110 00 0 150 137.5 350 300 225 175 
115 00 0 150 144.0 350 300 250 175 
120 000 0 150 150.0 400 300 250 200 
125 000 00 171; 156.5 400 350 250 200, 
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Table 20-Conductor Sizes and Overcul'l'ent Protection for Motors (Cont'd.) 

Col. No.1 

Full load 
current 

rating of 
motor 

amperes 

2 3 

Minimum size 
conductor in 

raceways 
For conductors 

in air or for 
other insula

tions see tables 
1 and 2 

AWGandMCM 

6' 

For Running 
Protection of 
Motors**** 

Maxi- Maxi
mum mum 
rating setting 

of of ad-
non- iustable 

adiust- protec-
able tive 

pro tec- devices 
tive 

deviees 

7 R 9 10 
Maximum Allowable Rating or Setting of Branch Circuit 

Protective Devices 

WITH CODE 
LETTERS 

Single-phase 
and squirrel 

cage and svn
chronous. Full 
voitag-e, resis
tor and reactor 
starting. Code 
letters F to V 

inc. 
WITHO'JT 

CODE LETTERS 
Same as above. 

WITH CODE WITH CODE 
LETTERS LETTERS 

Single-pbase Squirrel cage 
and squirrel' and synchro-

cage and syn- nous. Auto-
chronous. Full transformer 
voltage, resis- starting, Code 

. tor or reactor letters B to E 
starting, Code inc. 
lett.ers B to E WITHOUT 

inc. CODE LETTERS 
Auto-trans- Squirrel cage 

former starting and synchro-
Code letters nous auto-
F to V inc. transformer 
WITHOUT starting. High 

CODE LETTERS reactance 
Squirrel cage squirrel cage. *** 

and syn- Both more than 
chronous, auto- 30 amperes 

transformer 
starting. High 

reactance 

WITH CODE 
LETTERS 

All motors, 
Code letter 

A. 
WITHOUT 

CODE LETTERS 
DC and 

wound-rotor 
motors. 

squirrel cage.*** 
Type R Type Am- Am- Both not more 
Type T RH peres peres than 30 amperes 

------- -~----~~I----------I----------I-----------I----------I-----------
130 000 00 175 162.5 400 350 300 200 
135 0000 00 175 169.0 450 350 300 225 
140 0000 00 175 175.0 450 350 300 225 
145 0000 000 200 181.5 4~0 400 300 225 
150 0000 000 200 187.5 450 400 300 225 

155 0000 000 200 194.0 500 400 350 250 
160 250 000 200 200.0 1i00 400 350 250 
165 250 0000 225 206. 500 450 350 250 
170 250 0000 225 213. 500 450 350 300 

175 300 0000 225 219. 600 450 350 300 
180 300 0000 225 225. 600 450 400 300 
185 300 0000 250 231. 600 500 400 300 
190 300 250 250 . 238. 600 500 400 300 

195 350 250 250 244. 600 500 400 300 
200 350 250 250 250. 600 500 400 300 
210 400 300 250 263. _ _ _ 600 450 ggg. 
220 400 300 300 275. _ _ _ 600 450 

~~g 500 300 300 288. _ _ _ 600 500 :gg 
500 350 300 300. _ _ _ 600 500 

250 500 350 300 313. ___ ___ 500 400 
260 600 400 350 325. ___ ___ 600 400 

1--------
270 
280 
290 
300 
320 

340 
360 
380 
400 

420 
440 
460 
480 
500 

600 400 350 338. _ _ _ _ _ _ 600 450 
600 500 350 350. __ _ _ _ _ 600 450 
700 500 350 363. ___ ___ 600 450 
700 500 400 375. ___ ___ 600 450 
750 600 400' 400. ___ ___ ___ 500 

900 600 450 425. / "__ ___ ___ 600 
1000 700 450 450. ___ ___ ___ 600 
1250 750 500 475. ___ ___ ___ 600 
1500 900 500 500. ___ ___ ___ 600 

1750 1000 600 525. 
2000 1250 600 550. 

1250 600 575. 
1500 600 600. 
1500 _ _ _ 625. 

*For running protection of motors of 1 horsepower or less, see order 13-4322. 
**For the grouping of small motors under the protection of a single set of fuses, see order 13-4343. 

'**High-react.ance squirrel-cage motors are those designed to limit the starting current by means of deep-slot 
ondaries or double-wound secondaries and are generally started on full voltage. 
'***For the running protection of motors, see order 13-4322. 
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Table 21-I?ull-Load Current* 
nlr,,<'t-()urrent Motor,. 

HP 115V 230V 

% 4.6 2.3 
%: 6.6 3.3 

1 8.6 4.3 
-------- ----------

1% 12.6 6.3 
2 16.4 8.2 
3 24. 12. 

-----------
5 40. 20. 
7% 58. 29. 

10 76. 38. 
-------- -----------

15 112. 56. 
20 148. 74. 
25 184. 92. 

30 220. 110. 
40 292. 146. 
50 360. 180. 

60 430. 215. 
75 536. 268. 

100 355. 
---------- ----------

125 443. 
150 534. 
200 712. 

*These values (or full-load currenl. are average for all speeds. 

-
HP 

1/6 
U 
% 
%: 

1 

1% 
2 
3 

5 
7% 

10 

Table 22-I?ull-Load Current* 

Single-Phase A.G. I\lot;'rH 

115V 230V 

3.2 1.6 
4.6 2.3 
7.4 3.7 

10.2 5.1 
13. 6.5 

----------- ------------
18.4 9.2 
24. 12. 
34. 17. 

56. 28. 
80. 40. 

100. 50. 

550V 
---------

1.4 
1.8 

______ 0 __ -

2.6 
3.4 
5.0 

----------
8.3 

12.0 
16.0 

23.0 
31. 
38. 

46. 
61. 
75. 

----------
90. 

111. 
148. 

------------
184. 
220. 
295. 

440V 

___ 0------_·_- ___ 

---------
21. 
26. 

For full-load currents of 208 and 200-volt motors, increase corresponding 230-volt motor 
full-load current by 10 and 15 per cent, respectively. 

*These values of full-load current are for motors runnlng·at speeds usual for belted motors 
and motors with normal torque characteristics. Motors built for especially low speeds or high 
torques may require more running current, in which case the nameplnte current rating should 
be used. 



317 

'l'able 23-Full-Load CUrI'ellt* 

'1'"'o-PhnRe A.e. l\lotorN (4-wlre) 

Induction Type Synchronous Type 
Squirrel-Cage and Wound Rotor tUnity Power Factor 

Amperes Amperes 
---- --------------- ------------

HP 110V 220V 440V 550V 2300V 220V 440V 550V 2300V 
---- --------------- ------------

~ 4 2 .1 .8 
4.8 2.4 1.2 1.0 

1 6.4 3.2 1.6 1.3 
--- --------------- ------------

1% 8.8 4.4 2.2 1.8 
2 11.2 5.6 2.8 2.2 
3 8 4 3.2 

--- ---------------- -------------
5 13 7 6 
7% 19 9 8 

10 24 12 10 --- ---------------- ---- -----------
15 34 17 14 
20 45 23 18 
25 55 28 22 6 47 24 19 4.7 

---- --------------- ---------- ----
30 67 34 27 7.5 56 29 23 5.7 
40 88 44 35 9 75 37 al 7 
50 108 54 43 11 94 47 38 9 

--- --------------- ------------
60 129 65 52 13 111 56 44 11 
75 158 79 63 16 140 70 57 13 

100 212 106 85 21 182 93 74 17 
--- ---------------- ------------

125 268 134 108 26 228 114 93 22 
150 311 155 124 31 137 110 26 
200 415 208 166 41 182 145 85 

'These values of full-load current are for motors running at speeds usual for belted motors 
and motors with normal torque characteristics. Motors built for especially low speeds or high 
torques may require more running current, in which case the nameplate current rating should 
be used. Current in common conductor of 2-phase, 3-wire system will be 1.41 times value given. 

tFor 90 and 80 per cent P. F. the above figures should be multiplied by 1.1 and 1.25 re
spectively. 
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'fable 24-Full-Load CUrl'ent* 

'l'lU'ee-PllRse A.C. Motors 

Induction Type Synchronous Type 
Squirrel-Cage and Wound Rotor tUnity Power Factor 

Amperes Amperes 
--- --------------- ------------

HP 110V 220V 440V 550V 2300V 220V 440V 550V 2300V 
--- --------------- ------------

~ 4 2 1 .8 
:li 5.6 2.8 1.4 1.1 

1 7 3.5 1.8 1.4 
--- --------------- ------------

1~ 10 5 2.5 2.0 
2 13 6.5 3.3 2.6 
3 9 4.5 4 

--- --------------- ------------
5 15 7.5 6 
7~ 22 11 9 

10 27 14 11 
--- --------------- ------------

15 40 20 16 
20 52 26 21 
25 64 32 26 7 54 27 22 5.4 

--- --------------- ------------
30 78 39 31 8.5 65 33 26 6.5 
40 104 52 41 10.5 86 43 35 8 
50 125 63 50 13 108 54 44 10 

--- --------------- ------------
60 150 75 60 16 128 64 51 12 
75 185 93 74 19 161 81 65 15 

100 246 123 98 25 211 106 85 20 
--- --------------- ------------

125 310 155 124 31 264 132 106 25 
150 360 180 144 37 158 127 30 
200 480 240 192 48 210 168 40 

For full-load currents of 208 'and 200 volt motors, increase the corresponding 22o-volt 
motor full-load current by 6 and 10 per cent, respectively. 

*These values of full-load current are for motors running at speeds usual for belted motors 
and motors with normal torque characteristics. Motors built for especially low speeds or high 
torques may require more running current, in which case the nameplate current rating should 
be used. 

tFor 90 and 80 per cent P. F. the above figures should be multiplied by 1.1 and 1.25 re-
spectively. . 
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Table 26-Maximum- Rating or Setting of Motor-Branch-Circuit 
Protective Devices for Motors Marked with a Code Letter 

Indicating Locked Rotor RV A -

Type of Motor 

All AC single-phase and polyphase squirrel cage 
and synchronous motors with full-voltage, re
sistor or reactor starting: Code Letter A ________________________ _ 

Code Letter B to E ___________________ _ 
Code Lettar F to V ____________________ _ 

All AC squirrel cage and synchronous motors 
with auto-transformer starting: Code Letter A ________________________ _ 

Code Letter B to E ___________________ _ 
Code Letter F to V ____________________ _ 

Per Cent of Full-Load Current 
Fuse Rating Circuit-Breaker Setting 

(See also rnstan- Time 
Table 20, Col- taneous Limit 

umns 7, 8, 9, 10) Type Type 

150 
250 
300 

150 
200 
250 

150 
'200 
250 

150 
200 
200 

For certain exceptions to the values specified see orders 18-4342 and 13-4349. The values 
given in the last column also cover the ratings of non-adjustable, time-limit types of circuit
breakers which may also be modified as in order 13-4342. 

- Synchronous motors of the low-torque, low-speed type (usually 450 RPM or lower), such 
as are used to drive reciprocating compressors, pumps, etc., which start up unloaded, do not 
require a fuse rilting or circuit-breaker setting in excess of 200 per cent of full-load current. 

For motors not marked with a Code Letter, see Table 27. 

Table 27-Maximum 'Rating or Setting of Motor-Branch-Circuit 
Protective Devices for Motors not Marked with a Code 

Letter Indicating Locked Rotor RV A 

Type of Motor 

Single-phase, all types _____________________ _ 
Squirrel-Cage and synchronous (full-voltage, re-

sistor and reactor starting) _______________ _ 
Squirrel-cage and synchronous 

(auto-transformer starting) 
Not more than 30 amperes _______ : _____ _ 

_ More than 30 amperes _________________ _ 
High-reactance squirrel-cage 

Not more than 30 amperes _____________ _ 
More than 30 amperes _________________ _ 

Wound-rotor _____________________________ _ 
Direct-current 

Not more than 50 H.P. ________________ _ 
More than 50 H.P. ____________________ _ 

Per Cent of Full-Load Current 
Fuse Rating Circuit-Bre-aker Setting 

(See also Instan- Time 
Table 20, Col- taneoUB Limit 
umns 7, 8, 9, 10) Type Type 

300 250 

300 250 

250 200 
200 200 

2[,0 250 
200 200 
150 150 

150 250 150 
150 175 150 

For certain exceptions to the values specified see orders 13-4342 and 13-4349. 'l'he values 
given in the last column also cover the ratings of non-adjustable, time-limit types of circuit
breakers which may also be modified as in order 13-4342. 

Synchronous motors of the low-torque low-speed type (usually 450 R.P.M. or lower) such 
as are used to drive reciprocating compressors, pumps, etc., which start up unloaded, do not 
require a fuse ruUng or circuit-breaker sctting in excess of 200 per cent ot full-loaQ currpnt. 

For mot.ors marked with u Code Letter, see Tahle 26. 
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Table 28-Number of Overcurrent Units, Such as Trip Coils or 
Relays, for Protection of Circuits . 

(See Diagrams 1 to 19) 

(See Order 13-2405 for the overcul'rent protection of conductors in gen
eral, Order 13-2371 for Services and Order 13-4327 for Motors) 

Systems 

2-Wire, Single-phase A.C. or D.C. 
Ungrounded. 

2-Wire, Single-phase A.C. or D.C., One Wire 
Grounded. 

2-Wire, Single-phase A.C. or D.C., Mid
point Grounded. 

2-Wire, Single-phase A.C. Derived from 3-
Phase, with Ungrounded Neutral. 

2-Wire, Single-phase Derived from 3-Phase, 
Grounded Neutral System by Using out
side Wires of 3-Phase Circuit. 

!I-Wire, Single-phase A.C. or D.C. 
Ungrounded Neutral. 

3-Wire, Single-Phase A.C. or D.C. Grounded 
Neutral. 

a-Wire, 2-Phase, A.C., Common Wire Un
grounded. 

3-Wire, 2-Phase, A.C., Common Wire 
Grounded. 

4-Wire, 2-Phase, Ungrounded, Phases 
Separate. 

4-Wire, 2-Phase, Grounded Neutral, or 5-
Wire, 2-Phase, Grounded Neutral. 

3-Wire, 3-Phase, Ungrounded. 
3-Wire, 3-Phase, 1 Wire Grounded. 

3-Wire, 3-Phase, Grounded Neutral. 
:1-Wire, 3-Phase, Mid-point of one phase 

grounded. 
4-Wire, 3-Phase, Grounded Neutral. 

4-Wire, 3-Phase, Ungrounded Neutral. 

*Number and Location of 
Overcurrent Units 

.Two (one in each conductor. Fig. 1). 

One (in ungrounded conductor. Fig. 2). 

Two (one in each conductor. I·'ig. 3). 

'rwo (one in each conductor. Fig. 4). 

'J'wo (one in each conductor Fig. 5). 

'I'hree (one in each conductor. Fig. 6). 

'rWQ (one in each conductor except. neutral 
conductor. Fig. 7). 

Three (one in each conductor. Fig. 8). 

Two (one in each conductor except common 
conductor. Fig. 9). 

Four (one in each conductor. Fig. 10). 

Four (one in each conductor except neutral 
conductor. Figs. H'and 12). 

Three (one in each conductor. Fig. **13). 
'fwo (one in each ungrounded conductor. 

Fig. 14). 
Three (one in each conductor. Fig. **15). 
'1'hree (one in each conductor. Fig. **17). 

Three (one in each ungrounded conductor. 
Fig. **18). 

Four (one in each conductor. Fig. 19). 

*1. An "overcurrent unit may con.qist of a series overcurrent tripping device or the com
bination "'of a current transformer and a secondary over-current tripping device. Either two or 
three secondary overcurrent tripping devices may be used with three current transformers on a 
3-phase system similar to those shown in Figures 15 and 18. 

**2. When three current transformers are used instead of three series overcurrent tripping 
devices shown in Figures 13, 15, 17 and 18, the secondary tripping devices may consist of three 
secondary overcurrent tripping devices or two secondary overcurrent tripping devices with a 
residual current tripping device of a lower range. See Figure 16. 

3. Where standard devices are not availahle with three or four overct\l'rent units as required 
in the table, it is permissible to substitute two overcurrent units and one fuse where three over
current units are called for, two overcurrent units and two fuses where four overcurrent units 
are called for. The fuse or fuses are to be placed ih the conductors not containing an ovel'CUl'rent 
unit. This practice, however, or substituting fuses for ovprcurl'ent units is to he discouragerl 
for ohvious rpusons. 
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Table' 29-Demand Loads fol' Household Electric Ranges and Othel' 
Household Cooking Appliances Over 1 % kw Rating 

Column A to be used in all cases except as othenvise permitted 
in Note 4 below 

Numbe.r of Ranges 

Maximum 
Demand 

(See Notes) 

COLUMN A 
(Not over 12 
kw Rating) 

L__ ___________________ 8 kw 
2_______________________ 11 kw 
3 ______________________ . 14 kw 
4 .. _ .. _. ____________ . __ . 17 kw 
5 __ .. _ _. _______ . ____ . 20 kw 
6._ .... ________________ 21 kw 
7._ .. __ ._______________ 22 kw 
8._ .. _. __________ . 23 kw 
9. __ ._. 24 kw 

10._. __ . ___ . __ . _____ .___ 25 kw 
1L_._ 26 kw 
12 __ ._ .. _ . ____ ._____ 27 kw 
13 __ .. _._ ... _ ___________ 28 kw 
14 __ . __ . 29 kw 
15 __ .. _ ... ______ . _____ ._ 30 kw 
16. __ ._ ... _._._._________ 31 kw 
17 __ .... ___ ._____________ 32 kw 
18 ___ ._._._. ___ ._________ 33 kw 
19. __ ._._._._.___________ 34 kw 
20 ___ ..... _._._. 35kw 
2L __ ..... _._._. 36 kw 
22. __ ... _. _____ . ___ ._____ 37 kw 
23 ___ .. _ .. _._._._._._._._ 38 kw 
24 ___ ._ ... _._._._._. 39 kw 
25_._ ....... _ ... ___ ._._._ 40 kw 

26-30_. __ ...... _._ ... _._15 kw plus 1 kw 
31-40_._ .. _._ .. _ ... _._._. ___ for each range 
41-50 ____ ..... 25 kw plus U 
51-60_._ ... _...... kw for each 
61 and over ____ . range 

Demand Factors (See Note 4) 

COLUMN B 
(Less than 3 >1 

kw Rating) 

80% 
75% 
70% 
66% 
62% 
59% 
56% 
53% 
51% 
49% 
47% 
45% 
43% 
41% 
40% 
39% 
38% 
37% 
36% 
35% 
34% 
33% 
32% 
31% 
30% 
30% 
30% 
30% 
30% 
30% 

COLUMN C 
(3Y. kw to 8U 

kw Rating) 

80% 
65% 
55% 
50% 
45% 
43% 
40% 
36% 
35% 
34% 
32% 
32% 
32% 
32% 
32% 
28% 
28% 
28% 
28% 
28% 
26% 
26% 
26% 
26% 
26% 
240/" 
22% 
20% 
18% 
16% 

Note 1. Over 12 kw to 21 kw ranges all of same kw rating. For ranges, individuaIly rated 
more than 12 kw but not more than 21 kw, the maximum demand in Column A shalI be increased 
5 per cent for each additional kw of rating or major fraction thereof by which the rating of 
individual ranges exceeds 12 kw. 

Note 2. Over 12 kw to 21 kw ranges of unequal ratings. For ranges indivldualIy rated 
more than 12 kw and of different ratings but none exceeding 21 kw an average value of rating 
shalI be calCUlated by adding together the ratings of alI ranges to obtain the total connected load 
(using 13 kw for any range rated less than 12 kw) and dividing by the total number of ranges; 
and then the maximum demand in Column A shall be increased 5 per cent Cor each kw 01' major 
fraction thereof by which this averag-e value exceeds 12 kw. 

Note 3. GeneralIy, the demand for commercial ranges shou~d be basel on the maximum 
nameplate rating. 

Note 4. Over lU kw to 8U kw. In lieu of the method provided in Column A, the· load 
for ranges individuaIly rated more than 1U kw but not more than 8U kw may be considered 
as the sum of the nameplate ratings of all the ranges, mUltiplied by the demand factors specified 
in Columns B or C for the given number of ranges. 

Note 5. Branch Circuit Load. Branch circuit load for one I'ange may be computed ill 
a('('ordance with the above table. . 

(/lee examples 6 and 7.1 



Table 30-Capacitor Ratings for Use With Open-Type Three-Phase Sixty Cycle Induction Motors 
See Order 13-4606 

3600 RPM* 1800 RPM* 1200 RPM* 900 RPM* 720 RPM* 600 RPM* 

Mot.or Rating Max. Reduction Max. Reduction Max. Reduction Max. Reduction Max. Reduction Max. Reduction 
HP Capacitor in Line Capacitor in Line Capacitor in Line Capacitor in Line Capacitor in Line Capacitor in Line 

Rating Current Rating Current Rating Current Rating Current Rating Current Rating Current 
Kva % Kva % Kva % Kva % " Kva % Kva % 

10 2.5 9 4. 11 4. 12 5. 17 5. 23 7.5 28 
15 2.5 9 5. 11 5. 11 7.5 16 7.5 21 10. 26 
20 5. 9 5. 10 5. 11 7.5 15 10. 20 12.5 24 
25 5. 9 7.5 10 7.5 10 10. 14 10. 19 15. 22 
30 7.5 9 10. 9 10. 10 10. 13 12.5 18 15. 21 
40 10. 9 10. 9 10. 10 12.5 12 15. 16 17.5 19 
50 12.5 9 12.5 9 12.5 9 15. 12 20. 15 22.5 17 
60 15. 9 15. B 15. 9 17.5 11 22.5 14 25. 16 
75 17.5 9 17.5 8 17.5 8 20. 11 27.5 13 30. 15 

100 22.5 9 22.5 8 22.5 8 25. 10 35. 12 37.5 14 
125 25. 9 27.5 8 ~7.5 8 30. 9 40. 11 47.5 13 
150 32.5 9 35. 8 35. 8 37.5 9 47.5 11 55. 13 
200 42.5 9 42.5 8 42.5 8 45. 9 60. 10 67.5 12 

*Synchronous speed. 
If capacitors of a lower rating than the values given in the table are used, the percentage reduction in line current given in the table shall be reduced a cor

responding amount. 



Trade Name Type Size 
Letter AWG 

Asbestos Covered Tinsel AT See 27 
Cord Note 3 

Cotton Covered Tinsel CT See 
Cord Note 3 27 

Rubber Jacketed Tinsel ATJ See 
Cord Note 3 

27 
CTJ See 

Note 3 

Asbestos-Covered Heat- AFC 
Resistant Cord 18,16 

AFPO 14 

AFPD 

Cotton-Covered Heat- CFC 
Resistant .Cord 18,16 

CFPO 14 

CFPD 

See Notes at end of Table. 

Table 31-Flexible Cord 
(See Order 13-4002) 

Braid on 
No. of Insulation Each 

Conductors Conductor 

2 or 3 Rubber and Cotton 
Asbestos 

None 

2 or 3 Rubber Cotton 

Rubber and 
Asbestos None 

2 or 3 
Rubber Cotton 

20r3 Cotton 
Impregnated or Rayon 

2 Asbestos 
None 

2 or 3 

2 or 3 Cotton or 
Impregnated Rayen 

2 Cotton 

2 or 3 None 

(i)uter Covering Use 

None Attached Dry Not Hard 
to a Places Usage 

Cotton or Rayon Device 

Attached Dry Not Hard 
Gotton or Rayon to a 

Device 
Places Usage 

Attached Damp Not Hard 
Rubber to a Places Usage 

Device 

None Pendant 
Dry Not Hard 

Places Usage 
Cotton;> Rayon or 

Saturated Asbestos 

None 
Pendant Drv Not Hard 

Places Usage 

COttOR or Rayon 



Braid on 
Trade Name Type Size No. of Insulation Each Outer Covering Use 

Letter AWG Conductors Conductor 

Parallel Cord PO-64 18 See Note 2 
Dry Not Hard 

PO-32 18,16 2 Rubber Cotton Cotton or Rayon Places LJs~ ,,' 
Pendant 

PO 14 and over or Port. 

All Rubber Parallel Cord POSJ-64 18 Pendant Damp Not Hard 
2 Rubber None Rubber or Places Usage 

POSJ-32 18,16 Portable 

All Plastic Parallel Cord POT-64 18 Pendant Damp Not Hard 
2 Thermoplastic None Thermoplastic or Places Usage 

POT-32 18,16 Portable 

Lamp Cord C 18 and over 2 or more Rubber Cotton None Pendant Dry Not Hard 
or Port. Places Use 

Armored Cord CA 18,16 2 Rubber Cotton Fibrous and Metal Pendant Dry Hard 
14 Armor or Port. Places Usage 

Twisted Portable Cord PD 18 and over 2 or more Rubber Cotton Cotton or Rayon Pendant Dry Not Hard 
or Port. Places Usage 

-
Reinforced Cord P-64 18 Pendant Not Hard 

or Dry. Use 
P-32 18,16 2 or more Rubber Cotton Cotton over Rubber Portable Places 

Filler Hard 
P 14 and over Usage 

See Notes at end of Table. 



Braid on 
Trade Name Type Size No. of Insulation Each Outer Covering Use 

Letter AWG Conductors Conductor 

Moisture-Proof Reinforced PWP-64 18 Cotton, Moisture- Pendant Not Hard 
Cord Resistant Finish or Damp Use 

PWP-32 18,16 2 or more Rubber Cotton over Rubber Filler Portable Places 
Hard 

PWP 14 and over Usage 

Braided Heavy Duty Cord K See Two Cotton, Moisture- Pendant Damp Hard 
Note 4 18 and over 2 or more Rubber Cotton Resistant Finish or Places Gsage 

See Note 5 Portable 

Vacuum Cleaner Cord SV Rubber Rubber Pendant Damp Hard 
18 2 None or Places Usage 

SVT Thermoplastic Thermoplastic Portable ("' 

C 
Junior Hard Service Cord SJ Rubber 

2,3 or 4 Rubber Pendant Damp Hard 
SJO 18,16 None Oil Resist. Compound or Places Usage 

Portable 
SJT Thermoplastic Thermoplastic 

Hard Servi ce Cord S See Note 6 Rubber Rubber 

SO None Oil Resist. Compound 
Pendant Damp Extra 

, ST 18 to 2 or more Thermoplastic Thermoplastic or Places Hard 
10 incl. Portable Usage 

SU 90% Unmilled Rubber 
Grainless Cotton or 

SUO Rubber Rayon Oil Resist. Compound 

See Notes at end of Table. 



Braid on 
Trade Name Type Size No. of Insulation Each Outer Covering Use 

Letter AWG Conductors Conductor 

Rubber-Jacketed Heat- AFSJ 18,16 
Resistant Cord 2 or 3 Impregnated None Rubber Portable Damp Portable 

AFS 18,16,14 Asbestos Places Heaters 

Heater Cord HC 18,17,16, Rubber and Cotton None Dry Portable 
15,14 2 or more Asbestos Portable Places Heaters 

HPD None Cotton or Rayon 

Rubber Jacketed Heater HSJ 18,17,16, 2 or more Rubber and None Cotton and Rubber Damp Portable 
Cord 15,14 Asbestos Portable Places Heaters 

Heat and Moisture AVPO 18 to 10 2 Asbestos Asbestos, Flame- Ret. Pendant Damp Not Hard 
Resistant Cord incl. and Var. None Moisture. Resistant or Places Usage 

AVPD 2 or 3 Camb. Portable 

Elevator Cable E See Three Cotton, Outer 
Note 7 one Flame Retardant Non-Hazardous 

18 and over Rubber Cotton and Moisture Resist. Locations 
See Note 5 Elevator 

EO One Cotton and a Lighting Hazardous 
See Neoprene Jacket and Locations 
Note 7 2 or more See Note 5 Control 

ET 16 and over Thermoplastic Rayon Three Cotton, Outer 
See one Flame Retardant. Non-Hazardous 
Note 7 and Moisture Re- Locations 

sistant. See Note 5 

See Notes on n<,xt page. 
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NOTES TO TABLE 31 
1. Except for types AFPO, CFPO, PO-64, 1'0-32, PO, 1'OSJ-64 and 

POSJ-32, and POT-64, POT-32, and A VPO individual conductors are 
twisted together. 

·2. Type PO-64 is for use only with portable lamps, portable radio 
receiving appliances, portable clocks and similar appliances which are 
not liable to be moved frequently and where appearance is a con
sideration. 

3. Types AT, CT, ATJ and O'l.'J are suitable for use in lengths not 
exceeding eight feet when attached directly, or by means of a special 
type of plug, to a portable appliance rated at 50 watts or less and of 
such a nature that extreme flexibility of the cord is essential. Types AT 
and ATJ are for use only with heatmg appliances. 

4. Type K is suitable for use on theatre stages. 
5. Rubber-filled or varnished cambric tapes may be substituted for the 

inner braids. 
6. Types S, SO, SU, SUO and ST are suitable for use on theatre stages, 

in garages and elsewhere where flexible cords are permitted by this code. 
7. Types E and EO may have a composite assembly of steel and copper' 

strands in the mal~e-up of the individual conductors or may have one 
01' more supporting fillers of cotton or hemp rope, or of cotton-covered 
or rubber-covered steel wire laid up with the conductors under the outer 
covering of the cable. In cables containing six or more conductors the 
steel supporting strands shall run straight through and not he cabled 
with the conductors. 

Table 32-Isolation by Elevation 
(See Order 13-7162) 

Oistance of Live Parts Aboye the Floor or Other Working Surface 

Voltage Between Phases 
600 __________________________________________________ _ 

2300 __________________________________________________ _ 
6600 __________________________________________________ _ 

11000 __________________________________________________ _ 
22000 __________________________________________________ _ 
33000 __________________________________________________ _ 
44000 __________________________________ , ________________ _ 
66000 ______ , ____________________________________________ _ 
88000 __________________________________________________ _ 

Minimum Vertical Clearance 
of Unguarded Parts 
Feet Inches 

8 
8 
8 
9 
9 
9 
9 

o 
o 
o 
o 
3 
6 

mggg:::::: ::: ::::::::::::::::::::: ::::::::: :::::::: :::: \ 
10 
11 
11 
12 

10 
5 
o 
7 
2 

Table 33-Working Space 
(See Order 13-7163. For voltages belOW 600, see Order 13-1112) 

Minimum Olear Space Adjacent to Live Parts 

Vol tage Between Phases 
600 __________________________________________________ _ 

2300 __________________________________________________ _ 
6600 __________________________________________________ _ 

11000 __________________________________________________ _ 
22000 __________________________________________________ _ 
33000 __________________________________________________ _ 
44000 __________________________________________________ _ 
66000 __________________________________________________ _ 
88000 __________________________________________________ _ 

mggg:::::::: ::: :::::' ::: :::: :::::::::: ::::::: :::::::::: 

Minimum Horizontal Clear
ance of Unguarded Part,. 

Feet Inch~. 

3 
3 
3 
3 
3 
4 
4 
4 
5 
6 
6 

2 
3 
4 
6 
9 
o 
4 

11 
6 
1 
8 
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'fable 34-Table of Dimensions of the National Electrical Code 
Rtandard Cartridge Enclosed Fuses 

(See Order 1:1-924111) 

-l f---- +-___ L __ -I 
1---- fI--

f I ----- ---

I STYLE OF' TERMINAL FOR CART-li 
RIDGE FUSES 0-60AMPS. 

A B C 

Distance Width 
Length between of 

Rated Over Contact Contact 
Voltage Capae-ity Terminals Clips Clips 

Amperes Ine-hes Inches Inches 
--------

'""' Not over 200 0-30 );i 2 1 ~ 31-60 0: 3 1'li Q 

r:<. 
-------------- ------

61-100 e-> 5?~ 4 Yo 
101-200 );i 7 y;( 4Y. 17:( 
201-400 0: R% 5 1'li Q 
401-600 r:<. 10 3 , 6 2hi -------

'""' Not OVPI' ROO 0-30 );i 5 4 Y. 
31-60 0:. oY. 47:( % Q 

r:<. 
------~--

61-100 "" 7', 6 " 101··200 );i 9' . 7 1'''( , 
201-400 0: 11'. 8 1'li Q 
401-600 r:<. 13 a, 9 2 I ~ 
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Table 34-Table of Dimensions of lhe National Electrical Code 
Standard Cartridge Enclosed Fuses (Cont'd) 

D 

Diameler of 
Ferrules or 

Thickness of 
Terminal Blades 

Inches 

9/16 
13/16 

% 
3(16 
Y.£ 
Y.£ 

13/16 
1-1/16 

% 
3/16 

~ 

(See Order 13-92401) 

STVLE OF" TERMINAL POlO CART
RIDGE FUSE.S 1>1-600 AMPS. 

E G 

Min. Length 
of Ferrules Width 

or of Terminal of 
Blades outside Terminal 

of Tube Blades 

Inches Inches 

Yo 
% 

1 U 
1% IV. 
1% 1% 
2Y.£ 2 

y,; 
% 

1 U 
1 ~i 1% 
1% 1% 
2Y.£ 2 

Raled 
Capacity 

Amperes 

M 

:; 0-30 

'" 31-60 0 
~ 

IN 61-100 
:; 101-200 

'" 201-400 0 
~ 401-600 

M 

:; 0-30 

'" 31-60 0 
~ 

IN 61-100 
:; 101-200 
f§ 201-400 
~ 401-600 

32tl 
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DIAGRAMS 

Diagrams I to 19 showing Number of Overcurrent Units such 

as Trip Coils or Reloys for the Protection of Circuits os 

required by Tobie 28. 

* * See Note 2 Tobie 28. 

FIG I FIG 2 

-------L-I-I--+ 

FIG 4 FI G 5 

FIG 6 FIG 7 f 
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~/ 

FIG ~ 
FIG 10 f 

FIG II 
FIG 12 

•• See Note 2 of Table 28. 
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--- ---+-+-.--

FIG 15** FIG 16 

FIGI7** 

- -----''----+-+-r----

FIG 18 ** 

~ ---

1
11;:= L ;; 

? 

~ > . 
C-------:r:-

" 

-------+-+-+-r
FIGI9 ldl 
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MOTOR FEEDER ANO BRANCH CIRCUITS 
Section 

Foeder Overcurrent 
Protection 
Order 13- 4362 

rrom 

Supply 

Motor 
Bronch- circuit 

Conductors 
Ord.or 13 - 4312 

/3- 430 

Feeder Conductors 
Order 13 - 4314 

MOTOR BRANCH CIRCUIT 
Overcurrent Protection 

O,de, 13-43411013-4349 

Disconnecting Means 
Order 13-4401 to 13-44i1 

"Motor- running Over
current Device 

Ordor 13-4321 1013-4333 

*Motor - Controller 
Order 13- 438110 13- 4390 

MOTOR 

Secondary Circuit for 
Wound- rotor Motors 

Secondary 
Circuit Conductors 

O,d" 13 - 4313 

1\' UHlol/)' mOf.lnftJd in 

Ille some case 

Fig; 20 

Secondary Controller 

Secondary Resistor 
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Examples 

SELECTION OF CONDUCTORS. In the following examples the size of conductor 
has been selected on the basis of the allowable current-carrying capacities 
tabulated in the second column of Table 1. If other types of insulated con
ductors are used, or if the conductors are run open, or with mOre than three 
conductors in a raceway, the size of conductor may vary from those shown. 
Tables 1 and 2 should be consulted in selecting the size of conductor for a 
particular Installation. 

VOLTAGE. For uniform application of the provisions of Sections 13-210 an<1 
13-220, a nominal voltage of 115 and 230 volts shall be used in computing the 
ampere load on the conductor. 

FRACTIONS OF AN AMPERE. Where the computations result: in a fraction of 
an ampere, such fractions may be dropped. 

RANGES. For the computation of the range loads in these examples Column 
A of Table 29 has been used. For optional method, see Columns Band C of 
Table 29. 

Examille No.1. Slng'Ie Family Dwelling 

Dwelling has a floor area of 2,500 square feet, exclusive of unoccupied 
ceUar, unfinished attic and open porches. It has a 12 kw range. 

COMPUTED LOAD (Order 13-2203) : 
General lighting load: 

2,500 square feet at 3 watts per square foot __________ 7,500 watts 
MINIMUM NUMBER OF BRANCH CIRCUITS REQUIRED 
(Order 13-2115): 

General lighting load: 7,500 + 115 ::= 65 amperes, or five 15-ampere 
2-wire circuits; or four 20-ampere 2-wire circuits. 

Small appliance load: One 2-wirc circuit of No. 12 wire. (See Order 
13-2115-B). 

MINIMUM SIZE FEEDERS (OR SERVICE CONDUCTORS) REQUIRED 

(Order 13-2201) : 
Computed load (Order 13-2203) : 

General lighting load _____________________________ _ 
Small appliance load _____________ .:. ________________ _ 

(See Order 13-2203 C-l). 

Total computed load (without range) _______ _ 
3,000 watts at 1000/0 ______________________________ _ 
9,000 minus 3,000 ::= 6,000 watts at 350/0 ___________ _ 

Net computed load (without range) _______ _ 
Range load (See Table 29 Column A) ______________ _ 

7,500 watts 
1,500 \\'att~ 

9,000 watts 
3,000 watbl 
2,100 watts 

5,100 watts 
8.000 watts 

Net computed load (with range) ____________ 13,100 watts 

For 115/230 volt, 3-wire system: 

13,000 +- 230 ::= 57 amperes. (See Orders 13-2201 amI 13-230~ for 
minimum size conductor) US(l No.4 service conductors. 

MINIMUM NUMBER RECEPTACLES REQUIHhlD (Order 13-2124) : 
LIVING ROOM: 16 feet by 22 feet; 76 feet total (gross) distallce around the 

room. 76 feet + 20 ::;: 3.8 or 4 receptacles. 
I'JACH BED ROOM: 14 feet by 15 feet; 58 feet total (gross) distance arounl] 

the room. 58 feet + 20 ::= 2.9 or 3 receptacles. 
·DINING ROOM: 16 feet by 16 feet; 64 feet total (gross) distance around tho 

room. 64 feet + 20 ::= 3.2 or 3 receptacles. 
"BREAKFAST ROOM: 10 feet by 12 feet; 44 feet total (grOsH) distance around 

the room. 44 feet + 20 ::= 2.2 or 2 receptacles. 
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"KITCHEN: 14 feet by 14 feet; 56 feet total (gross) distance around the room, 
66 feet + 20 == 2.8 or 3 receptacles. 
NOTE 1, Receptacles to be placed equal distances apart insofar as prac
ticable 
'NOTE 2, Receptacles in these locations, also laundry, to be supplie<i by 

circuit or circuits of not less than No. 12 wire, (Order 13-2116), 

Bxample No.2, Small ROlldfdde lrrultHtand ,\Vlth No Show Window" 

A small roadside fruitstand with no show windowK has a floor aI'''" of 1,,0 
square feet, The electrical load consists or gpnPl'" I lighting and a 1000 \\,H,tt 

noodlight, There are no other outlets, 

COMPUTED LOAD (Order la-2203) 
'General I,ighting 

150 Sq. ft. at 3 wattH/sq. ft. X 1.2" ,,6~ "",ttx 
(3 watts/sq. ft. for stOl'es) 

562 watts + 115 == 488 ampe,'es 
One 15 ampere 2 wire branch circuit required (Order 13-2116-

A-l) 

MINIMUM SIZE SERVICIiJ CONDUCTOR REQUIRED (Order 13-2304-A-l) 
Computed load __________________________________________ 562 wath. 
Floodlight load _________________________________________ 1000 wattl. 

Total load ______________________________________________ 1562 watts 

1562 + 115 == 13.6 amperes 
Use No.8 service conductor (Order 13-2304-A-1) 
Use a 30 ampere service switch or breaker (Order 13-2357) 

EXllmple No.3, stol'e BllihlJng 

A store 50 feet by 60 feet, or 3,000 square feet, has 30 fcct of sho\\' windo\\', 

CO MPUTED LOAD: 
(Order 13-2203) : 

'General lighting load: 
3,000 square feet at 3 watts pel' square foot X 1.2" ___ ~ 11,2:;0 watts 

"Show window lighting load: 
30 feet at 200 watts per foot ________________________ 6,000 watts 

MINIMUM NUMBER OF BRANCH CIRCUITS REQUIRED (Order 13-2115) : 
***General lighting load: 11,250 + 230 == 49 amperes for 3 wire, 110/230 

yolts; or 98 amperes for 2 wire, 115 volts: 

Three 30 ampere, 2-wire; and one 15 ampere, 2-wire circuits; or 
Five 20 ampere, 2-wire circuits; or . 
Three 20 ampere, 2-wire, and three 15 ampere, 2-wire cil'('.uits; or 
Seven 15 ampere, 2-wire, circuits; or 
Three 15 ampere, 3-wlre, and one 15 ampere, 2-wirc circuits. 

Special Ii g h tin g loa d (show window): (Orders 13-2116~C-2 anll 
13-2203-B): 6,000 + 230 = 26 amperes for 3-wire, 115/230 \'olt; 0,· ;;2 
a ml'leres for 2-wlre, 115 volts: 

Four 15 ampere, 2-wire circuitR; or 
Three 20 ampere, 2-wire circuits; or 
Two 15 ampere, 3-wire circuits. 

MINIMUM SIZE FEEDERS (OR SERVICE CONDUCTORS) REQUIRED (Ordl'\r 13-2201) : 
For 115/230 volt, 3-wire system: 

Ampere load: 49 plus 26 = 75 Hlllpel'CK. (Order 13·-2203) : 
Size of each feeder, No.3 

For 115 volt system: 
Ampere load: 98 plus 52 == 150 anllleres. (Ord", 13-2203) 
Size of each feeder, No. 3/0 
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·'1'he above examples assume that the entire genel'al lighting' load is likely 
to be used for long periods of time and the load is therefore increased by ~5 
per cent in accordance with Order 13-2116. The 25 per cent increase is not 
applicable to any portion of the load not used for long periods. 

"If show window load computed as per paragraph 13-2116B. the unit load 
per outlet to be increased 25 pel' cent. 

"'The load on individual branch cil'cuits not to axc"a(1 80% of the ])",meh 
circuit rating (Order 13-2125-B). 

J!!xnnll.le No. 4. ]\Olulti-]~"nnli1y l),,'ellillp; 

lI'lulti-family dwelling having a total flool' area of 32.000 squal'c feot with 
·10 apartments. 

Meters in two banks of 20 each and indiVidual sub-feeders to each 
apartment. 

One-half of the apartments are equipped with electric ranges of not 
exceeding 12 kw each. 

Area 'of each apartment is 800 square feet. 

COMPUTED LOAD FOR EACH APARTMENT (Order 13-2203) : 

General lighting load: 
800 square feet at 3 watts pel' square foot ____________ 2.400 watts 

Special appliance load: 
Electric range _____________________________________ 8.000 watts 

MINIMUM NUMBER OF BRANCH CIRCUITS REQUIRED FOR EACH APARTMENT 

(Order 13-2115) : 

General lighting load: 2.400 +- 115 = 21 amperes or two 15 ampere. 
2-\vil'e circuits; or t\VO 20 anlpere, 2-"wil'e circuits. 

Small appliance load: One 2-wire circuit of No. 12 wire (See Order 
13-2115-B) . 

Range Circuit: 8.000 +- 230 = 34 amperes or a circuit of two No. 8's 
and one No. 10 as permitted by Order 13-2121-C-1, 

MINIMUM SIZE SUB-FEEDER REQUIRED FOR EACH APARTMENT (Order 13-2201) : 
COMPUTED LOAD (Order 13-2203) : 

General lighting load _____________________________ _ 
Small appliance load ______________________________ _ 

Total computed load (without ranges) _________ _ 

Application of Demand Factor 
3.000 watts at 100 % ______________________________ _ 

900 \vatts at 350/0 ______________________________ _ 

Net computed load (without ranges) ___________ _ 
Range load _______________________________________ _ 

2.400 watts 
1.500 watts 

3.900 watts 

3.000 watts 
315 watts 

3.315 watts 
8.000 watts 

Net computed load (with ranges) _______________ 11.315 watts 

FOR 115-230 VOLT. 3 WIRE SYSTEM (WITHOUT RANGES) : 
Net computed load 3.315 +- 230 = 14 amperes 
Size of each sub-feeder. No. 10 (See Order 13-2201). 

FOR 115-230 VOLT. 3 WIRE SYSTEM (WITH RANGES) : 
Net computed load 11.315 +- 230 = 49 amperes 
Size of each ungrounded sub-feeder. No.6 

Neutral Sub-feeder: 
Lighting and small appliance load _________________ _ 

Range load 8.000 watts at 70% (See Order 13-2203-G) 

Net computed load (neutral) 
8.915 +- 230 = 39 amperes 
Size of neutral sub-feeder. No.8. 

3.315 watts 
5.600 watts 

8.n1f> watts 
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IHINU\l1JM SlZR li'NEUERS REQtTlREU FROM S~HVICl'; ](}(~UIPMEN'l' 1'0 AlI.;'l'lCn BANK 

(l<'on 20 Af'AHTMEN1'S-10 WITH RANm:s): 

Total Computed Load: 
Lighting and small appliance load, 20 X 3,VOO -----

Application of Demand Factor 
3,000 watts at 100 % ____________________________ _ 

70,000 watts at 35 % ____________________________ _ 

Nct cOJllpuled lighting and small appliance load __ 
Hange load, 10 ranges (Less than 12 kw; Col. A, 

Table 29) ________________________________ _ 

Net computed load (with ranges) ____________ _ 

l<'on 115/230 VOLT, 3 WIHE SYSTEM: 
Net computed load: 54,250 +- 230 :=; 236 amperes 

Size of each ungrounded feeder to each meter banle; 

Neutral Feeder: 
Lighting and small appliance load ________________ _ 
Range load, 25,000 watts at 70% _________________ _ 

(See Order 13-2203G), 

Computed load (neutral) ___________________ _ 
46,750 +- 230 ::= 203 amperes. 

Ji'urther Demand I<'actor (Order 13-2203G) : 
200 amperes at 100% ::::: 200 amperes 

3 amperes at 70 %:=; 2 amperes 
Net computed load. (neutral) 202 amperes 

78,000 watts 

3,000 watts 
26,250 watts 

2V,250 watts 

25,000 watts 

54,250 watts 

300,000 C,M, 

29,250 watts 
17,500 watts 

46,750 watts 

Size of neutral feeder to each meter bank __________ 250,000 C,M. 

]\T!NIMUM SIZE MAIN FEEDEH (OH SEHVICE CONDUCTORS) REQUIHED (FOR 40 
APAHTMENTS-20 WITH RANGES) : 

Total Computed Load: 
Lighting and small appliance load, 40 X 3,900 ______ 156,000 watts 

Application of Demand Factor: 
3,000 watts at 100 % ___________________________ _ 

117,000 watts at 35 % ___________________________ _ 
36,000 watts at 25 % ______________________ ~ ____ _ 

Net computed lighting and small appliance load __ 
Range load, 20 ranges (Less than 12 kw, Col. A, Table 29) _________________________________ _ 

Net computed load __________________________ _ 

1<'oH 115/230 VOLT, 3 WIHE SYSTEM; 
Net ('om putI'd load 87,950 +- ;l30 :=; 382 amperes, 
Size of each ungrounded main feeder; 700,000 C,M, 

Neutral Feeder; 
Lighting and small appliance load ________________ _ 

Range load, 35,000 watts at 70% (See Order 13-2203G) 

Computed load (neutral) _____________________ _ 

77,450 +- 230 == 887 amperes, 
Further Demand Factor (See Order 18-2208G) ; 

200 amperes at 100% 200 amperes 
137 amperes at 70%::::: 96 amperes 

Net computed load (neutral)::::: 296 amperes 

3,000 watts 
40,950 watts 

9,000 watts 

52,950 watts 

85,000 watts 

87,950 watts 

52,950 watts 
24,500 watts 

77,450 watts 

Size of neutral main feeder ________________________ 500,000 C,M. 
Sec Notes 2 anll 5 to '.rabies 1 Ilnd 2. 
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]ljxunll,lc .I~O. tit enll'ulution of Neutrul 11-'eedcr 

(See Order 13-2203) 

The following example illustrates the method of calculating size of neutral 
feeder for the computed load of a 5-wire, 2-phase systeUl, where it is desired 
to modify the load in accordance with provisions of Order 13-2203. 

An installation consisting of a computed load of 250 amperes connected 
between neutral feeder and eaeh ungrounded feeder. 

Neutral fecdel' (maximum unbalance of load 

250 amp. X 140% = 350 amperes) : 
200 am]JereH (tlrHt) at 100% 
150 am]Jeres (exce"") at 70% 

Computed load 

200 alllpUI'ON 

lOG anlpcrOH 

305 H.lllllur·o:-; 

Size of neutral feeder: 500,000 C.M. 

Exnml)\e No. (I. IUnxinnntl Den"" .. l for Rung'e Lout1,.. 

Table 29, Column A applies to ranges not over 12 kw. The application of 
Note 1 to ranges over 12 kw (and not over 21 kw) is illustrated in the fol
lowing examples: 

A. Ranges all of same rating. 

Assume 24 ranges each rated 16 kw. 
From Column A the maximum demand for 24 ranges of 12 Itw rating is 
39 Itw. 

16 kw. exceeds 12 kw by 4. 
5% X 4 = 20% (5% increase for each kw in excess of 12). 
39 kw X 20% = 7.8 kw Increase. 
39 + 7.8 = 46.8 = value to be used in selection of feeders. 

B. Ranges of 1lnequal )'ating. 

Assume 5 ranges each rated 11 kw. 
2 ranges each rated 12 kw., 
20 ranges each rated 13.5 kll'. 
3 ranges each rated 18 kw. 

5 X 12 60 Use 12 kw for range rateel less than 12. 
2 X 12 24 

20 X 13.5 270 
3 X 18 54 

408 kw 

408 + 30 13.6 kw (average to be used, fol' computation) 

From Column A the demand for 30 ranges of 12 kw rating is 15 + 30 = 
45 kw. 

13.6 exceeds 12 by 1.6 (use 2). 
5% X 2 = 10% (5% Increase for each kw in excess of 12). 
45 kw X 10% = 4.5 kw increase. 
45 + 4.5 = 49.5 kw = value to be used in selection of feeders. 

Exnn1llle No.7. Ranges 011 n 3",:Phuse System 

(Order 13-2203-D) 

Thirty ranges rated at 12 kw each are supplied by a 3-phase, 4-wire, 
120/208-volt feeder, 10 ranges on each phMe. 

As there are 20 rang'es connected to each ungrounded conductor, the load 
shOUld be calculated on the basis of 20 ranges (or in case of unbalance, 
twice the maximum number between any two phase wires) since di~'erHity 
applies only to the number of ranges connected to a<ljacent phas(,8 and not 
the total. 
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The current in anyone conductor will be one-half the total watt load of 
two adjacent phases divided by the line-to-neutral voltage. In this case, 20 
ranges, from Table 29, Chapter 10, will have total watt load of 35,000 watts 
for two' phases; therefore. the current in the feeder conductor would be: 

17,500 + 120 =:: 146 amperes. 

On a three-phase basis the load would be: 

3 X 17,500 =:: 52,500 watts 

lWei the current in each feeder conductor~ 

52,500 
=:: 14 6 amperes. 

~08 X 1.73 

EXaUlll}le No.8. 1tlotors, COllductOI"H, nud Overcurreut I-rotectioll 

(See Orders 13-4312, 13-4314, 13-4322 and 13-4342) 

Determine the size of conductors, the motor-running overcurrent protection, 
the branch circuit protection, and the feeder pr·otection. for one 25-h.p. 
squirrel-cage induction motor (full-voltage starting), and two 30-h.p. wound
rotor induction motors. on a 440-volt, 3-phase, SO-cycle supply. 

CONDUCTOR SIZES 

The full-load current of the ~5-h.p. Illotor is 32 amperes (Table 24). A 
full-load current of 32 amperes requires a No.8, 'l'ype R, rubber-covered 
condUctor (Column ~, Table 20). The full-load current of the 30-h.p. motor 
is 39 amperes (Table 24). A full-load current of 39 amperes requires a No. G, 
'l'ype R. rUbber-covered conductor (Col Ullln 2, Table 20). 

The feeder conductor capacity will be 1~5 pel' cent of 39, plus 39, plus 32, 
or 120 amperes (Order 13-4314). In accordance with Table 1, this would 
require a No. 0, Type R, pubbel'-covered feeder. 

Note. 1<'01' Type R conductors !'tm open in air. 01' for conductors with 
insulations other than 'l'ype R, see 'i'ables 1 and 2. 

OVERCURRENT PROTECj.'ION 

RUNNING. The 25-h.p. motor, with full-load current of 32 amperes, must 
have running overcurrent protection of not over 40 amperes (Columns 5 
and 6, Table 20). The aO-h.p. motor with fUll-load current of 39 amperes 
must have running overcurrent protection of not over 50 amperes (Columns 5 
and 6. Table. 20). 

BRANCH CIRCUIT. The branch circuit of the 25-h.p. motor must have branch
circuit overcurrent protection of not over 100 amperes (Column 7, Table 20). 
'1'he branch circuit of the 30.-h.p. motor must have branch-Circuit overcurrent 
protection of not over 60 amperes (Column 10, Table 20). 

FEEDFJIt CIRCUIj." The rating of the branCh-circuit fuse for a 25-h.p. squirrel 
cage motor Is 300 per cent of 32 amperes, or 96 amperes (Table 27) ; and for 
a aO-h.p. wound-rotor motor Is 150 per cent of 39 amperes or 59 ampel'ex' 
(Table 27). The rating of a feeder fuse is. therefore. 96 + 39 + a9 == 174 
amperes. and a 175-ampere fuse is the maximum size which may be used. 
(See Order 18-4362.) 

The setting of a motor-branch-circuit circuit-breaker for a 25-h.p. squirrel 
cage )llotor is 250 per cent of 32 amperes or 80 amperes (Table 27) ; for a 
aO-h.p. wound-rotor motor is 150 per cent of 39 amperes or 59 amperes (Table 
27). 'i'he maximum setting of a feeder clrcult-breaker is 80 + 89 + 39 = 158 
ampere". (Ree Order' 13-4362.) 
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PART 5 

RADIO INSTALLATIONS 

Orders formerly contained in this part of the code will be found in 
Section 13-810. 

PART 6 

PROTECTION OF BUILDINGS AND STRUCTURES 
AGAINST LIGHTNING 

For complete codes on lightning protection see the following: 
1. Code for Protection Against Lightning, National Bureau of 

Standards, Handbook H-21. 
2. Code for Protection Against Lightning published by the National 

Fire Protection Association, 60 Batterymarch Street, Boston, Massa
chusetts. 

SECTION 160. SCOPE, DEFINITIONS, ETC. 

Order 1600. Scope and Purpose. 
The rules of this part of the code apply to the protection against 

lightning of buildings and other property, with the exception of prop
erty devoted to the production, storage, and transportation of flam
mable liquids and gases, and electric lines and equipment. 

The purpose is the prevention of fire loss and other damages from 
lightning by directing attention to the available means of protection 
which are believed to be effective. 

Order 1.,01. Interpretation and Exceptions. 
This code shall be liberally construed. In cases of practical difficulty 

or unnecessary hardships exceptions from its literal requirements may 
be made if equivalent protection is otherwise secured. 

It is not intended that this code shall be interpreted as recommend
ing the protection of every class of property to which it applies, but 
shall constitute the standard where economic or other considerations 
make it appear that protection is necessary 01' desirable. 

Order 1602. Mandatory and Advisory Requirements. 
The word "shall" where used is to be understood as mandatory and 

the word "should" as advisory. "May" is used in the permissive sense. 
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Order 1603. Terms and Definitions. 
Air TcrJninnl.' The combination of elevation rod, and brace, 01' foot

ing placed on upper portions of stl'uctures, together with tip or point 
if used. 

Conductor: The portion of a protective system designed to carry 
the current of a lightning discharge fl'om air terminal to ground. 

Branch ConductM·.' A conductor which branches off at an angle 
from a continuous run of conductor. 

Cable: A number of wires twisted or braided to form a conductor. 
Copper-Clad Steel: Steel with a coating of copper welded to it as 

distinguished from copper-plated or copper-sheathed material. 
Down Conductor: The vertical portion of a ru!} of conductor which 

ends at the ground. 
Elevation Rod: The vertical portion of conductor in an ail' terminal 

by means of which it is elevated above the object to be protected. 
Fastener: A device used to secure the conductor to the building. 
Ground Connections: A buried body of metal with its surrounding 

soil and a connecting conductor which together serve to bring an 
object into electrical continuity with the earth. 

Metal-Clad Building: A building with sides made of or covered with 
metal. 

Metal-Roofed Building: A building with a roof made of or covered 
with metal. 

Point: The pointed piece of metal used at the upper end of the 
elevation rod to receive a lightning discharge. 

Roof Conductor: The portion of the conductor above the eaves run
ning along the i'idge, parapet, or other portion of the roof. 

SECTION 161. LIGHTNING RODS FOR ORDINARY BUILDINGS 

Orders 1610 to 1613, inclusive, hereunder apply more particularly 
to buildings of the ordinary types which have roofs of slate, tile 01' 

other non-conducting material. Order 1614 sets forth modifications to 
the orders preceding it which may be made for the case of buildings 
which are roofed, or roofed and clad with metal. Grounding and inter
connection of metals are included in Orders 1615 to 1617 while Sec~ 
tion 162 is to be referred to when buildings are equipped with spires, 
steeples, flag poles or towers. 

Order 1610. Conductors. 
A. Materials. The materials of which protective systems are made 

shall be relatively resistant to cOl'rosion or shall be acceptably pro
tected against corrosion. No combination of materials shall be used 
that forms an electrolytic couple of such nature that in the presence of 
moisture corrosion is accelerated, but where moisture is permanently 
excluded from the junction of such metals contact between them is 
not objectionable. 

'l'he following list of materials comprises those cOllllllonly USE'd for 
]ll'Oteetive systelllH, OJ' pal'ts of protective sYBtelllB, and with their 
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accompanying specifications constitute materials to be regarded as 
standard,for the purposes of this section. 

1. Copper. Where copper is used it shall be of the grade ordi
narily required for commercial electrical work, generally designated 
as being of 98 per cent conductivity when amiealed. 

2. Alloys. Where alloys of metals are used they shall be substan
tially as resistant to corrosion as copper under similar conditions. 

3. Copper-clad steel. Where copper-clad steel is used, the copper 
covering shall be permanently and effectively welded to the steel core, 
and the proportion of copper shall be such that the conductance is not 
less than 30 pel' cent of the conductance of an equivalent cross-section 
of solid copper. 

4. Galvanized steel. Where steel is used it shall be thoroughly 
protected ' against corrosion by a zinc coating which will satisfactorily 
withstand the standard test of the American Society for Testing 
Materials for galvanized coatings. 

B. F01'm and Size. Branch and main conductors may be in the 
form of cable, tube, strip or rod having round, square, star or other 
cross-section. The following subsections give minimum sizes and 
weights. 

1. Copper Cable. Copper cable conductors shall weigh not less 
than 187.5 pounds per thousand feet. The size of any wire of a cable 
shall be not less than No. 17 A. W. G. (0.045 inch). 

2. Copper tube, copper solid section and copper-clad steel. Tube, 
or solid section conductors of copper or copper-clad steel shall weigh 
not less than 187.5 pounds per thousand feet. The thickness of any 
tube wall shall be not less than No. 20 A. W. G. The thickness of any 
copper l'ibbon 01' strip shall be not less than No. 16 A. W. G. (0.051 
inch). 

3. Galvanized steel. Galvanized steel conductors shall have a net 
weight of steel of not less than 320 pounds per thousand feet and a 
zinc coating of not less than 2 ounces per square foot of galvanized 
surface. The thickness of any tube wall, web or ribbon before galvaniz
ing shall be not less than No. 17 U. S. Standard Sheet Gauge (0.056 
inch) and the diameter of any wire of a cable before galvanizing shall 
be not less than No. 14 Steel Wire Gauge (0.080 inch). 

C. Joints. 1. General. Joints in conductors shall be as few in num
ber as practicable and where they are necessary they shall be me
chanically strong and well made and provide ample electrical contact. 
The latter requirement is to be regarded as met by a contact area not 
less than double the conducting cross-sectional area of the conductor. 

2. Mechanical strength. On structures exceeding 60 feet in height, 
joints shall be so constructed that their mechanical strength in tension 
as shown by laboratory tests is not less than 50 per cent of that of the 
smal~est of the several sections of conductor which are joined together. 

"3. Electrical resistance. Joints shall be so made that they have 
an electrical resistance not in excess of that of two feet of conductor. 
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D. Fasteners. Conductors shall be securely attached to the build
ing 01' other object upon which they are placed. Fasteners in general 
shall be substantial in construction, not subject to breakage and shall 
be, with the nails, screws, or other means by which they are fixed, of 
the same material as the conductor, or, of such nature that there will 
be no serious tendency towards electrolytic corrosion in the presence 
of moisture, because of contact between the different parts. 

Fasteners shall be so spaced as to give adequate support to the con
ductor, generally not over four feet apart. 

Order 161;1. Points and Elevation Rods. 
A. Attachment of Points. Separate points are not required, but if 

used shall be of substantial construction and be securely attached to 
the elevation rods by screw or slip joints. The conducting cross
sectional area of the base shall be at least equivalent to the conducting 
cross-sectional area of the elevation rod. 

B'. Elevation Rods. 1. Size. Elevation rods shall be at least equiva
lent in weight and stiffness of a copper tube having an outside 
diameter of % inch and a wall thickness of No. 20 A. W. G. (0.032 
inch) . 

. 2. Form. Elevation rods may be of any form of solid or tubular 
cross-section. 

3. Height. The height of an elevation rod shall be such as to 
bring the tip not less than ten inches above the object to be protected. 
On flat or gently sloping surfaces a greater height than ten inches 
should be provided but the height need not exceed five feet. 

C. Braces for Elevation Rods. 1. Use. Elevation rods shall be 
amply secured against overturning either by attachment to the object 
to be protected or by means of substantial tripod or other braces which 
shall be permanently and rigidly attached to the building. 

2. Materials. The material from which braces are constructed 
shall be at least the equivalent in strength and stiffness of one-fourth 
inch round iron, and with the nails or screws used in erecting must 
comply with the requirements of "Order 1610 A Materials" as to re
sistance to corrosion or protection against corrosion. 

3. Form and construction. Braces shall be assembled by means of 
riveted joints or other joints of equivalent strength. Preference should 
be given to tripod or fourlegged braces and when in place the feet 
should be spread until the distance between them approximates one
third the height of the brace. 

4. Guides. Where elevation Fods are more than 24 inches high, 
braces shall have guides for holding the elevation rod at two points 
located approximately as follows: The lower at a distance above the 
foot of the rod equal to one-third of its height, the upper at a distance 
above the lower equal to one-fourth the height of the rod. 

Where elevation rods are 24 inches high or less, braces with a single 
guide may be used, holding the rod approximately midway of its 
height. Ten-inch elevation rods may be braced by means of substantial 
footings. 
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Order 1612. Prevention of Deterioration. 
A. UenM·al. Precaution shall be taken in every instance to provide 

against any undue tendency toward deterioration due to local con
ditions. 

B. CQ?'1'osion. Where any part of a protective system is exposed 
to the direct action of chimney gases or other corrosive gatles, it shall 
be protected by a continuous covering of lead one-sixteenth inch or 
more in thickness, 

C. Mechanical !nju1'Y. Where any part of a protective sytsem is 
exposed to mechanical injury it shall be protected by covering it with 
molding or tubing preferably made of wood or non-magnetic material. 
If metal tubing is used the conductor shall be electrically connected 
to it at its upper end. 

D. Use of Ornaments. The use of small ornaments such as glass 
balls attached to elevation rods is not objectionable but elevation rods 
shall not be made to support vanes or ornaments having in any plane 
a wind resistance area in excess of 20 square inches. 

Order 1613. Air Terminal and Conductors. 
A, General. Air terminals shall be provided for all structural parts 

that al'e likely to receive, and be damaged by, a stroke of lightning. 
B. Proje'ctions. In the case of projections such as gables, chimneys, 

and ventilators, the air terminal shall be placed on, or attached to, the 
object to be protected where practicable, otherwise within two feet 
of it. 

C. Ridges, PM'apets, and Edges of Flctt Roofs. Along ridges, para
pets, and edges of flat roofs, ail' terminals shall be spaced at intervals 
not exceeding 25 feet. 

D. Metal P1'ojections and PM'ts of Buildings. Metal projections and 
parts of buildings such as chimneys, ventilators, flagpoles, towers, 
water tanks, spires, smoke stacks, steeples, deck railings, shaft houses, 
gables, skylights, dormers, ridges, and parapets which are made of or 
covered with metal that are likely to receive, but not be appreciably 
damaged by, 'a stroke of lightning, need not be provided with air ter
minals, but shall be securely bonded to the lightning conductor with 
metal of the same weight per unit length as the main conductor. 

E. Coursing of Conduct01'S. 'Conductors shall in general be coursed 
over the roofs and down the corners and sides of buildings in such a 
way as to constitute as nearly as local conditions will permit, an 
enclosing network. 

F. Roof Conductors. Roof conductors shall be coursed along con
tours, such as ridges, parapets, and edges of flat roofs, and where 
necessary over flat surfaces, in such a way as to join each air terminal 
to all the rest. 

Roof conductors surrounding decks, flat surfaces, and flat roofs, 
shall be connected to form a closed loop. 

G. Down Conduct01's. Down conductors shall preferably be coursed 
over the extreme outer portions of buildings, such as corners, due con- . 



EIJEC'l'njCAI~ CODE-OHDER 1615 345 

sideration being given to the 'best places for making ground connec
tions, and to the location of air terminals. 

H. O~lIt?·llction8. Conductol's shall be coursed around chimneys, 
ventilat.ors, and similar obshuctions in a horizontal direction. 

I. Bends. No bend in a conductor which embraces a portion of a 
building such as an eave, shall have a radius of less than eight inches. 
The angle of any turn shall not exceed 90" and conductors shall every
where preserve a downward or approximately horizontal course. 

Order 16.14. Metal-Roofed and Metal-Clad Buildings. 
The materials and equipment l'equired by this rule for the protec

tion of metal-roofed or metal-roofed and clad buildings, shall comply 
with the requirements of Orders 1610 to 1613, inclusive. 

A. Metal in OV8?'lapping Sections, Buildings which are }'oofed, or 
roofed and clad, with metal in the form of sections insulated from one 
another, or so applied that they are not in electric contact, shall be 
heated in the same manner as are buildings composed of non
conducting materials. 

B. Metal Continuous. When buildings are roofed or roofed-and
clad, with all metal sheets made electr:ically continuous by means of 
an interlocking or other contact, or by bonding, the following modifi
cations may be made to the requirements of Orders 1611 to 1617, 
inclusive. 

Air terminals need be provided only on chimneys, ventilators, gables, 
and other projections, such as are likely to receive and be do.maged by 
a stroke of lightning. Projections that are likely to receive, but not be 
damaged by a stroke of lightning need not be provided with ail' ter
minals, but shall be securely bonded to the roof. 

Roof conductors may be dispensed with, and elevation rods if used 
connected to the roof by soldered joints, or securely bolted joints, hav
ing an area of contact of not less than three square inches. If the roof 
metal is in small sections connection shall be made to at least f.our of 
the sections. 

Down conductors shall be connected to the edges of roofs, or to the 
lower edges of metal siding, by soldered or bolted joints having an 
area of contact of at least three square inches. If the metal is in small 
sections. cOlmection shall be made to at least four of the sections. 

Ol'der M15. Numbet· of Down Conductors. 
A. Minimiwi. There shall be not less than two down conductors 

Oil any type .of buildings, and these shall be run so as to be as widely 
separated as practicable. The following ruleR shall apply as to addi
tional down conductors. 

B. Rectangular St1·u,ctU?'CH. On rectangular structures having gable, 
hip, or gambrel roofs, and exceeding 110 feet in length, there shall be 
at leaHt one additional down conduct.or fOI' each additional 50 feet of 
length, or fraction thereof. 

On rectangular structure~ having French, fiat, or sawtooth roofs, 
lIId eXl'peding three hundred feet in perimeter, there shall be at least 

1 
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one additional down conductor for each additional 100 feet. of peri
meter or fraction thereof. 

C. Irregular-shaped Structu?'es. On an ell or T-shaped structure 
there shall be at least one additional down conductor; on an H-shaped 
structure at least two additional down conductors; and on a wing
built structure at least one additional down conductor for each wing. 

On irregular-shaped structures the total number of down conduc
tors shall in every case be sufficient to make the average distance 
between them along the perimeter not greater than 100 feet. 

D. Structures Exceeding 60 Feet in Height. On structures exceed
ing 60 feet in height there shall be at least one additional down con
ductor for each additional 60 feet of height, or fraction thereof, except 
that the application of this rule shall not cause down conductors to be 
placed about the perimeter of a structure at intervals of less than 
50 feet. 

E. Metal-Roofed and Metal-Clad Buildings. The number of down 
conductors and ground connections for metal-roofed and metal-clad 
buildings shall be determined in the same manner as for buildings 
composed of non-conducting materials, i.e. according to the require
ments of A, B, C, and D above. 

F. Dead Ends. Additional down conductors shall be installed where 
necessary to avoid "dead ends," or branch conductors ending at air 
terminals, which exceed 16 feet in length, except that single down con
ductors descending flagpoles, spires, and similar structures which are 
adjuncts of buildings shall not be regarded as "dead ends" but shall 
He treated as air terminals. 

Order 1616. Interconnection of Metallic Masses. 
A. Exterior Bodies of M(;tal. Metal situated wholly on the exterior 

of buildings such as ornamental ridges, ventilators, roofs, valleys, gut
ters, down spouts, structural iron, etc., shall be connected to the con
ductor at its upper or nearest end, and if of considerable length, shall 
be grounded 01' electrically connected to the conductor at its lower or 
farthest end. 

B. Inte?'ior Bodies of Metal. Metal situated wholly in the interior 
of buildings which at any point comes within 6 feet of a lightning con
ductor, or metal connected thereto, shall be electrically interconnected 
with it and, if of considerable size or length, shall be grounded at its 
lower or farther extremity within the building. 

C. Metal Bodies Projecting Through Sides and Roofs. Metal which 
projects through roofs, or through sides of buildings above the second 
floor, shall be bonded to the nearest conductor at the point where it 
emerges from the building and be· grounded ·at its lower 01 extreme 
end within the building. 

D. Interconnection of Metals on or within Metal-Roofed and Metal
Clad Buildings. All parts of metal roo~s, or roofs and sides, shall be 
securely bonded together. 

E. M (jtallic Bodies to be Indeperndently Grounded. Metallic bodies 
having any dimension exceeding five feet, and situated wholly withhl 
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buildimgs, and which do not at any point come within six feet of a 
lightning conductor or metal connected thereto shall be independently 
grounded. 

F. Substitution for Regula?' Gonduotm·s. Extended metal parts of 
buildings shall not be substituted for regular conductors, except where 
they are permanently electrically continuous, and have a conducting 
cross-sectional area at least double that of the lightning conductor 
that would otherwise be used. 

G. Size of Interconneoting and Bonding Wires. For bonding, inter
connecting and independent grounding of metallic masses the conduc
tor used shall be at least the equivalent in strength and conducting 
cross-sectional area of a No.6 A. W. G. copper wire, except where full 
size lightning conductor is required by Order 1613 D. 

Ol'del' 1617. Gl'ound Connections. 
A. Number. A ground connection shall be provided for each down 

conductor, preference being given to metal water pipes connected to an 
extensive water system and other large underground metallic 
structures. 

B. Distribution. Ground connections (and down conductors) shall 
be placed at as uniform intervals about a building as practicable, and 
grouping of ground connections on one side of the building shall be 
avoided. 

C. Moisture. In making ground connections advantage should be 
taken of all permanently moist places where practicable, although such 
places should be avoided if wet with waste water which contains 
chemical substances especially corrosive. to the metal with which the 
ground connection is made. 

D. PlW1nanency. Ground connections shall in every case be thor
oughly and permanently made, with due regard to the character of 
the surrounding soil. 

E. Water-Pipe Grounds. Where a water pipe enters a building at 
least one down conductor shall be connected to it preferably at a point 
immediately outside the foundation wall by means of a substantial 
clamp to which the conductor can be attached by bolts or solder. If 
the water system is limited in extent it shall be grounded to two made 
electrodes of the type described in Section 13-250. Any other limited 
Underground metallic system is to be grounded with two made elec
trodes. 

F. Grounding Electrodes in Deep Soil. Where the soil is moist clay, 
or other soil of similar character as to electrical resistivity, artificial 
grounding electrodes may be made by extending the rod itself into the 
ground a distance of not less than 10 feet. Where the soil is largely 
sand, gravel; or stones, more extensive artificial grounding electrodes 
shall be made by adding metal in the form of driven rods or pipes, 
or strips, pl8,tes, 01' lengths of conduct6r buried in trenches as in "G" 
following. 

G. Grounding Electrodes in Shallow Soil. Where bed rock is neal' 
the surface, grolind connections may be made by digging trenches 
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radially from the building and burying in them the lowest ends of the 
down conductors 01' their equivalent in the form .of metal strips 01' 

wires. Where the soil is very dry or will not permit digging to a depth 
of more than one foot in addition to the conductors laid radially, a 
similar conductor shall be buried which encircles the structure to be 
protected and connects all of the down conductors together. 

H. T?'enches. Trenches shall be long enough to accommodate 12 
feet of conductor when laid straight, but need not be more than three 
feet in depth. 

Order 1618. Radio Installations and Wires Entering Buildings. 
A. MeUhl Radio Masts on Bnildin.r;s. Metal radio masts on build

ings shall be bonded to the nearest lightning conductor. 
B. TVooden Radio M(~sts. Wooden radio masts which extend more 

than six feet above the ridge or highest parts of the buildings on 
which they are placed shall be treated in the same manner as flagpoles. 

SECTION 162. MISCELLANEOUS STRUCTURES 

Order 1620. Spires, Steeples, and Flag Poles. 
A. GenM'Ctl. The materials, equipment and ground connections re

quired by the rules of this section for the protection of spires, steeples, 
and flag poles, shall comply with the requirements of Section 161. 

B. Ai?' Te?·minals. A single air terminal may be used, which elevates 
the tip a distance of not less than ten inches above the uppermost 
point of the structure. 

C. Down Coneluct01·S. A single down conductor may be used, which, 
if the structure is isolated, shall be extended directly to a ground con
nection. If the structure is an adjunct of a. building and near or touch
ing the perimeter, the down conductor shall be extended directly to a 
ground connection, but shall also be connected to the lightning con
ductor system on the building. If it is set well within the perimeter 
the descending conductor shall be connected to the nearest roof con
ductor. 

D. inte?'connection of Metals. Bells, clocks, structural iron, and 
other metallic masses shall be connected to the down conductor. If the 
length of a metallic body is c.omparable to the height of the structure, 
connection shall be made at the upper and lower extremities; other
wise connection may be made at the nearest point. 

E. (hounding of Metallic Spi?'0S (mel FlagzJOle::;. Spires and flag 
poles composed entirely of or covered entirely with metal and resting 
.on foundations of non-conducting material with the top so constructed 
as to receive a stroke of lightning without appreciable damage, need 
not be provided with air terminals or down conductors,. but shall be 
grounded 01' connected to the nearest lightning conductor, or both, 
according as the structure is isolated, set withi.n t.he perimeter of a 
building 01' neal' it, respectively. 
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(hcl('1' 1621. Water Towers, Silos, and Similar ~tructllreH. 

A. (;enc1'(iJ. The materials, equipment and ground connections re
quired b)' the rules of this section for the protection of water towers, 
silos, and similar structures, shall comply with the requirements of 
Section 161. 

B. A i1' Ter1lliu(~ls. The number and location of ail' terminals shall 
in genel'al comply with the requirements of Order 1613, except that on 
silos and other towers having roofs ending in a peak a single ail' 
terminal Illay be regarded as sufficient. 

C. Condw:t01'N. Where more than olle ail' terminal is used they 
shall be connected together by a conductor which forms a closed loop 
about the structure neal' the top, or passes over it, as the contour of 
the roof may require. From this, or from the single ail' terminal if 
but one is used, at least two down conductors shall be extended directly 
to gl'ound connections on opposite sides, if the structure is isolated. 
If it, is an adjunct of a building, near or touching the perimeter, one 
down conductor shall be extended directly to a ground connection 
while the other may be connected to the lightning conductor system 
on the building. If it is set well within the perimeter both down con
ductors may be connected to the lightning conductor system on the 
building. If the height of the structure exceeds 100 feet the down con
ductors should be cross-connected midway between top and bottom. 

D. Inte1'connection of Metals. All metallic bodies of considerable 
size or extent, whether exterior 01' interior, shall be connected to the 
down conductors. If their length is comparable to the height of the 
structure, they shall be connected to the down conductors at both ends; 
otherwise connection may be made at the nearest point. 

E. Cirounding of Metal Towers and Wate1' Tanks. Towers and 
tanks composed entirely of or covered entirely with metal and resting 
on foundations of non-conducting material, with the uppermost portion 
so constructed as to receive a stroke of lightning without appreciable 
damage, shall be grounded by means of two earth terminals on oppo
site si'desof the structure. 

SECTION 163. BUILDINGS CONTAINING BALED FLAMMABLE 
MATERIALS 

Order M30. Methods and Materials. 

The materials, equipment and ground connections required by the 
rules of this section shall comply with the requirements of Sections 
161 and 162. 

Order 1631. Metal-Hoofed and Metal-Clad Buildingf'. 

Metal-roofed and metal-clad buildings shall be heated in the slime 
manner as required in Section 161, Order 1614. 
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Order 1632. Buildings of Non-Conducting Material~. 
The effect of an electrostatic shield may be obtained by constructing 

on or above the roof a network of wires or cables and grounding it 
about the perimeter at the same intervals as required for metal-roofed 
buildings. 

SECTION 164. SMOKESTACKS AND CHIMNEYS 

Order 1640. Metal Smokestacks. 
Metal smokestacks shall be properly grounded. If the construction 

of the foundation is not such as to provide ample electrical connection 
with the earth, ground connections shall be provided similar to those 
required for stacks made of materials other than metal as provided in 
Order 1641 G. 

Metal guy wires and cables shall be grounded at their lower ends. 

Order1641. Brick, Hollow Tile, and Concrete Stacks. 
Where stacks of brick, hollow tile, concrete, or other material liable 

to damage by lightning are to be protected the following rules shall 
apply. 

A. Conductors. Conductors shall be of copper of the grade required 
for commercial electrical work, generally designated as having 98 per 
cent conductivity when annealed. 

The weight of the conductor shall be not less than 375 pounds per 
thousand feet. 

The size of any wire in a cable shall be not less than No. 15 
A. W. G. (0.057 inch). 

The thickness of any tube wall shall be not less than No. 15 
A. W. G. (0.057 inch). 

The thickness of any web or ribbon shall be not less than No. 12 
A. W. G. (0.080 inch). 

B. Fastene1·s. Fasteners shall be of copper or copper alloy sub
stantially as resistant to corrosion as the conductor itself, and must 
be strongly constructed. Each fastener must have a sufficiently tight 
grip to support its corresponding length of conductor. 

Fasteners shall be spaced close enough to give ample support to 
the conductor, generally not over four feet apart. 

C. Air Ter'minals. Air terminals shall be strongly constructed of 
the same grade of material as the conductor and shall be uniformly 
distributed about the rim of the stack at intervals not exceeding 
eight feet. . 

The height above the rim shall be not less than 30 inches. 
They shall be secured to the top of the stack by means of expan

sion bolts or fan shank fasteners of substantial construction. The air 
terminals shall be electrically connected together by means of a metal 
ring or band which forms a closed loop about two feet below the top 
of the chimney. If there is a metal crown the air terminals should be 
connected thereto. 
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D. Down Conductors. At least two down conductors shan be pro
vided on opposite sides of the stack, leading from the ring or crown 
at the top to the ground. 

On stacks exceeding 160 feet in height the down conductor shall 
be cross-connected approximately midway between top and bottom. 
Where a metal ladder is continuous from the rim to the ground, and 
the vertical members have a combined cross-section not less than twice 
that specified in Order 1610 B, 3, such members may be utilized as 
down conductors. 

E. Lead Cove?·ing. In order to prevent corrosion by gases, ail' ter
minals, conductors, and fasteners within 25 feet of the top of the stack 
should have a continuous covering of lead at least one sixteenth inch 
thick. 

F. Joints. Joints in conductors must be as few as practicable and 
of such construction as to show by laboratory tests a strength in ten
sion of at least 50 per cent of that of the conductor. 

G. Ground Connections. Ground connections may be made in the 
manner prescribed for buildings in Order 1617. 

H. P?'otection Against Mechanical Injury. Down conductors neal' 
the ground shall be protected against mechanical injury by means of 
wood molding or other non-magnetic material. 

If metal tubing is used for protective purposes the down conductor 
shall be electrically connected to it at its upper end. 

I. Metal Lillings. Where stacks have a metal lining extending part 
way up the lining shall be connected to the rod at its upper end and 
grounded at the bottom. 

SECTION 165. LIVESTOCK IN FIELDS 

The information on this subject is limited, but the best obtainable 
has been made use of in formulating the following rules. On account 
of the nature of the exposure it is not possible, of course, to eliminate 
the hazard entirely, but it is believed that if these rules are applied 
it can' be much reduced. 

The loss of livestock by lightning is caused in large measure by 
herds drifting' against ungrounded wire fences during thunderstorms 
and receiving a sufficient discharge to kill them, either from accumu
lated static electricity or from a stroke on the fence itself. The fences 
that give l'ise to the most trouble of this kind are those constructed 
with posts of poorly conducting material, such as wood or concrete. 
Fences built with metal posts set in earth are as safe from lightning 
as it is possible to make them, especially if the electrical continuity is 
broken as provided hereafter. Breaking the electrical continuity is 
very useful in that it prevents a lightning stroke from affecting the 
entire length of a fence, as it may if the stroke is direct and the fence 
continuous, even though grounded. 

Isolated trees in pastures where stock congregate seeking shade are 
also a source of loss. In pastures where shade is available from wooded 
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areas of considerable 'size, isolated trees should be removed, but other
wise should be protected by suitable rodding as described in Order 
1652 below. 

Order 16'50. Grounding of Wire Fences. 

Where it appears desirable 01' necessary to mitigate the danger from 
wire fences constructed with posts of nonconducting material the fol
lowing rules shall apply. 

A. Iron Posts. Ground connections may be made by inserting' at 
intervals galvanized-iron posts, such as are ordinarily used for farm 
fencing, and attaching in electrical contact all of the wires of the 
fence. If the ground is normally dry the intervals between metal posts 
shall not exceed 150 feet. If the ground is normally damp they may 
be placed 300 feet apart. 

B. Iron Pipe. A less expensive ground connection than A, may be 
made by driving a length of one-half or three-quarter inch internal 
diameter galvanized iron pipe beside the fence and attaching the wires 
by ties of galvanized iron wire. The spacing shall be the same as for 
the posts under A above. 

C. Depth of Grounds. Pi.pes 01' posts shall be extended into the 
ground at least three feet. 

Order :1651. Breaking Continuity of Fence. 

In addition to grounding the fence its electrical continuity shall be 
broken by inserting insulating material in breaks in the wires at inter
vals of about 1000 feet. These insertions may be in the form of fence 
panels of wood or lengths of insulating material to the ends of which 
the wires can be attached. Such lengths of insulating material may 
consist of strips of wood 2 x 2 x 24 inches, or their equivalent as far as 
insulating properties and mechanical strength are concerned. 

Order 1<652. Trees. 

Where a tree is isolated and the vicinity is much frequented by 
livestock, the danger from lightning can be reduced by installing a 
single conductor extending from the top of the tree, to a distance of 
at least six feet into the ground. 

Note: }I'01' })l'otection of hangU1'f3, balloons, airships, ships, tl'ees, and 
Rtl'Ul'tUl'eR containing' tianllnalile liquidH and gaRf>fl, l'efel'f>l1l'e Rhould hp 
made to "Code for J>l'otE'('lion Ag-ainst Lightning," National Hul'''''u of 
~t'"Hla)'(ls 11an(lhool< II-~l, 



INDEX 

Volume No.2 

neferences are to order numbers unless otherwise noted. The follow
i Ilg; abhreviations are used: Def. for detlnitions; sec. fo], section; vol. 
for volume. 

A 
Order No. 

Accessible _______________________________________ (Del.) 1020 

Acc"ssibllity of, 
grounding conductor __________________ ." _____ _ 
switches __________________________ _ 

Acid 
lumes (See also Corrosive vaporsL ______ _ 

Additions, application 01 rules to ______________________ _ 
Adequacy ___________________________________________ _ 
Adjustable speed motor __________________________ (Del.) 
Administrative authority _________________________ (Del.) 

application and waiving 01 rules hy ___________________ _ 
Advisors _________________________________________ _ 
Advisory committee __ ___________ . _________ _ 
Advisory rules ______________________________________ _ 

Affidavit form lor, 

13-2612 
13-3R08 

13-4807, 13-7209 
1013B 
13-0001 note a 
1020 
1020 
1013A 
Page 8 
Page 7 
13-1103 

contractors _____________________________________ . ___ Page 10 
inspectors_________ _ ____ ___________ Page 9 

Air-gap oistance _______ . _____________ 13-8133 
Airplane hangars_________________ 13-5131 
Air terminal, del. oL__________________ 1603 
Alive____ ____ _ _ _ _ _ _ _ __ _ __ _ _ _ _ __ _ _ _ _ _ _ ____ (Del.) 1020 

Alternating currents in metal enclosure __________________ 13-3018 
Aluminum conductors__ _____ ____ _ _ _ __ _ _ _ __ _ 13-3106, Tables 1 & 2 
Antennas, radio______________________________ Sec. 13-810 
Appliances______ __ _ _ ___ __ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ Sec. 13-422 

hranch circuits for______________________ Sec. 13-210 
cords lor______________ ______________ 13-4231 
d~finition __________________________________________ 1020 
feeders lor _______ _ 
grounding ________________________________________ _ 

13-2203, 13-33R2, 13-4242 
13-4238 

hazardous_ _ _ _ _ __ 8ec. 13-500 
Application 01 orders .. 
Approved_ . 

______________________ . __ lO13,1013E, 13-()()OI 
_____ (Def.) 1020 

materials. __ _ 
methods or inslallation 

A"c lamps 
AI'('ing purts 
AI'mored cable_ 

('.onstruction of 
grounding _ 
installation rulps. 
outlpL lJUxP3 tor. 
polarity idendtic·alion. 
spfI('ith'ations . 
Yoltagt's OVPI' flOC) 
wiring trlf'tilmh; 

A"UlCJI'PU COl'd 
Al'11:'8tH:-J, (Hpp lightning al·'· .... l{!PI·j{) 

gruulId 

______ . __ 10llA,13--1101 
____________ 1011E 

__ 13-4205, 13ii2R4, 13· 7104 
13 -1114 

_ ____ (Del.) 1020, 13--:JOOr. 
13-9334 [ 
1:J--2533 
Sec. 13-aa4 
13-3007 
la-9al()]]) 
13-9334L 
L3--711l 
Sec. La -:!:!~ 
Table a I 
:::~c·. Ja 2XO 
l~ ::631, [:I-:~R~fl 
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Order No. 
Art.ificial grounds _____________________________________ 13-2583 

contact surface _____________________________________ 13-2583 
installation oL ______________________________________ 13-2583 
number oL ________________________________________ " 13-2584 
radio ______________________________________________ 13-8156 
resistance __________________________________________ 13-2584 

Asbestos covered wire _________________________________ 13-3102, 13-93101 
Asbestos varnished cambric ____________________________ 13-3102 13-93101, 

!:~:~~l; -h;ll;,-;"j;i~~~-_-_-_ -_-_-_-_-_-_ -_-_ -_-_-_ -_ -_-_-_ -_ ~-_ -_ -_.-_ ~ -_ -_ ~~~~.~ ~~~~102 
Attachment of lightning rods ___________________________ Part 6 
Attachment piugs _____________________________________ 13-2008,13-4171,13-4241 
Attics, conductorsiri _____________________________ , _____ 13-3213,13-3247,13-3346, 

13-3367 
Authority _ .. __ . ___________________________________ (Def.) 1020 
Automatic ______________________________________ (Def.) 1020 

Automatic cutout and grounding conductoL _____________ 13-2599 
Automotive equipment __ • _____________________________ 13-0001 
Auto-transformer starters ______________________________ 13-94302 
Auto-transformers _____________________________________ 13-2003, 13 -5225 

electric discharge fixtures _____________________________ 13-4186 
Auxiliary gutters ______________________________________ Sec. 13-374, 13-6404, 13-3749 
Availability of weter pipes _____________________________ 13-2581 

Avoidance of current flow over grounding conduct.or _______ 13-2521 

B 
Balance coils _________________________________________ 13-2003 
Balancer sets _________________________________________ 13-4454 
Ballasts ______________________________________________ Sec. 13-410 
Bare conductors ______________________________________ Sec. 13-328, 13-0001 
Bare grounding conductors _____________________________ 13-2591 
Bare parts, separation oL ______________________________ 13-3285,13-93847 

Barriers, for 
utilization equipment ________________ • ________________ 13-1102 

Batteries, (see also storage batteries) ____________________ Sec. 13-480 
emergency lighting __________________________________ 13-7011 
for isolated plants ___________________________________ 13-7209 
generaL ___________________________________________ 13-5085, 13-6406 

Battery rooms ________________________________________ 13-4807 
metal in ___________________________________________ 13-4807 
supports in _______________ : _________________________ 13-4806 
wiring in ___________________________________________ 13-4807 

Bell wires. ___________________________________________ Sec. 13-725 
Bonding machine frames _______________________________ 13-4.435,13-4436,13-4437 

• Bonding, wire size ____________________________________ 13-2577 
Booths_ .. _____________________________________________ 13-5433 

Border lights, construction oL __________________________ 13-5282 
protection oL ______________________________________ 13-5241 

Boxes ________________________________________________ Sec. 13-370 
floor _______________________________________________ 13-4162 
installation _________________________________________ 13-3004, 13-3007, 13-3008, 

13-3009, 13-3248, 13-3370, 
13-3408, 13-3554, Sec. 13-370, 
13-6218 

length of free conductors _____________________________ 13-3006 
non-metallic __ ____________________________ _________ _ 

number of conductors in __ __________________________ _ 
Braces for elevation rods _____________________________ _ 
Branch circuits __ . _ . _____________________________ (Def.) 

appliance _________________________________________ _ 
division of load _____ ___________________________ ____ _ 

13-3248, 13-3369, 13-3370, 
13-3408, 13-3710, 13-3703 

13-3709 
1611C 
1020, See. 13-210 
Sec. 13-210, 13-4242 
13-2115 
13-2101 
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Order No. 
lamps in series ______________________________________ 13-4237 
less than 50 volts ___________________________________ 13-7204 
location of protection ________________________________ 13-2372,13-2373 
motors ____________________ • ________________________ 13-4341 
multi-wire __________________________________________ 13-2111 

Branch conductor _____________________________________ 1603 
Building ________________________________________ (Def.) 1020 

clearance of conductors from _________________________ 13-7324 
lightning protection 01. ______________________________ 1600 to 1653 

Bulk storage plants ____________________________________ 13-5151 
Burglar alarms ________________________________________ Sec. 13-725, 13-800 
Buried grounds _______________________________________ 13-2583 
Burns, protection from. ________________________________ 13-2441 
Bus bars _____________________________________________ Sec. 13-328, 13-3282, 13-374.6, 

13-3843, 13-93842 
Bushings, 
. armored cable ______________________________________ 13-3347 

at entrance 01 building _______________________________ 13-2335 
auxiliary gutter _____________________________________ 13-3749 
back 01 switchboards ________________________________ 13-3009 
conduiL ___________________________________________ 13-3468 
flexible cord ________________________________________ 13-3711, 13-4148, 13-9370~ 
generators __________________________________________ 13-94451 
insulated ___________________________________________ 13-3009, 13-3010, 13-3468, 

13-3736 
lampholders _____________________________ -___________ 13-4148 
motors _____________________________________________ 13-94301 
outlet boxes ________________________________________ 13-3710 
wiring _____________________________________________ 13-3209, 13-3246 

Busways _____________________________________________ Sec. 13-364, 13-2116 

C 
Caninets and cutout boxes _______________________ CDel.) 1020 

and cutout boxes ____________________________________ Sec. 13-373 
construction ________________________________________ 13-93731 
grounding 01.. ______________________________________ 13-2533, 13-2542 
gutters _____________________________________________ 13-3738, 13--93732 
installation 01. ______________________________________ 13-2438, SfC. 13-373 

Cable vault _____________________________________ CDel.) 1020 
Cables Csee also conductors) ______________________ (Del.) 1020,1603 

armored ___________________________________________ 13-3004, 13-3005, 13-3010, 

13-3016, Sec. 13-334 
construction ________________________________________ 13-93341 

elevator ____________________________________________ 13-6204, 13-6231, 13-6232, 

13-6233 
flexible _____________________________________________ See cords, flexible 
non-metallic sheathed ________________________________ Sec. 13-336, 13-93361 
non-metallic waterprooL _____________________________ Sec. 13-340 
organ ______________________________________________ 13-6504 

outside _______________________________________ .. ____ 13-7308 
service _____________________________________________ 13-2325, 13-2331, 13- 2332, 

13-2336, Sec. 13-338, 13-7:lal 
switch loops 01. _____________________________________ 13-2006 

Canopies, fixtures__ _ __ _ _____ _ __ ___ __ _ __ _ _ _ _ _ _ __ __ _ _ _ _ _ 13-4121, 13-94101 
Capacitors ___________________________________________ Sec. 13-460, 13-5012, 13-5052, 

13-5072, 13-94601 
Car and car houses ___________________ ~ ________________ Sec. 13-110 

Carrying capacity, conductors __________________________ 13-2403,13-3106, Tables 1, 2 & 3 
cords ______________________________________________ Table 3 
demand 101 leeders and risers _________________________ 13-2203,13-4316 
motor circuits, conductors 01. ________________________ 13-4311 
wires ______________________________________________ Tables 1, 2 &; 3 
neutral feeders . _____________________________________ 13-2203 
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Cellular metal floor raeeways ____________ _ 
Character of construction, maint.enance, etc. ___ _ 
Charging cables in garageL __________________ _ 
Checking grounds _________________________ _ 
Chimneys, lightning protection Cor. __________ _ 
Choke coils __________________________________________ _ 

Circuit hreaker ________________________________ __ (DeC.) 
installation ________________________________________ _ 

setting oL _________ , ______________________________ _ 

Circuits (See also conductors). ____________________ (DeC.) 
Cusing oC __________________________________________ _ 
grounding oL ______________________________________ __ 
guarding __________________________________________ _ 
high Crequency _____________________________________ _ 
isolated plant ______ -- - --- -- - --- -- c- ________________ _ 
motor ____ _________________________ _____ . _________ _ 
protection oL ______________ ~ ______________________ _ 
series light.. _______________________________________ _ 

Order No. 
Sec. 13-356, 13-93561 
1010 
13-5109 
13-2584 
Sec. 164 
13-2823 
1020 
13-2351, 13-2389, 13-2403, 

13-2405, 13-2481, 13-3803, 
13-3811, 13-4327, 13-4347, 
13.,.7136, Table 28 

13-2403 
1020 
13-2434 
Sec. 13-250 
13-7161 
Sec. 13-660 
Sec. 13-720 
Sec. 13-430 
Sec. 13-230 
13-7104 

switches on _________________________________________ Sec. 13-380 
vacuum and inert gas tube ___________________________ Sec. 13-600 
X-ray _____________________________________________ Sec. 13-660 

Class 1 and 2 signal systems ____________________________ Rec.13-725 
Class I, II and III, hazardous loca tions_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sec. 13-500 
Clearances 

antenna ___________________________________________ 13-8133, 13-8123 
back oC switchboards ________________________________ 13-3855 
conductors _________________________________________ 13-2322, 13-2387, 13-3205, 

elevators __________________________________________ _ 

13-3210, 13-3211, 13-3245, 
13-3246, 13-3283, 13-8191, 
13-7323 

13-6262 
sel;vice drops _______________________________________ 13-2322 
wet locatlons _______________________________________ 13-3464,13-3484,13-3732 
working spaces _______________________________ .. ______ 13-1112 

Cleats _______________________________________________ 13-3204 
Climbing space on poles. _________________________ (DeC.) 1020,13-7322 
Code 

history of. _________________________________________ Page 7 
list oC other codes ____________________________________ Page 12 
municlpaL _________________________________________ Page 8 
reCerence to otheL __________________________________ Page 12 
requlrements _______________________________________ Page 8 

Color code, branch circuits _____________________________ 13-2112 
Combination raceways _________________________________ 13-3526 
Committee, advisory __________________________________ Page 7 
Common neutraL _____________________________________ 13-2204, 13-7312 
Common use ____________________________________ (Det.) 1020 
Communication systems _______________________________ Sec. 13-800 
Communication apparatus, grounding ___________________ 13-8031 
Communication conductors _____________________________ 13-8021 

climbing space ______________________________________ 13-7335, 13-8031 
Communication lines ____________________________ (Def.) 1020 

climbing space ______________________________________ 13-7335 
CornpensatOl coils ____________________________ ~ ________ 13-4214 
Compliance with orders ________________________________ 1013 
Compliance with building code __________________________ 13-5433 
Concealed _____________________________________ _ (DeC.) 1020 

knob and tube work ________________________________ Sec. 13-324 

Condensers (See capacitors) 
Conductance oC indi~idual grounding conductoL _________ 13-2551 



Conductor conflict __ _ 
conductors _________ _ 

EI,ElCTRICAL CODE-INDElX 

(De!.) 
(DeC.) 

Order No. 
1020 
1020. 13-93001. 1603 

::157 

alurninum __ , ____ _ 
antenna ____ ____ __ ._ 

13-1109. 13-3106. Tables 1 & 2 
Ser.13-810 

armored cable _______ _ 
al"mored cord_ . ____ . __ _ 

asbestos covered __ . ____ . _ 
usbestos-varnished-cambric_ 
attached to buildings ________ . 
bare (See uninsulated) 
carrying capacitios __ . _ ._ 
color code ________ " _____ .. 
communication_ _ _ _ _ _ _." __ . 
copper _____________ __ _ 

corrosive locations ____ _ 
deflection 01- ______ . 

Sec. 13-334. 13-93341 
Table 31 
13-3005. 13-93101 
13-3102. 13-93101 
13-7301 

13-2403. 13-3106. Tables 1 & 2 
13-2112. 13-93846 
13-8012 
Table 18 
13-3102 
13-3736 

deteriorating agencies ____ . 13-1110. Table 1. Note 10 
different systems ____________ . _ _ __ __ _ __ _ _ _ _ _ ___ _ _ _ 13-3011. 13-7266 
dimensions oL_________________________________ Tables 13 to 18 
elevator _________________ - __________________________ 13-6204. 13-6211. Table 31 
fasteners ___________________________________________ 1610D 
fixture wire _____________ - - _ - ________________________ 13-4142 
flexible cord ________________________________________ SLC. 13-400. Table 31 
form and size. lightning rod __________________________ 1610 
gauge ______ - - _ - _ - -- _ - - - - - -- ___ - _ - _ c - - _ - _ - - - _ - __ - - _ - 13-1108. Table 18 
grounded ___________________________________________ 13-2001. 13-2303. 13-2351. 

13-2371. 13-2409. 13-2557. 
13-3801. 13-94002 

grounded. fuse in. ___ . _______________________________ 13-2409 
grounding. installation of ________ . ___________________ 13-2592 
grounding __________________________________________ 13-2591 to 13-2599 
guarding _____________________ ~ __________ .. __________ 13-1102. 13-2387 
idontification _______________________________________ 13-·pa101 
in elevator hoistways ______________________________ ._ 13-6218 
in multiple _________________________________________ 13-3018. 13-3105 
in raceways _______________ - ________________________ 13-7265 
installation __________ - ______________________________ Sec. 13-300 
insule.tion __________________________________________ 13-3102. 13-93101 
joints On lightning ___________________________________ 1610C 
lateraL ______________________________________ (Del.) 1020 
lead covered ________________________________________ 13-2303.13-2313.13-3102. 

13-6021. 13-6031. 13-7115. 
13-93101. Tables 5 & 16 

lead-in _____________________________________________ Sec. 13-810 
lightning protection ________________________________ _ 
markings and tags __________________________________ _ 
materia� ___ . _________ - _____ - _______________________ _ 
minimum sizes ____ ___ - _____ - _______________________ _ 
motors __________________________ _____ _____ ________ _ 
nentraL __________ - _ - _____ - _______________________ _ 

non-metallic sheathed cable _________________________ _ 
0utside _____________ - _____________________________ _ 
paper covered _______ - _____________________________ _ 
polarity identification _______________________________ _ 

protection oL ____________________ _ 
in damp locations ________________ _ 

Part 6 
13-93101 
13-1109. 1610A . 
13-3103. 13-4006. 13-4142 
13-4311. 13-6653 
13-2204. 13-2205. 13-2302. 

Tables 1 & 2 
13-93361 
Sec. 13-730 
13-2303. 13-3102. 13-93101 
Sec. 13-200, 13-4151. 

13-5104. 13-93101. 13-94002 
13-1102. 13-3209 
13-3211. 13-3215. 13-3464. 

13-3484 
in hazardous locations ___________ . _________________ Sec. 13-500 
against inductance ________________________________ 13-3018 
against merhanical injury __________________________ 13-1102.13-3209.13-3212. 

13-3246 
overload __ .. ______________________________________ Sec. 13-240 
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Order No. 
rewiring _____ , ______________________________________ 13-3005, Tables 11 & 12 
rubber-covered ______________________________________ 13-3102, 13-93101, Tabies 13-17 
service _____________________________________________ Sec. 13-230 
signalling __________________________________________ Sec. 13-725 and 13-800 
size, for grounding __________________________________ 13-2593, 13-2594, ·13-2595, 

13-2596, 13-2597 
slow-burning _______________________________________ 13-3102, 13-93101 
slow-burning weatherproof. __________________________ 13-3102, 13-93101 
splices and tapa _____________________________________ 13-2305,13-1118,13-3546, 

13-3565, 13-3625, 13-3748, 
13-4004, 13-4136, 13-7348 

stranded ___________________________________________ 13-3104, Table 18 
aupported by roofs __________________________________ 13-7333 
aynthetic inaulation __ , ______________________________ 13-93101 
temperature Iimitations ______________________________ 13-3102, 13-4122, 13-93101, 

Tables 1 & 2, Notes 6 & 7 
thermoplaatic ____ c __________________________________ 13-3102 
type \ettf>rs _________________________________________ 13-3102, 13-93101 
tinsel cord __________________________________________ 13-4006, Table 31 
underground ________________________________________ 13-2303, 13-2311, 13-2550, 

13-3102, 13-8031 
uninaulated _________________________________________ 13-2303, 13-2591, Sec. 13-328, 

13-3382, 13-3403, 13-6113, 
Tables 1, 2 and 18 

use of flexible cords __________________________________ Sec. 13-400, 13-5104,13-5105 
varnished cambric-covered ___________________________ 13-3002, 13-93101 
weatherproof _______________________________________ 13-3002, 13-93101 

Conduit (See also Ducts) _________________________ (DeL) 1020 
construction ________________________________________ 13-93461 
corrosive vapors ____________________________________ 13-3462, 13-4807 
dimension 01. _______________________________________ Table 19 
flexible _____________________________________________ 13-2382, Sec. 13-350 
for grounding conductors _____________________________ 13-2591,13-2592,13-2594 
grounding __________________________________________ 13-2532, 13-2533 

grounding noncurrent-carrying parts ___________________ 13-2542,13-2543,13-2544, 
13-2545 

hazardous locations __________________________________ 13-5025,13-5054,13-5073 
liquid tight flexlble __________________________________ See. 13-351 
outlet boxes for _____________________________________ 13-3007,13-3008,13-3009, 

Sec. 13-370 
outside ____________________________________________ 13-2338, 13-7341 
required sizes ______________________________________ Tables 4, 5, 9, 11, 12 
service entrance_____ __ _ _ _ __ _ _ _ _ _ _ __ __ _ _ __ _ _ __ _ _ _ _ _ 13-2331, 13-2332, 13-2337, 

13-2338, 13-2339 
use oC___________________________________________ 13-1102, Sec. 13-346 
wiring method ______________________________________ Sec. 13-346 

Conflict. _______________________________________ (Del.) 1020 

Connection of radio equipment to power aupply ___________ 13-8102 
Connectora ___________________________________________ Sec. 13-100, 13-1117, 13-2358, 

13-2614 
Constant-current circuits, <aee alao series circuits) _________ 13-7104 
Conatruction of. 

boxes for conduit. __________________________________ Sec. 13-370 
lines and equipment. ________________________________ 1010 
rheostats, resistances, etc. ____________________________ Sec. 13-470 

Construction speeitications _____________________________ Chapter 9 
Control apparatus _____________________________________ 13-4381 to 13-4390 

apparatua in garages _________________________________ Sec. 13-510 
circuit, protection for. _______________________________ 13-4371 to 13-4374 
circuits over 600 volts _______________________________ 13-4421 to 13-4425 
equipment. ________________________________________ 13-4381 to 13-4390 

Controlof, 
cars, cranes, and elevators ____________________________ 13-2543,13-6131 to 13-6136, 

13-6241 to 13-6243 
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Order No. 
remote _____________________________________________ 13-4371 to 13-4374 
rotating machines ___________________________________ 13-4381 to 13-4390 

Controllers ___________ , __________________________ (Def.) 1020 
cranes and hoists ____________________________________ 13-6131 to 13-6136, 13-6143 
motors _____________________________________________ Sec. 13-430, 13-4381,13-94302 

Copper-clad steeL _______________________________ (Der.) 1603 

Cords, flexible ________________________________________ Sec. 13-400, 13-94001, Table 31 
appliance __________________________________________ 13-4231 
carrying capacity _____ . ______________________________ Table 3 
construction ______________________________________ ,_ 13-94001, Table 31 
heater _____________________________________________ 13-4231 
identificatlon _______________________________________ 13-2006, 13-94002 
minimum size _______________________________________ 13-2403, 13-4006 
splices prohibited ___________________________________ 13-4004 
supply electric crane8 ________________________ · ________ 13-5083 
supplying fixtures ___________________________________ 13-4126 
tinseL _____________________________________________ 13-4006, 13-4008, 13-94002 

Corrosion ____________________________________________ 1612B 

Corrosion, protection against- _ _ __ _ _ __ __ _ _ _ _ _ _ __ __ __ _ _ _ _ 13-3003 
Corrosive vapors ______________________________________ 13-3003, 13-3102, 13-3281, 

13-3402, 13-3462, 13-3483, 
13-3522, 13-3542, 13-3622, 
13-3642, 13-4111, Sec. 13-480 

Covers for, enclosed control equipmenL _________________ 13-3803 
live parts __________________________________________ 13-1102 

Cranes and hoists _____________________________________ Sec. 13-610 
common return _____________________________________ 13-6115 
contact conductors __________________________________ 13-6121 
controllers __________________________________________ 13-6131 
grounding __________________________________________ 13-2516, 13-2543, 13-2544, 

13-6144 
ha7.ardous locations __________________________________ 13-5083 
installation of wires _________________________________ 13-6113 
overcurrent protection _______________________________ 13-6141, 13-6142 
switches ___________________________________________ 13-6131, 13-6132, 13-6133, 

13-6134 
track as circuit conductoL ___________________________ 13-6121 
wircs ______________________________________________ 13-6111, 13-6112 

Creepage distance _____________________________________ 13-8133 
(iurrent-carrying parts ___________________________ (Der.) 1020 

isolation, guarding and marking _______________________ 13-0001,13-1102,13-1113 
(iurrent transformers, grounding ________________________ 13-2621,13-2622 
Cutout, bases (Fuseholders) ____________________________ 13-2452,13-2453,13-2461 .. 

13-2471 
box- _________________________________________ (Def.) 1020 

boxes (See Cabinets and cutout boxes) 
for cranes and hoists _________________________________ 13-6141,13-6142 

D 
Damp or wet locations _________________________________ Sec. 13-100,13-2437,13-3102, 

Dangerous conditions (See hazardous locations) 

13-3205, 13-3211, 13-3215, 
13-3342,13-3362, Sec. 13-340, 
13-3422, 13-3464, 13-3484, 
13-3522, 13-3622, 13-3642, 
13-3705, 13-3732, 13-3804, 
13-3852, 13-3883, 13-4111, 
13-4158,13-4163,13-4166, 
13-7341 

Dead ___________________________________________ (Def.) 1020 

Decorative lighting systems ____________________________ 13-7321, Sec. 13-600 
Definit.ions ___________________________________________ 1020, Sea. 160 
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Order No. 
Demand £actor, 

Derived systems or circuito; from autot.ransfornlC'r~ 
Deteriorating agencies, protection against 

rDeL) 1020,13-2203, Sec. 13--100, 
13-4316, Table 29 

13-2003 
13-1110, Tables 1 & 2, Note 10, 

1612 
Device __ _____________ _ 
Diagrams ______ _ 

Different syst-t~ms, wires of __ 

Dimmers ____ _ 

Disconne('ting rnc:ans 
capacitor ___ ________ _ 
heater ___ _ 
motor ___ __ ,_ 
must he indicat.ing _ _ . 
over-current devices_ 
services _________ _ 
signs _ .. __________ _ 

Disconnecting switch. __ . 
Disconneclion of fUfjes_ 
Disconnectors ______ _ 

accessihility _____ _ 
capacity oL ______ _ 
enclosure ______ _ . ___ _ 

lor lightning arrester. 
loclting oL __ 
operating under load ________ _ 
rating _______________ _ 

Distrihution of ground connections_ 
Distribution systems, grounding of .. 
Down conductors ___________ _ 

metal clad huildings ____ : __ 
shape __________________ _ 

structures over 60 It. high_._ 
Dressing rooms _ _ _ 
Drip 100p9 ______ _ 

Driven-pipe ground ___ _ 
Dry cleaning establishmenL 
DuctR _____________ . 
DustprooL ____ _ 
Dust. t.ight. __ 
Dut.y. _____________ _ 

Earth, resistance ht\tween grounded part and 
Earthing (See grounding) 
I~ddy current, precautions againsL 
Effeclivoly grounded_ 
Effecti veness of ground eonnectioll . 
Electrical appliances __ 
El~ctrical discharge fixtures 
Electrically heated appliances 

wires for ____________ _ 
Elpctrical metallic tubing 

J1Jlect.riral supply pquipmput 
L~lp(·tri(·al supply lines _ 
glectrical supply stations 
Ele(,Lric sign. __ 
Electrolyte. 
Elpvation rods 

atlaC'hmpnt. or points 

E 

rDel.) 1020 
Chapter 10 
13-3011, 13-3526, 13-6217, 

13-6401";, Sec. 13-ROO 
13-5225, 13-5293 

13-4607 
13-4241 
13-4401 
13-2355, 13-4405 
13-2440 
13-2351, 13-23R8 
13-6002, 13-6003 

__ (Del.) 1020 
13-2440 

_ __ (DeL) 

_(DeL) 

_(Del.) 
_____ rDel.) 
_____ (DeL) 

__ (Del.) 

1020 
13-3808, 13-4409 
13-4402, 13-4403 
13-3803 
13-2825 
13-440Q 
13-4402 
13-4402 
1617B 
13-2511 to 13-2514 
1603 
1615E 
1615 B & C 
1615D 
13-5261, 13- 5262 
13-2335, 13-2337, 13-3215, 

13-7327, 13-8021 
13-2583, 13-R041 
13-5004 
1020 
1020 
1020 
1020 

13-25R4 

13-3018 
.(DeL) 1020 

13-2551 
Sec. 13-422 
13-41H1, 13--1191 
Sec. 13-422 
13-4231 

rDef.) 1020, Sec. 13·-348, 13-6206, 
TableR 4 to 11, 13-934Rl 

_(DeL) 1020 
(DeL) 1020 

_(DeL) 1020 
(DeL) 1020, Sec. 13-600 

Ree. 13-4HO 
(D,·L) 1603 

1611A 



uraces 
size and (orm 

~;Ievators ___ _ 
f'ables _________ ._ 

('onductors, installation 
eontrol __ 
grounding __ 
in garages __ 
live parts __ 
overcurrent protection __ _ 
switches _____ ________ _ 
traveling cables _________ _ 

Order No. 
. _ 1611C 

... _ 1611B 

Sec. 13-620 
'rable 31, 13-6204, IH 62:11 
13-6211 
13-6241 
13-2543, 13-6271 
13-6242 
13-6203 
13-6251 
13-6241 
13-6231 

wires and cables ... _________________________________ 13-6204,13-6205,13-62(1) 

~Jmergf'ncies, waiver of rules in _______________ __________ l013A 
Bmergency lights __ .. __________________________________ 8ec.13-70) 

controL ____________________________________________ 13-7031 
current supply ______________________________________ 13-7011 
derangement aignals _________________________________ 13-7012 
independent of other lighting _________________________ 13-7022 
overcurrent protection _______________________________ 13-7041 
signals, derangement.. _______________________________ 13-7012 
systems under 50 volts _______________________________ 13-7002 
tests. _______________________ : ______________________ 13-7004 
where required _________________ . _____________________ 13-5202 

Enclosed ________________________________________ (Del.) 1020 

Enclosed fuses, dimensions oL __________________________ Table 34 
construction ________________________________________ 13-2451, 13-2461, 13-92401 

Enclosing, arcing part" _________________________________ 13-1114 
live oHrt .• _________________________________________ 13-1113,13-5111,13-5222, 

13-5284, 13-5286, 13-5293, 
13-5313, 13-6203 

Enclosure, for control equipment ________________________ 13-4432 
guarding by, arcing and heating parts _________________ 13-2441 

conductors _______________________________________ 13-1102 
live parts _______________ . _________________________ 13-1113 

of motors ______________________________________ 13-4432 
of switches _____________________________________ 13-3803 

siorage batteries ____________________________________ 13-4807 

Enclosures, Bee cabinets and cutout boxes; see also boxes, 
outlet 

Enforcement ________________________________________ Page 12 

Entrance bushing, (radio) ______________________________ 13-8134 

l~quipmenL---- _________________________________ (Def.) 1020 
accessible to qualified persons only _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13-0001 
accessible to other than qualified persons _______________ 13-0001 
grounding oL _______________________________________ 13-2541 to 13-2545 

guarding (see Guarding) 
identification of (aee Ident.ification) 
inspection oL _______________________________________ 1012 
of less than 600 volt,, ________________________________ 13-0001A 
of more than 600 volts ______________________________ 13-0001B, ~e('. 13-710 

~;xamples ____________________________________________ Chapter 10 

I~xisting installations __________________________________ 1013B 
Exit lights ___________________________________________ 13-7003 

Explosion prooL _________________________________ (Def.) 1020, 13-5001 
Exposed _______________________________________ -Ohf.) 1020 

Extension, application of rules io_. ______________________ 1013B 
I'lxierior bodies of metaL_____ ___________________ 1616A 

K,terllally op"rahlc _____ .. ____ .. ' _ (ner.) 10:.\0 
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F 
Ordur No. 

Farm wiring ________________________________________ Sec. 13-560 
FasteneL _______________________________________ (De!.) 1603 
Feeders _________________________________________ \De!.) 1020, Sec. 13-220, 13-240~, 

TablA 29 
appliances __________________________________________ 13-2203, 13-4242 
demand factor________________________ 13-2203,13-4316 
motoL __________________________________________ 13-4314,13-4315,13-4316 
overcurrent protection ____ _____________ _ 
protection ____________________________ _ 
protection of Bupply _____________________ _ 
voltage drop_c ___________________________ _ 

Fence, breaking continuity 01.__ _ _ _ _ _ _ _ _ _ ___ _ 
Festoon Iighting _____________________________________ _ 
Field rheostats _______________________________________ _ 
Film vault~. Jignts in _________________________________ _ 
Fire-alarm systems ___________________________________ _ 
Fire pump, separate service ________________ . ___________ _ 
FiBhed wires _________________________________________ _ 

Fittings ________________________________________ (De!., 
approvaL _________________________________________ _ 

construction _______________ ._. ____ . ___ . _____ .0 •• _-' __ _ 

installation ________________________________________ _ 
outlet _________________ -_ - ___________________ _ 
plan of investigation ___________________________ _ 

Fixtures, Iighting ____________ _ 
clothes rlosets ____________ - ___ _ 
combustible maleriaL ____ - _____ _ 
conductors. ______ . _._ ._. ____ _ 
connection oC. _______________ ._. _ ... 
construction ___________ ~ ______ _ 

damp locations ________________________ _ 
electric discharge ____________ - ______ _ 
fixtures as raceways _______ ._ 
flush and recessed ________ _ 
grounding _______________ _ 
hay mow _______________ _ 
lampholders ___________ _ 
live parts ______________ _ 
outside _____________ - __ 

overcurrent protection. __ 
polarization. _ .. _____ - __ 
reoeptacles __________ - __ 
rosettes _______________ -

show windows ________ ._ 
studs _______________ _ 
supports ____________ - ___ _ 

temperature limit.'1tion _______ _ 
wiring 01. _____________________ _ 

Flag poles, Iigntning protecUon of. _______ _ 
Flammable gas and flyings ____________________ : _______ _ 
Flashers, sign. ________ ._. ___ . ___ . _. _. ___ . _._. ___ . _. __ _ 
Flat iron, automatic __ ________________________________ _ 

stand 10L _________________________________________ _ 

Flexible conduit _________________________________ CDef.) 

Flexible conduit., Jiqllid-l.ighL _________________________ _ 

Flexible cords, (se~ "OI'ds, l1exihl,-) 
1?lexible tubing, use 01. _______________________________ _ 
Flush switches _________ - _________ .. _ _ _ ________________ _ 

13-2434 
13-2434 
13-2408 
13--220?', 13-4312 _ 

1651 
13-5253, 13-7321 
Sec. 13-470 
13-5307 
13-7294 
13-2321, 13--5602 
13-3244 

1020 
1011 
13-93701 
Seo. 13-370 
13-3008 
13-1:_15 
Sec. 13-410 
13-4115 
13-4124 
11-4142 
13-412.'; 
13-4171, ta-~4100, 13-9HO:;, 

13--94106 
13-4111 
13-4181, 13-4191 
13-4150 
13-4176, 13-94105 
13-2542, 13-4211 
13-5604 
13-4156 lo 13-4108 
13:'4103, 13-4183, 13-4202 
13-7361 
13-2403 
13~4151 

13-4161, 13-4162, 13-4163 
13-4165, 13-4166 
13-4114 
13-94101 
13-4131 
13-4122, 13-4177 
13-4121, 13-4131 
1620 
Sec. 13-500 
13-3805, 13-6004, 13-6008 
13-4243 
13-4235 
1020, 13-2382, Sec. 13-350, 

Tables 4 to 11 
Sec. 13-3nl 

13-3206, 1:l-:3244, 13-:lZ·Hi 
13-3809 

FooUights ____________________________________________ 13-5242, 13-5281 
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Order No. 
Foreign current!!, protootion againsL ____________________ 13-8011,18-8021 
Formal Public Service CommIssion order _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Pages 5 & 6 
Forms of affidavit!! ____________________________________ Pages 9 & 10 

Fumes (see also deteriorating agencies) __________________ 13-3003, 13-3215, 13-3402, 
13-3483 

Furnaces, electric, grounding ___________________________ 13-2515 
Furnace rooms, electric, transformers in ____ ._,, ____________ 18-4523 
Fuses ________________________________________________ Sec. 13-240 

cartridge enclosed ___________________________________ 13-2461,13-92401, Table 34 
disconnection oL ____________________________________ 13-2440 
enclosure ___________________________________________ 13-2436 
for communication apparatus _________________________ 13-8011 
handling of.. _______________________________________ 13-2440 
in grounded conductors ______________________________ 13-2409 
in multiple _________________________________________ 13-2411, 13-93803 
link fus",, __________________________________________ 13-2471, 13-92405 
location 01. ________________________________________ 13-2434, 13-2437 
on panel board _________ " ____________________________ 13-3842,13-3881,13-3882, 

13-93844 
on switchboard _ ____ _ __ _ _ _ ___ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13-3842 
over 600 volt!! ______________________________________ 13-2389,13-4424,13-7143 
plug type ___________________ c ______________________ 13-2451, 13-2453 
rating 01. __________________________________________ 13-2403 
8inl(Ie pole _______ - __________________________________ 13-2409 
tamper-resistant. ___________________________________ 13-2452, 13-2453 
time delay type _____________________________________ 13-2403 

Fuscs and circuit-breakers, accessibility __________________ 13-2435 
enclosures for _______________________________________ 13-2436 
guarding, against arcing 01. __________________________ 13-2441 

live part!! oL _____________________________________ 13-2436 

identification oC ____________________________________ 13-2453,13-2461,13-2481 
in grounded conductors ____ .. _________________________ 13-2409 
in grounding conductorS' _____________________________ 13-2599 
in hazardous locations _______________________________ Sec. 13-500 
installation oC ______________________________________ 13-2401 
marking ___________________________________________ 13-2451, 13-2453, 13-2461, 

13-2481 
where required_. ____________________________________ 13-2403, 13-2405, 13-2434 

G 
Gages (gauges), wire _____________________________ (Del.) 1020, 13-1108 
Galvanic action ______________________________________ _ 13-2610, 13-3462, 13-3483 

1020, Sec. 13-510, 13-2351 
13-5133 

Garages ________________________________________ (Der.) 
charging cables __________________ _ 
commerciaL ___________________ _ 
connectors ______________________ _ 
control apparatus_ .. ______________ _ 
plevatorB _________________________ . _ 
equipment __ .. ____________________ . 
flexible cords ______________________ _ 
generators and motors _______________ _ 
grounding _________________ . ________ _ 
live part!! ________________________ . 
portables _______________________ _ 

wiring _________________________ . 
Gas, flammable ________________ _ 

piping for grounds _____________ . 
Gasoline, bulk storage ___________ . 

dispensing island _____________ _ 
filling station ________________ _ 

13-5131 
13-5105 
13-5103 
13-6242 

.. _ 13-5103 
13-5106, 13-5107 
13-5103 

._ 13-5112 
__ 13-5111 

13-5104, 13-5105, 13-5107, 
13-5108 

13-5121, 13-5131 
.. _ Sec. 13-500 

13-2582 
13-5151 
13-5142 
13-5141 

863 

Gas tube lighting system ____________ _ Sec. 13-600, 13-4181, 13 -4191 
_. _(Der.) 1020,13-11QIl . Gauges, wire _____________ .. 
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General plan of invesligaliol1s _____________ _ 
Genpral recommendations for electrical work __ 
General requirements _______________ _ 
General service requirements __ _ 

Order No. 
13-1116 
Sec. 13-00 

. Sec. 13-110, Sec. 101 
Sec. 13-230 

General~use switch ________________ _ ~~~(Oef.) 1020 
General-use switch, installation _ _ _ _ _ _ _ _ ________ _ 13-3813, 13-4383, 13-4402 
Generators, (see also motors) ______________ _ 

garages ___________________________________ _ 
~ ~ ~~. Sec. 13-445, 13-94451 

13-5103 
hazurdous lo<mtions ________________________ _ 

prot(leLion of_ 

Gl'Ound, 
(~lamps ______________________ -_ - ___________________ _ 

('onnections, made electrodes .. __ .. _______________ _ 
at building service._. __ ~_~ __ ~ _ -- ~ ___ ~ ~ _ ~ _______ ~. __ 

13-5018, 13-5058, 13~~5070 
13-4456, 13-4454 

13-2613 
13-2583 
13-2523 

contact surfaces _________ . _____ . _______ .. __________ 13-2583 
direct current. ____________________________________ 13-2512,13-2513,13-2522 
distribution ______________________________________ 1617B, Sec. 13-250 
for alternating current systems ______________________ 13-2514 
gas piping _________ - - -_ - - -_ -- -. __ __ 
in deep soiL ____________ ~ _____________ .. _________ _ 

13-2582 
1617F 

individual services ________________________________ 13-2523 
in shallow "oiL________________ __ ___________ 1617G 
in trenche>L____________ __ ___________ 1617H 

methods of making__ 13-2551 
moisL _________________ ~ ________________________ 1617C 
mUltiple __________________ .. ___ . _. ___ . _ ... _. _____ 13-2584 
number ___________ ' ______ ~ __ .. __ . __________ . _____ 1617A 
permanency ________________ . _________ ~ ___________ 16170 
permanent and effective ____________________________ 13-2551 
piping _______ . ___ . _______ . _____ . _____ . ___________ 13-2612 
radio" _____________________ . - ~ ___________________ Sec. 13-810 
resistance ________________ ~ ___ ~ ___ . __ .~ _________ 13-258<1 

to building frames___________ 13-2582 
to piping systems __ - -- ___ ~ -- -- -
to railway returns________ - ________ _ 
within building served ___________ ~ _ ~ _ ~ 

resistance _____ ._ _ ___ - - - ___ - - - - - - ______ -. __________ _ 
limits oL _______________ _ 

13-2581 
13 .. 2585 
13-2523, 13-2524 
13-2584 
13-2584 

Grounded ___ ~ _~ ____ ____ ____ . ___ ~ ~ _. ~ ___ ~. _ .(OeL) 1020 
conductor, contfnuity of. __________ ~ _ _ _ _ __ __ 13-2409, 13-3801 

switch in _____________ ~ ______ . ___ ~ 13-3801 
to be identified _________ ~ ___ ~ ____ . 13-2001 
to be inSUlated. ~ _______ ~ 13-3005, 13-2304 

permanently _______________ .. ___ .. ~ ___ ~ ______ . (Oef.) 1020 
system _______ ~ _______ :______ __. _. ____ (DeL) 1020 

Grounding_________________ Sec. 13-250 
alternate metbods__ __ _ _ __ _ _ _ 13-·2582 
alternating current systems ___ _ 
appliances_~ _______________ _ 
armored cablG. ____________ _ 
aI'fPsters . ____ _ 
at. one point only, in building_ 
at.tachment circuit and ?quipmenL 
honding jumpers _______ _ 

cable sheat,hs.. 

capacity of. __ _ 

capacitors _____________ _ 
eircuits ___________ . 
clamps _____ . 
common grounding condudors. 
rommunication arresters __ 

13-2514 
13-4238 
13-2533 
13-2631, 13-2632 
13-2523 
13-2613 
13-2572, 13-2577 
13-2382, 13-2532, 13-2555, 

13-8041 
13~2593, 13-2594, 13~2fi95, 

13-2596 
13-4609 
13-2511 
13-2615 
13-2553, 13-2591 
13-!l041 
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Order No. 
conduct.ol'S_ .. _________________________ _ _ ____ (Del.) 1020,13-2002,13-2351,13-2371, 

attaehmenL oC _____ _ 

capacity 01. ___ _ 

13-2410, 13-2561, 13-2591, 
13-2598, 13-8151, 13-8161, 
13-8171 

13-2613, 13-2614, 13-2615, 
13-2616 

13-2593, 13-2594, 13-2595, 
13-2596 

continnity 01. ___________________________________ 13-2599 
currAnt in ________________________________________ 13-2521 

lor conduit, cable sheaths, and metal raceways ________ 13-2532,13-2533 
lor lightn.1ng arresters ______________________________ 13-2631,13-2632 
for fixed 'equipmenL _______________________________ 13-2591, 13-2595 
for portable equipmenL ___________________________ 13-2596 
for radio equipmenl. ______________________________ 13-8151 to 13-8156, 13-8161 LO 

13-8163, 13-8171, 13-8172 
fnses in __________________________________________ 13-2599 
installation ______ ' _________________________________ 13-2592, 13-8153, 13-8154, 

13-8155 
insulation ________________________________ , _______ 13-2591, 13-8152 
jnints___________ ________ ___ _ _ _ _ _ _ _ __ __ __ ___ _ _ 13-2591 
materiaL _______________ _ 13-2591 
mechanical protection of ________ _ 13-2592, 13-8154 
SiZB of ____________________________________ _ _ 13-2593, 13-2594, 13-2595, 

13-2596, 13-2597 
switch in ________________________________________ 13-2599 

eonduit ______________________________ ,, __________ . _ 13-2382,13-2531,13-2541, 

connections " _______________________________________ _ 
control systems ___________________________________ _ 
controllers _____________________ _ 
cranes and hoist-s ______________ _ 

devi~es __________________________________ _ 
distrihution systems, AC __________ . _________ _ 

13-2551, 13-2571, 13-2591, 
13-2611, 13-5022, 13-5061, 
13-5080 

13-2521, 13-2611, 13-2823 
13-8141 
13-2543, 13-4438 
13-2516, 13-2543,13-2544, 

13--5083, 13-6144 
13-2613, 13-2615 
13-2514, 13-2523, 13-2525, 

13-2594 
DC ____________________________ 13-2512,13-2522,13-259:1 

electrodes __________________________________________ 13-2581, 13-2612 
deep soiL ________ . _______________________ . _______ 1617F 
shallow soiL ____________________________________ 1617G 

elevators________________________ _ __________ 13-2543,13-2544,13-6271 
enclosed switches ______ . _____________________________ 13-3812 

equipment., eonduit, metall'a~mvay and th(> lilm ________ _ 

equipment on structural steel _______________________ _ 
portable.______________ _ ________ _ 

equipmenL over 600 volts 
fixtures ________ _ 
Hexible conduit __________ _ 
fnlm~s of, motors __ . _ 

switchboards _________ . 
furnace, pleetric ______________ _ 
garages ________________ _ 
general.. ________________ _ 
generator frames ______ _ 
individual systems. __ _ 
in guragt's __ . ____ _ 
in hazardous lorutions __ 

13-;-2542, 13-2543, 13-2557, 
13-2560, 13-2561, 13-2580, 
13-2591 

13-2558 
13-2545, 13-2559, 13-259fl 
13-4516, 13-7171 
13-2542, 13-4211 
13-2382 
13-2543, 13-4436, 13· 4437, 

13-4439 
13-2543, 13-:JX58 
13-2515 
13-2543, 13-5112 
Sec. 13-250 
13-2543,13-44f>8 
13-2526 
13-2543,13-5111,13-5121 
13-2576, 13 5H26, 1:1 fiHO(i, 

13 5HR7 
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Order No. 
induction and dielectric equipment. ___________________ 13-6657 
instruments, meters, relays ___________________________ 13-2621,13-2622,13-3859 
interconnection _____________________________________ 13-2631 
interior wiring systems _______________________________ 13-2526 
in wet places _______________________________________ 13-2542 

isolated plants (not over 50 volts) _____________________ 13-2517, 13-2526, 13-7210 
lighting fixtures ____ - ___ - - - ____________________________ 13-2542, 13-4211 
lightning arresters __________________________________ : ___________________ 13-2631, Sec. 13-280, 13-8141, 

13-8142 
lightning rods ____________________________________________________________ 13-2534,13-2546,13-2586 
metal frames- ________________________________________________________ 13-4238 
metal sheath _________________________________________ c _____ 13-2532,13-2533,13-2573 
metallic bodies _____ - - -- -- - -- - - -- -- - __ - _ - _______________ 1616)]) 
meter cabinets _______ - - -- - - -- -- - __ - ______________________________ 13-2571, 13-2573 
methods _____________ - ---- -- - - --- - - - -- -- -_ - - - _______________ Sec. 13 -250 
motor frames _______________________________________________ 13-2543,13-4436,13-4437, 

13-4439 
multiple ___________ -- - - -- -- - - -- -- -- - --- - __ - ________________ 13-2521, 13-2523 
neutral conductors _________________________________________ 13-2513,13-2514,13-2525 
noncurrent-carrying parts ___ - ____________________________ 13-2541, 13-2542, 13-2543, 

13-2544, 13-2545 
nonmetallic sheathed cable ________________________________ 13-2559,13-93361 
on electrical appliances_ - - --- -- -- - - -- - ____ - _________________ 13-4238 
on farms _______________ - -- - - -- - - - - - - - -- - -- - ________ -_ - _______ 13-2524, 13-5603 
organs _________________ ----- - -- - -- ---- ________________________ 13-2543 
outline lighting and signs __________________________________ 13-2597,13-Jl005 
portable devices _________________________________________________ 13-2545,13-2559,13-2596 

raceways __________ - - - - -- - -- - -- - -- -- - - - -- - -- - -- - -- _ - - __ - _______ 13-2532, 13-2533 
radio __________________ - ___ - -- --- - -- -- -- -- - -- - - -_ - _______________ 13-8151, 13-8161, 13-8171, 

13-8192 
ranges __________________________ ------- ---- -- - - _____ 13-2560,13-4238 
scope _________________ ------- ----- ----- ------ ------- - - - __ -- -- -- __ 13-2501 • 
serviee conduit. and equipmenL _____________________________ 13-2382,13-2524,13-2531, 

signal systems_ - -- - - - - - -- - - - - - - -- - - - ~ 

signs __ ____ - - -- - -- - - - - - - - - - - - - - - _. - - -
switch plate _________________________ ---

switchboard frames _______ - -- - - - - - - - --
to buried metal structures __ - -- - - - - - - - - - - --
to limited metallic bodies _______________ _ 
theatre equipment ________________________ __ 

transformer cases and circuits _____________ . 
water piping connections _______________ . 
wet places ______________________________ _ 

wiring methods- - ____________ -- --- ------- - --
wire fences ____________________________ · 

X-ray and high frequency apparatus ______ _ 
Grounds, abandoned __________ -- ----- - ----

arrangement ____ _________ - - - - - --

13-2532, 13-2571, 13-2594 
13-8031, 13-8041 
13-2543, 13-6005 
13-380~ 

13-2543, 13-3858 
13-2582 
13-2582 
13-2543, 13-5271 
13-2621, 13-4516 
13-2581 
13-2542, 13-2545 
13-2556, 13-2575 
1650 
13-2543, 13-6634 
13-2521 
13-2521, 13-2551 

lightning rods __________________ ---- __ 1617 

made _______ - -- - - - -- - -- - - - - - -- -- - - -- -- - - - - - - -- --
multiple ___________ --- --- - --- -- - -- --- - -- - -------
relocated _______ - --- - - - - -- - - - - - -- - -- -- - -- -- ----
resistance oL .. ______ - ---- ---- -. - :-.:. - - - - - --
tests for ____________________ --- -- - --- -- -- ------ ---

Guarded _______________________________________________ (DeL) 

13-2583, 13-8041 
13-2523, 13-2584 
13-2521 
13-2584 
13-2584 
1020 

Guarding ________________________________________________________ Sec. 13-100, 13-1113, 13-2441, 

arcing and sparking part,,_ _ -- _ - -- _ - ____ -- -- - - __ -- - __ - _ - __ 
circuit brenkers _________ - . 
C!onductors ___________ . -------
CUITPnt-rnrrying pnrt".s __ 

13-4431, 13-4333, 13-4457, 
13-4515 

13-1114, 13-2441, Sec. 13-500 
13-2-141 
13-1102 
13-1102,13-IlIS 



equipment ________________________________________ _ 

grounding conductors ________ __________ _____________ _ 
live parts, 

Order No. 
13-1112, 13 -1113 
13-2592 

of cranes and elevators _____ ________________ _ 
of rotating machinery _______________________ _ 
01 switchboards ______________________ _ 

13-6121, 13-6203 
13-430B, 13-4456 

__ 18-3851 
01 switches, fuses and circuit-breakers_____ 13-2436, 18-3R03 
of utilization equipment._____________ _ 13-1113 

met.hods 01.____________________________ _ __ 13-1118 

moving parts____________________ 13-2441 
suddenly moving parts____________ _ _________ 13-2441 
switchboards ______________________________ " 13-3851 
translormers ________________________________________ 13-4546 

Guards, lamp _________________________________________ 13-4163,13-5019, 13-r,()(il, 

13-5079, 13-5604 
Guard strips _________________________________________ 13-3212,13-3247,13-3346, 

13-3366, 13-3367 
Guard zone __________________________________ ___ (DeC.) 1020 

Gutters, auxiliary _____________________________________ See. 13-374 

H 
Handholes (see manholes) _________________________ (Del.) 1020 

. Hazardous locations ______________________________ (Del.) 1020, Sec. 13-500 

Hazardous locations, conductors in 
classification, 

Class L _________________________________________ _ 
Class II ________________________________ . ________ _ 
Class IIL _________________ _ 

classification of appliance ___ _ 
classification 01 atmosphere ___ _ 
conductor insulation __________ _ 
control translormers __________ _ 
electric cranes _______________ '. __ _ 
electric trucka ______________ .. _______ _ 
explosion prooL __________ - ____ _ 
flexible cords __ . _____________ _ 
fuses ____________________ _ 
grounding _________________ _ 
lighting fixtures ____________ _ 
live parts __________________ --

meters and instruments _____ _ 
motors and generators ________ _ 
paints, lacquer finishing .. ______________________ _ 
portables ______ : ______________ _ 

13-5004 
13-5005 
13-5006 
13-5020, 13-5060, 13-5078 
13-5002 
13-5023 
13-5017,13-5057,13-5075 
13-50B3 
13-50B4 
13-5001 
13-5021, 13-5062, 13-5080 
13-5016, 13-5056, 13-5074 
13-5026, 13-5066, 13-50B7 
13-5019, 13-5061, 13-5079 
13-5025, 13-5065, 13-5086 
13-5013 
13-5018, 13-5058, 13-5076 
13-5003 
13-5022, 13-5019, 13-5060, 

13-5061, 13-5079 
receptacles _______________ . _ ___________ 13-5022,13-5063,13-50R1 
sealing ____________________ - 13-5015,13-5055 
signals ____________________ -___ 13-5024,13-5064,13-5082 
storage batteries_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13-5085 
surge protection _________________ - _ 13-5053 

switches, circuit breakers___ ___ _ _ _ _ 13-5016, 13-5056, 13 -5074 
translormers, capacitors_____ _ _ __ _ _ _ _ 13-5012, 13-5052, 13-5012 
wiring methods___________________ _ 13-5014,13-5054,13-5073 

Heating, cooking and baking appliances_ Sec. 13-422 
grounding 01.________________________ 13-4238 
insulation 01. _______________________ - 13-4232 

High frequency apparatus______________ _ _____ Sec. 13-665 
High potential systems ~Ben systems and voltages ovor 

600 volts) __________________________________________ Sec. 13-710 
History 01 code revision ________________________________ Page 7 
Hoi.t.._________________ ____ __ __ ___ _ _ ______ _ _ _ ___ _ _ Spc. 13-(110 

367 
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Hoist.ways _ 
wiring in_ 

1I0tei 

Ord"r No. 
~(Der.) 1020 

13~~6206 

wiring methods __ _ 

Ident.ificaUon, (see polarity idenWlcaUon) 
Identification of, 

I 

conductors _________________________ ~ _ _ _ _ _ _ _ _ __ . 
equipmenL ________ ._._. ___ ~ _____ . __ ~ ~. ~ ~ ~ _ ~ ~ _ ~ 
grounding conductors ___ ___ ____ __ __ _____ _ 

motors .. ___ _ . ____________________ ___ ______________ _ 

utilization equipment ~ ._~~~. _________ ._ ~.~ _. _ .. __ ~ __ ~ 
Illumination of exits_~ ___ ~ _. _~ _ ~ _~ _ ~ _~ _ ~ ~ ________ . __ . ~_ 

theaters~ _______ . _______ ~ ~ ~ _. __ ~ ~ ~ ~ _ ~ ___ ~ __ . ~ _ ~ ___ ~ _ 
Immersion heater __ ~ ____ ._._._ ~ ----- __ ._ ~ ___ ~ ~ _ ~ _____ _ 

13-1102 

13-2005, 13-2006 
13-2008 
13-2559, 13-5022, 13-5063, 

13-5081, 13-94003 
13-4304 
13-2008, 13-4261, 13-4262 
13-7003 
13-5202 
13-4233 

Incandescent lamps _____ ~ __ . __ ~.~ ___ ~ ___ ~~ __ . _____ . ___ Sec. 13-410, 13-94103 
as resistances ________ ~ ~ ~ _ ~~ _ ~ _ ~ ___ ~ ~ ~ ~ __ ~ _ ~ ~ _ ~ ~ _ ~. ~ _ 13-4706 

Inclosed (see enclosed) _____ ~ ~ ____ ~ _____ ._ ~ ~ ~ ~ ~ _ ~ _(Del.) 1020 
fuses ______________________ . __ ~ _. ______ ~ _ ~ ___ ~ ____ ~ 13-2451, 13-2461, Table 34 

Inductance, precautions against excessive ______ ~ _ ~ _ ~ _. ___ 13-3018 
Industrial Commission Codes, list oL __ ~ _ ~ _______ ~ _. __ ~ _ ~ Page 12 
Inert. gas tubes ______ .~ ___ ~ __ .~ _____ ~_~ .. _~_~ _____ ._~. Sec. 13-600 
Infra·red lamps ....• _._~ _____ ~_. ____ ._._~ ... ~_~_~_~ ___ 13-2113,13-2121,13-2126, 

13-4237 
Insp€.ction and repairs __________ " __________ _ 1012 
Inspection of, 

ground connections. __ ~ ~ ~ _ ~ ~ _ ~. ~ _ ~ _. ~ _ ~. _ ~ 13-2584, 13-2612 
Installation, emergency •. _________ ~ ~ _. _. _ ~ _ ~ _ ~. ~ ~ ~ . ~ ___ 1013F 

of boxes, cabinets and outiet and terminal fittings~_ ~ ~ .. _ Sec. 13-370 
of cont\Oiiers _______________ ~ _______ • ____ .~ ___ ~_~_._ 13-4381,13-4386,13-4387 
of switches __ . _______ . _. ____________ • ___ ~ _ ~ __ ~ ~ ~ __ ~ ~ Sec. 13-380 

Instruments, grounding oL __________ ~~. __ .~ .. _.~ __ ~ ___ 13-2621,13-3859 
switchboard. ___________ ~ ____ ~ . __ ~ __ .. ~ _ ~_ ~ .. _. ___ ~ _ 13-3858, 13-93843 

Instrument transformers, grounding _ ~ _ .. ~ _ ~ _. _. ~ ~ _ ... ~ _ 13-2621, 13-2622, 13-3859 
Insulated ____ • _____ • _____ . __________ ~ ~ ~. ~ _ ~ _. _ ~ ~ (Def.) 1020 
Insulating _________________ ~ ________ ~. ~ ~ ~ .. ~ ~ ~ _ .. (Der.) 1020 

joints ____ . ____ ' ____ ~. __ . _. ____ ~ ~ _ ~ ~. __ ~. _ 13-4213, 13-94101 
mats, floors, or platforms (see mats) ___ ~_~_~ .. ~ 13-2623 

Insulation, 
conductors in battery roorns __ ______ _ 
grounding conductor _~ __________ ~ _ ~ _. ~ ~ ____ ~. __ ~ __ ~_ 

Insulation resistance __ . ____ ~ . __ . __ .. _ ~ __ ~ ~. _ ~ _~ ___ . __ ~ 
Insulators, 

13-4807 
13-2591 
13-1119 

for antennas. _____________ .~~ ___ ~ ~_ .. ~_~ __ .~_~~_~.~_ 13-8112,13-8133, Sec. 13-810 
Intent of rules, realization of. _____ ~ ~ __ ~ ~ _ ~ _. _. ~ _ ~ _ ~ ~ ~ ~ _ 1013B 
Inter-building services _______________ ~ _ ~ ___ ~ _ ~ _ ~ ___ . ~. _ 13-2302, 13-2351 
Interior connection of metaliic masses_ _ _ __ ~ _ ~ _. _. ~ _ ~ _ ~ _ 1616 
Intermediate sockets ____ ~ __ ~ ________ . _ ~ _ ~ ___ . ______ ~ __ 13-4161 
Interior conduit grounding~ ____ ~ __ . ~ _ ~ _ ~ _ ~ ~ ~ _. __ ~ ~ ~ ____ 13-2533, 13-2595 
Introduction ___ ~ .. _____________ ~ ~ _ ~ __ ~ ~. ~ _ ~ __ ~ ~ _ ~ __ ~ ___ 1000-1020 inclusive 
Isolated ___ " __________________ ~ _~ ___ ~ ___ ~ _. _____ (Def.) 1020 
Isolated plants ___________________ ~ __ ~ ___ ~ __ ~~ ___ (Def.) 1020, Sec. 13-720 

batterles __________ ~ ______________ . ______ ~ ___ ~ ~ _____ 13-7209 
emergency lighting __ ~ _____________ ~ _ ~ ___ ~ __ __ _ _ __ __ _ Sec. 13-700 
grounding ___________ ~ ______ ~ _ ~ __________ .. ________ ~ 13-2517, 13-2526, 13-7210 
lampholdars and receptacles ______________ ~ _________ ~. 13-7205, 13-7206 

Isolating live parts of, utilization equipment.. ~. ____ ~ _____ 13-1112 
Isolating switch (see switches)------~---.~---------(Der.) 1020 
Isolation by elevation __ ~ _______________ ~ _____ ~ _ ~ _(Def.) 1020, 13-1112, 13-7162 

Isolation of, 
emergency lighting .. ________________ ___ ___ .. _______ • Sec. 18-700, 13-7022 



Jive part~ hy ",levut,jol1. 
oil circuit~breakers and oil swit.ches ______ _ 
Huddenly moving part.s _________ .. ________ . 
transformers_ . _________ ~ __ ________ ___ ._ 

Joiut. use ______ . 

J 

Ord.,· No. 
la-Ill:! 
13-7136 
13-2441 
See. 13-4&0 

. (DeL) 1020 
Joints or splices, in conduct.ors 13-1118, 13-2305,13-:1546; 

13-3565, 13-3625, 13-:l74S, 
13-4004, 13-4149 

in wireways _______________________________________ 13-3625 
in grounding conductor. _____________________________ 13-2591 
taping oC __________________________________________ 13-1118 

Junction boxes ________________________________________ Sec. 13-370, 13-3708, 13-93701 
Jurisdiction of municipal codes __________________________ Page 8 

I{ 
Knife switcbes (see switches) ___________________________ Sec. 13-380 
Knob and tube _______________________________________ Sec. 13-324 

outlet boxes for _____________________________________ 13-3007,13-3248,13-3710 

L 
Ladder space on building _______________________________ 13-7324 
Lamp guards _________________________________________ 13-4172,13-5108,13-5262 
Lampholders _________________________________________ Sec. 13-410 

c1assification ________________________________________ 13-94102, 13-94106 
connection to screw sheIL ____________________________ 13-2004 
construction ________________________________________ 13-94102, 13-94105, 13-94106 
damp locations _____________________________________ 13-4163 
festoon lighting _____________________________________ 13-5253,13-7314,13-7321 
hazardous locations __________________________________ Sec. 13-500 
heavy-duty _________________________________________ 13-2114 
installation __________ - ______________________________ 13-4003, 13-4156, 13-4157, 

13-7361 
isolated plants ______________________________________ 13-7205 
outline lighting, Bigns ________________________________ 13-6022 
used aB lampholders only ____________________________ 13-4156 

Lamp resistances ______________________________________ 13-4706 
Lamps _______________________________________________ Sec. 13-410 

arc ________________________________________________ 13-4205, 13-5284, 13-7104 
electric discharge .. ___________________________________ Sec. 13-410 & 13-600 
hazardous locations __________________________________ Sec. 13-500 
incandescenL _______________________________________ Sec. 13-410, 13-94103, 13-5604 
incandescent as resistances ___________________________ 13-4706 
infra red ___________________________________________ 13-2113,13-2121,13-2126, 

13-4237 
portable hand ______________________________________ 13-4172 
inert-gaB tube ______________________________________ ._ Sec. 13-600 
mercury vapor ______________________________________ 13-4208, 13-94205 
wiring to ___________________________________________ 13-4212 

Lateral conductor ________________________________ (Def.) 1020 
Lateral working Bpace ____________________________ (Def.) 1020 
LawB affecting interior wiring ___________________________ Pages 9, 10 & 11 
Lead coverings for air terminals ________________________ , 1641F 
Lead-in conductOl _____________________________________ Sec. 13-810 

clearance ___________________________________________ Sec. 13-810 
matsrlaL __________________________________________ Sec. 13-810 
size ________________________________________________ Sec. 13-810 

Lead covered wlre _____________________________________ 13-3102, Tahla n, Table 16 
Lovers, protection from suddenly moving ________________ 13-2441 

Lighting 
aud PUWeI' 1"0111 railway lyet.olUs prohibltotL_.. 1.3 ·1111 
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Order No. 
emergency ___________ - _____________________________ Sec. 13-700 
fixture ____________________________________________ Sec. 13-410 

outleL ________ __ _ __ _ _ _ _ _ _ _ _ _ _ __ (Def.) 102Q 
Lightning arresters _________________ . _. ___________ (De!.) 1020, 13-2391, Sec.·13-280 

grounding___________________ __ ______________ 13-2631 
guarding______ ______ __ ___ _ __ _ ________________ 13-2821 
inslallation 01. _______________ . _____________ Sec. 13-280, 13-8022 
interconnection ________ ... __ __ _________ 13-2631 
radio ________________ . ___ .___ .. ___________ 13-8141,13-8142 
signalsystems______________ __ _ __________ 13-8011,13-8041 

Lightning protection fo,-_ _ _ _ _ __ __ _ 1600 to 1652 inc. 
chimneys ___ .. _____________ . __ _ ________ . Sec. 164 
live stock in fields___ ______ __ _ _ _ __ _ __ _ __ _ _ __ _ _ _ Sec. 165 
miscellaneous structures ______________________________ Sec. 162 
smokestacks ________________________________ . 1640 

spires, steeples and flag poles_ _ _ __ _ _ _ _ _ _ _ __ _ __ 1620 
silos_______ _________________ ___ __ _ _ _ _ __ _ _ _ _ 1621 

water towers________________________________ 1621 
Lightning rods ________________________________________ 13-2534,13-2546,13-2536 
Lightning rods lor _____________________________________ 1600 to 1652 inc. 

buildings, containing baled flammable matorials _________ Sec. 163 
metal radio masts _______________________________ ~ ___ 1618 

metal rooled and metal clad buildings __________ ~ ______ 1614,1631 
metal stacks ____________ . ____________________________ 1640 
ordinary buildings ___________________________________ Sec. 161 
ridges, parapets, etc. _________________________________ 1613C 
spires, steeples, flag poles _____________________________ 1620 
water towers, silos and similar structures _______________ 1621 
wooden radio masts _________________________________ 1618 

Lightning rod, 
conductors _________________________________________ 1610 
down conductors ___________________________________ 1610 
ground connection for _______________________________ 13-2586,1617,1641 

Lights for, assembly halls and theatres ___________________ 13-5202,13-5242, Sec. 13-700 
Limited metallic structures, grounding to ________________ 13-2582 
Limit switches ________________________________________ 13-6134, 13-6242 
Line conductor __________________________________ (Del.) 1020 
Lines __________________________________________ (De!.) 1020 
Link fuse _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ 13-2471 
Liquid-tight floxible conduit.. ___________________________ Sec. 13-351 
Live (Alive) _____________________________________ (Def.) 1020 
Live parts, clearance __________________________________ 13-1112,13-1113, Tables 32 &33 

guarding or isolated ___________________ . _____________ 13-1113 
isolation by elevation ________ ~ _______________________ 13-1113 
working space abouL ____ " _______ ._____________ 13-1112 

Live stock in fields, lightning protectiongL ______________ Sec. 165 
Local electrical regulation _____________________________ Page 8 
Location ________________________________________ (De!.) 1020 

to be avoided, antennas ___ .. __________________________ 13-8113 
Lock for control equipment.. ____________________________ 13-4386,13-4409 
L,w-voltage, protection_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _______ (De!.) 1020, 13-4391 

release ____ : _________________________ . _________ (De!.) 1020 
Lugs ________________________________________________ 13-1117 

M 
Machine tools ________________________________________ Sec. 13-670 

branch circuit.. _____________________________________ 13-6741, 13-6742 
conduetors _________________________________________ 13-6721, 13-6722, 13-6723 
control equipment." ______ . _. _ " ________ 13-6731, 13-6732 
"ontrol equipment en(·losul'll __ . ____________________ 13-6732 
flexible cord __________________ . _____________________ 13-6704 
grounding ___________________ . ______________________ 13-6752 

identification. ___ ._. __ .. ___ • _. _. __ .. ___ . _. _. _. _____ . 13-6703 
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Order No. 
lighting fixtures _____________________________________ 13-6704 
moving parts _______________________________________ 13-6713 
overCUlrent protection __________ - ____________________ 13-6741 
wiring method ______________________________________ 13-6711 

Machines, 
protection from accidental starting ____________________ 13-43R6,13-4391 

Manhole_ . ______________________________________ (Def.) 1020 
ManuaL _______________________________________ (Def.) 1020 
. switches, guarding 01. _______________________________ 13-3803 

Marking of, 
conductors _________________________________________ 13-93101 
endosed switches __________ - ____ - ___ - ________________ 13-93801 
oil switches ___________________________ . _____________ 13-93801 
signs_ c _______________ , ___ - ___ - ____________________ 13-6036 
switch __________________ - - - _ -- - ____________________ 13-93801 

Materials for, 
ground conductors ________ - - _ - _____ , ________________ 13-2591 
sign and·outline lighting __ -- - - - - - - - _ - - _______________ 13-6037 

Meehancial execution of work __________________________ 13-1105 
Mechanical injury ____________ -_ - - - - ___________________ 16120 
Mechanical protection 01 conductors _____________________ 13-1102 

Mercury vapor lamps _____ -- - -- - -- - - - - - - - - - - - __ - - - _____ 13-94t07 
Metal 

hodies, independent grounds _________________ c _______ 1616E 
cabinets grounding ______ - - - -- -- - - ___ - _______________ 13-2542 
ciad building ____________ - - - - -- - - - - -_ - - - - ___ --_ (Del.) 1603 
masses interconnection 01. ___________________________ 1616 

molding (see metal raceways) 
projections ________ c ________ - ___ - ___________________ l613D 
raceways, grounding oL _____________________________ 13-2533 

'guarding conductors ____ --- - ________ - ______________ 13-1102 
wiring method ____________ - _______________________ Sec. 13-352 

roofed and metal clad building __________________ (Def.) 1603,1614 
sheathed cable (see also cabie) ________________________ Sec. 13-334 

Meters. 
location in services ______ - - -- - - - -- - _ - - - ______________ 13-2375 
use of switch with ___________________________________ 13-2352 
water, ground connections nnar _______________________ 13-2612 

shunting 01. ___________ -- -- _ - - - - _ -_ - ______________ 13-2612 
Met.hods 101' protective grounding _______________________ Sec. 13-250 
Methods, 01 connection to ground ____ - __________________ 13-2612, 13-2614, 13-2611>, 

13-2616, 13-2617 
of eonstruction ___________ c - - - _ - -- - ___ - ______________ 1011B 

Minimum standard, code _______________________________ 1000,13-0001 
Minor communication lines _______________________ (Def.) 1020 

Modification of, 
rules __ .. ___ ______ - _ - ___ -- - - - - - - - - - - - - - -- - -- __ -- - - - __ 1013 

Mogullampholders ________ - __ - - - _____________________ _ 
installation _____________ - - _ - - __ - - -_ - - - __ - _____ - - ___ _ 

Sec. 13-210, 13-4144, 13-94103 
13-2114 

Moist locations (see damp or wet places) 
Molding (see raceways) 

metaL _______________________ -

Motion picture, hooths _____ _ 
houses ___________________ -
projectors _______________ _ 

non-professional type __ - __ ~ 
professional type ________________ ~ 

studios generaL _____________________ _ 
sound recording and reproduction ______ _ 

____ ~_(De(.) 

wiring _______________________________ - ________ _ 
Motor circuit switch _____________________________ (DeC.} 
Motors ___ • ___________ _ 

automatic re.~tarting_ 

Sec. 13-35? 
Sec. 13-540, 13-5418 
Sec. 13-520 
Sec. 13-540 
13-5402, 13-5432 
13-5401, 13-5411, 13 -5431 
1020, Sec. 13-530 
Sec. 13-640 
13-5411, 13-5418 
1020, 13-4383, 13-1402 
Sec. 13-430 
13-4333 
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Order No. 
capacitors 10L__________________ _ 'rahle 30 
conductors_ ______ ___ ___ _ _ _ ____ __ __ _ _ __ _ _ __ _ 13-4311 
construction _______________________________________ 13-94301 
controllers ________ , _________________________________ 13-4305, 13-43Hl 
current rating ______________________________________ 13-4309 
diagram ____________________________________________ Fig. 20 
disconnecting means _________________________________ 13-4401 
dusty locations _____________________________________ 13--4303 
elevators ___________________________________________ Sec. 13-620 
enclosures __________________________________________ 13-4308 
garages ____________________________________________ 13-5103 
grounding frames ___________________________________ 13-4435 
hazardous locations __________________________________ 13-5018, 13-50fi8, 13-"076 
identification 01. ____________________________________ 13-4304 
identifying code letters _______________________________ 13-94304 
location 01. ________________________________________ 13-4310 
motion picture studios_: _____________________________ 13-5311 
motor wiring tables __________________________________ Tables 20-24 

numher 01 conductors discvnnected ____________________ 13-4326,13-4327,13-4328 
on lighting circuits __________________________________ 13-4332 
overcurrent protection, motoL ________________________ 13-4321, Tahle 20 
overcurrent protection, branch circuiL _________________ 13-4341 
ovel'current protection, feeder _________________________ 13-4361 
overcurrent protection, shunting ______________________ 13-432" 
overcurrent units number ___________________ ,_ _ _ _ _ _ _ _ _ 13-4326, 13-4327 
over 600 volts ______________________________________ 13-4421 
remote controL _____________________________________ 13-2403, 13-4371 
speed limitat;on _____________________________________ 13-4389 
terminals ___________________________________________ 13-4306, 13-4439 

Mounting of apparatus ________________________________ 13-1106 
Movable equipmenL ____________________________ (Def.) 1020 
Multi-outlet assembly ____________________________ (Def.) 1020,13-2116,13-3027 
Multiple artificial grounds • ____________________________ 13-2523,13-2fi84 
Multi wire branch circuits ______________________________ 13-2111 
Municipal codes jurisdiction________________________ Page 8 

N 
Name-plates __________________________________________ 13-1120, 13-4173, 13-4203, 

13-4261, 13-4304, 13-4305, 
13-4517, 13-4611, 13-4706 

Nature of ground connection ___________________________ Sec. 13-250 
Network system, industriaL ____________________________ Sec. 13-450 
Neutral feeders, sizes 01. _______________________________ 13-2203, Tables 1 & 2 
New construction ________________________________ (Del.) 1020 

Noncurrent-carrying parts, conductance of grounding 
conductor __________________________ - ____ - __________ 13-2594, 13-2595, 13-2096, 

13-2597 
grounding. _________________________________________ Sec. 13-250 

fixed electrical utilization equipmenL ________________ 13-2542,13-2543,13-2044 
frames 01 generators, cases of transformers, etc .. ______ 13-2542, 13-2543 
lighting fixtures and fixed electrical devices ___________ 13-2542,13-2543 
metal parts of signs _______________________________ 13-6005 
switches ______________________________ - __________ 13-3812 

N on·metallic outlet boxes__ _ __ _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ __ _ __ _ 13-3248, 13-3369, 13-3408, 
13-3703, 13-3710 

Non-metallic sheathed cable_____ __ _____ _ _ _ _ _ _ _ Sec. 13-336, 13-93361 
installation rules ____________________________________ Sec. 13-336 
specifications ____________________________ - __ - ____ - _. 13-93361 

N on-metallic surface extensions_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sec. 13-342 
N on-metallic waterproof wiring _ _ _ _ _ ___________ . Sec. 13-340 
Non-metallic wiring system________ _ _____________ Sec. 13-300 
Number of artificial grounds______ _ _____________ 13-2584 
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Order No. 
Number of down conductors, 

minimum________ _ __ ______ _ _______ __ ____ _ __ __ _ _ 1615A 
on dead end"- ______________________________________ 1615F 

. on irregular shaped struct.ures .. _______________________ 1615C 
on metal clad buildings ______________________________ 16laE 
on rectangular structures _____________________________ 1615B 
on structures over 60 Ceet high _______________________ 1615D 

o 
Obstructions __________________________________________ 1613H 

Oil filled apparatns 
capacitors __________________________________________ Sec. 13-460 
switches ___________________________________________ 13-3803 
trans,formers ________________________________________ Sec. 13-450 

Open kniCe switches ___________________________________ 13-3813 
Open wiring _____ Co. ___________________________________ Sec. 13-320 

signs and ontline lighting _____________________________ 13-602'1,13-6031 
Open wires ___ .. __________________________________ (DeC.) 1020 

Order oC the Public Service Commission __________________ Pages 5 & 6 
Organs _______________________________________________ Sec. 13-650 

cables _____________________________________________ 13-6504 
Cuses ______________________________________________ 13-6506 
general.. ___________________________________________ 13-6501 
source of energy _______________________ -_____________ 13-6502 

Ornaments on lightning rods ____________________________ 1612D 
Outlet ___________________________________ ~ _____ _ (DeC.) 1020 

nnmber per circuit __________________________________ 13-2116 
Outline lighting __________________________________ (DeC.) 1020 

grounding __________________________________________ 13-6005 
material.. ________________________ " _________________ 13-6037 
open wiring ________________________________________ 13-6021, 13-6031 
receptacle and lampholders _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13-6022, 13-6034 
switches ___________________________________________ 13-6003, 13-6035 
wiring _____________________________________________ 13-6021, 13-6031 

Outside, communication wires __________________________ 13-8021 
supply conductors ___________________________________ Sec. 13-730 

cables ________________________________ ~ __________ 13-2336, 13-7331 
clearance _________________________________________ 13-7323 
common neut.raL _________________________________ 13-7312 
festoon lighting ___________________________________ 13-7321 

fixtures ____________________________________________ 13-7361 
ioint lines ________________________________________ 13-7322 
open conductors __________________________________ 13-7321 
protection on poles ________________________________ 13-2312,13-7326 
raceway __________________________________________ 13-7341 
services __________________________________________ Sec. 13-230 
trolley wires ______________________________________ Sec. 13-615 
underground ______________________________________ 13-2303, 13-2311, 13-2555, 

13-3019,13-3102,13-7351, 
13-8031 

wiring method ____________________________________ 13-7302 
Owrcurrent protection _________________________________ Sec. 13-240 

appliances ________________ . __________________________ 13-4242 
border lights ___ .. ____________________________________ 13-5241 
branch circuits ____________________________ . __________ Sec. 13-210 
busways_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13-3648 
capacitors____ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ 13-4607 
circuit-hreakers_ __ .________________ _ __ __ 13-2351,13-2389, 13-240a, 

cranes and hoiBts_ .. __ ~ ___ . _ .. _. _ ._. ___ .. _~ ___ _ 
diagrams ______________________ . _________________ _ 

13-2405, 13-2481, 13-3803, 
13-3811, 13-4341, 13-4347, 
13-7136 

13-6141, 13 -6142 
Chap. 10 
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elevators ___ ~ ______________________________________ _ 
emergency lighting _________________________________ _ 
enclosures for ______________________________________ _ 
feeders ____________________________________________ _ 
flexible cords ______________________________________ _ 
footlights _________________________________________ _ 
fuseholders ________________________________________ _ 

generators _______ - ___________ - _____________________ _ 
grounded conductors _______________________________ _ 
hazardous locations _________________________________ _ 
induction and dielectric equipment. __________________ _ 
instruments ____ - - _______ - - -- - _________ -. _________ ... 
isolated plants (not over 50 volts) ____________________ _ 
location. _________ . _________________ . ______________ _ 
motors and motor-circuits __________________ . ________ _ 

organs. _________ - _______ - - - - - _____ - _ - - - -. _________ _ 
outline lighting __ - _______ - _ - - - _______ - _ - ___________ _ 
over 600 volts __ c ___________ -- _____________________ _ 

overcurrent units, generaL. __________ . ______________ _ 

overcurrent units. motor circuiL _____________________ _ 
panelboards ______________ - -- - _____ - __ - - ___________ _ 
rating and setting ___________ - - _____________________ _ 

remote control circuits. _. ________ . __________________ _ 
services. ____________________ - __________ - __________ _ 
signal systems _____________________________________ _ 
signs. ___________ . ________ - _________ - __ - - ________ ._ 
switchboard instruments ____________________________ _ 
theaters ___________________________________________ _ 
thermal cutouts and relays __________________________ _ 
transformer ______ . ____ ~ ____ - - _____________________ _ 

Overhead conductors _________________________________ _ 
clearance from ground ______________________________ _ 
clearance over buildings _____________________ _ 

p 

Order No. 
13--6251 
13-7041 
13-2436 
13-2408, Table 28 
13-2403, 13-4008 
13-5241 
13-2451, 13-2452, 13-2453, 

13-2461, 13-2471, 13-92401, 
13-92405 

13-4454 
13-2401, 13-2409 
13-5016, 13-5056, 13-5074 
13-6654 
13-3857, 13-93843 
13-7204, 13-7208 
13-2434, 13-2373 
Sec. 13-430, Tables 24 and 27, 

Diagram 20 
13-6506 
13-6006 
13-2389, 13-4512, 13-7141 
13-2403, Tahle 28, Diagrams 
. 1 to 19 

13-4321, 13-4341, 13-4361 
13-3882, 13-3881 
13-2403, 13-4331, 13-4346, 

13-4347, 13-4362, Tables 1 & 2 
13-7268, 13-7282 
13-2371 
13-7268, 13-7282 
13-6006 
13-93843 
13-5241, 13-5286, 13-5292 
13-2404, 13-4330 
13-4512 
Sec. 13-730 
13-2'322, 13-2324, 13-7323 
13-2322, 13-2323, 13-7324 

Panelboard (see switchboards) ____ _ _ __ (Def.) 1020, Sec. 13-384, 13-2008, 
13-3881, 13-5103, 13-93841 

in elevator rooms ___________________________________ 13-6262 
spacings_.o ________________________________________ _ 13-93847 

Paper insulation ____________________ . ________________ _ 13-2303, 13-3102, 13-93101 
Passageways 

working space not used as ____________________________ 13-1112 
Penalties _____________________________________________ 1013C 

Pendants (see also portables) ___________________________ 13-4115,13-4146 
Permanency of ground connections_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1617D 
Permanently grounded _________________________ : _ (Def.) 1020 
Phase, failure or reversal, protection against ______________ , 13-6243 
Pipe connections for grounding ________________________ _ 13-2581, 13-2594, 13-2595, 

13-2612 
size for made ground ________________________________ 13-2583 
size for grounding at service __________________________ 13-2594 
system grounds. ____________________________________ 13-2594 

Plug fuses ____________________________________________ 13-2451, 13-2453 
Point. __________________________________________ (Def.) 1603 
Points _______________________________________________ 1611 

of attachment of grounding conductors ________________ Sec. 13-250 
A. C. systems _____________________________________ 13-2514,13-2517,13-2523, 

13-2525 
D. C .• ystem. ____ ,_ 13-2512, 13-2513 
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Order No. 
Polarity identitication or, 

color code ______ ___________________________________ _ 13-2112 
conductors ______ ______ _ 
devices ____________ _ 
fixtures ___________ _ 

f1exible~cords- ____ _ 

Pole face ____________ _ 

l)oies, protection on ____ _ 

l'ortabl~ applianc,, ____ .. 
('onductors ____ _ .. ____ _ 

USP, of switches _______ _ 
cord ____________________ . 

(~quipment, grounding of ____ _ 

identification ________________ _ 

on branch circuits __________ _ 
plugging boxes _______________ _ 
strips _____________________ . 

Portable cords 
garages ________________ _ 
identification ______________ . 

in hazardous locations ____ _ _ 
motion picture projectofs __ _ . 
motion picture studios ______ _ 
sound reproduction _________ _ 
use oC _____________________ .. 

Portable lamps 
garages_ . ______ _______ . __ 
guards __________________ _ 

hazardous locations _________ _ 
moUon picture studios. ____ ___ _ 
theaters ___________________ • ______ _ 

13-2006, 13-93101 
13-2008 
13-2004, 13-4151 
13-2006, 13-2559, 13-5104, 

13-94002 

. __ (Dei.) 1020 

13·-231:l, La ·7;)26 

_ . __ . (Del.) 1020 
13-5256, 13 -·r,2!1:l 
13-5293 
13-4003, 13-4231 
13-2545, 13-2559, 13-2596, 

13-4238, 13-4437 
13-2008 
Sec. 13-210 
13-5286 
13-5285 

13-5107 
13-2559, 13-94002 
13-5021, 13-5062, 13-5080 
13-5414 
13-5309 
13-640F 
13-4002, 13-4003, Table 31 

13-5108 
13-4172, 13-5415 
13-5052, 13-5061, 13-5079 
13-5308 
13-5251, 13-5261, 13--5285, 

13-5291 
Portable signs _________________ . _______________________ 13-6009, Sec. 13-600 

Position and connection, of knife switches ________________ 13-3806,13-3807 
Potheads, use oL _____________________________________ 13-7115 
Power-factor correction ________________________________ 13-2115, 13-2125, 13-4606 
Power from railway systems prohibited __________________ 13-1111 
Precautions in garagcs _________________________________ 13-5111 
Prefabricated buildings ________________________________ Sec. 13-390 

Pressure connectors_" _________________________________ 13-1118, 13-2358, 13-2613, 

13-2614 
Prevention of electrolysis to piping systems _______________ 13-2585 
Private plant grounding ________________________________ 13-2526 
Projector enclosures ___________________________________ 13-5401, 13-5433 
Projectors, non-professional ____________________________ 13-5432 

professionaL _______________________________________ 13-5431, 13-5433 

Protecting, (see also guarding) ardng parts _______________ 13-2441, Sec. 13-50u 
by disconnection ____________________________________ 13-2440 
circuits ____________________________________________ Sec. 13-240 
communication apparatus ____________________________ 13-8011 
control circuits ______________________________________ 13-4371, 13-4372, 13-4373 
ends and joints _____________________________________ 13-1118 
moving parts _______________________________________ 13-2441 

Protection against Iightning ____________________________ Part 6 

Protection, 
lo\'{ and under voltage _______________________________ 13-4333 
of oircuits over 600 volts _____________________________ Sec. 13-710 
of olectrically heatod appliances _______________________ Sec. 13-422 
of l(enerat.orR _________________ .. ________________ . ___ 1!l 4454,13 Hr.r. 

375 
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Order No. 
Protective, 

devices (see also overcurrent protection) 
circuit-breakers, luses, relays, thermal cutouts_ _ Sec. 13-240 
for radio equipmenL_____________________________ 13-8141 
lor signal systems. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13-7268, 13-72H2 
lor telephone equipment._ _ _ _ _ ___ ___ __ _ _ __ __ _ _ _ _ __ 13-8011 
when lor more than 600 volts__________ 13-7141,13-7142,13-711:1 

grounding_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sec. 13-240 
surge protection _____________________________________ 13-5053 

Public address systems _________________________________ Sec. 13-640 
Public Service Commission, Order _______________________ Pages 5 & 6 
Pull box dimensions ___ , _______________________________ 13-3708 
Pull wires ____________________________________________ 13-3013 

Q 
Qualified ________________________________________ (Del.) 1020 

R 
Raceways _______________________________________ (Del.) 1020, 13-3003 

A. C. in metuL _____________________________________ 13-3018, Sec. 13-346, 13-34H, 

13-350, 13-352, 13-354, 
13-356, 13-362, 13-364, 
13-374 

construction ________________________________________ 13-93461, 13-93481, 13-93521, 

13-93561 
continuous _________________________________________ 13-3005, 13-3016 
enamel coated ______________________________________ 13-3003 
expansion __________________________________________ 13-3020 
exposed to different temperatures _____________________ 13-3015 
grounding __________________________________________ 13-2531, 13-2542, 13-3017 
metaL _____________________________________________ Sec. 13-346, 13-348, 13-350, 

13-352, 13-354, 13-356, 
13-362, 13-364, 13-374 

number of conductors in _____________________________ 13-3002,13-3466,13-3486, 
13-3524, 13-3545, 13-3564, 
13-3624, 13-3745, 13-5212, 
13-6021, 13-6214, 13-6403, 
13-8012, Tables 4 to 19 

outside _______________________ - ____________________ 13-2338, 13-7341 
sound recording _____________________________________ 13-6404 
splices in ___________________________________________ 13-3005, 13-3625 
support of vertical conductors ________________________ 13-3014 
underfloor __________________________________________ Sec. 13-354 

underplaster exten..ions ______________________________ Sec. 13-344 

Radio, orders _________________________________________ Sec. 13-810 
masts, lightning protection ___________________________ 1618 
noise suppressors ____________________________________ 13-8181 

Railway, systems, prohibited as source of light and power __ 13-1111 
Rain-tighL _____________________________________ (Def.) 1020 

Ranges, electric, 
controL ____________________________________________ 13-4241 
"demand" for feeders 01. ____________________________ 13-2203, Table 29 
grounding __________________________________________ 13-2560 

neutral conductor size _______________________________ 13-2121 
wiring for __________________________________________ 13-3382 

Rating _________________________________________ (Del.) 1020 
Reactors _____________________________________________ Sec. 13-470, 13-94701 

Readily accessible ________________________________ (Del.) 1020 
Realization 01 intent of orders __________________________ 1013 
Receiving stations, radlo _______________________________ Sec. 13-810 
Receptacle outlet _______________ • ________________ (Del.) 1020 



ELI~CTnICAI, CODE-lNDEX 

Receptacles _________________________________________ _ 
in dwellings _______________________________________ _ 
in ftoor _________________ _ 

Order No. 
Sec. 13-410 
13-2115, 13-2124 
13-4162 
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on branch circuiL _______ _ 13-2115, 13-2116, 13-2121, 
13-2123, 13-2124, 13-2127, 
13-4241 

outline lighting and signs _____________________________ Sec. 13-600 
plates to he insulatcd ________________________________ 13-4215 
ratinl! _____________________________________________ 13-4161 

Reconstruction __________________________________ (DeL) 1020 
Rectifiers, motion picture ______________________________ 13-5416 
Remole controL ______________________________________ 13-4371,13-4372,13-4373, 

13-4374 
Remote control, low-energy and signal circuitB ____________ Soc. 13-725 

c1assification ________________________________________ 13-7253 
class 2 systems ______________________________________ 13-7281, 13-7291 
grounding __________________________________________ 13-7271 
in communication cahles _____________________________ 13-7256 
low-energy power circuils ____________________________ 13-7254 
overcurrent protection _______________________________ 13-7268, 13-7282 
safety control devlces ________________________________ 13-7255 
transformer rating ___________________________________ 13-7283 
wiring method ______________________________________ 13-7261 

Resistance devices, 
construction ________________________________________ 13-94701 
installation _________________________________________ Sec. 13-470 
lamp ______________________________________________ 13-4706 

Resistance of ground connections____________ ______ 13-2584 
Resistors _____________________________________________ Sec. 13-470 
Rewiring existing raceways _____________________________ Tables 11, 12 
Rheostats ____________________________________________ !'ler. 13-470, 13-5416, 13-94303 
Rigid conduit ___________________________________ (De!.) 1020 
Rod size for art.ifidal grounds___ _ __________ 13-2583 
Roof conductor__________ ____ _ _____ (Def.) 1603 

Roofs, 
conductors crossing. __ __ _ 

Rosettes ______________ _ 

Rotating machinery _____ _ 
auto transformer starters ___ __________ _ 
control apparatus_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 
disconnecting means __ _ 
generaL ___________ _ 
generators ___ ______ _ 
grounding of ______ _ 

guarding Ii ve parts oL __ 

mol,orB .. _ 

Ruhber insulated conductors 
mal'!. 

Rural districls 
Rural wiring 

Scope of code __ 
for utilization equipnwlll 

Sealable equipment.. 
Realing conduit, hazardous IOl'atiooB 
Rlluling latprnl:-\ 

13-2322, 13-7324 

Sec. 13-410, 13-2439, 13-4165, 
13-94104 

Sec. 13-430, Ser. 13-445 
13-94302 
13-4381 to 13-4390 

_ 13-4401 to 13-4411 
13-4301 
Sec. 13-445 
13-4435, 13-4436, 13-4437, 

13-4439, 13-4458 
13-4431, 13-4432, 13--4433, 

13-4456 
ReI'. 13-430 

Sec. 13-310, t:{-310~, 13-93101 
13-2623 

(D"r.1 1020 
Sel!. 13 IiHIl 

(DeLI 1021l 
100!) 
Ser. 1:1 Ill! 

( l)"f.1 1020 
13-50 If) 
13--2314 
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Secondaries, 
grounding oL ______________________________________ _ 
instrument transformers _______ ___________________ __ _ 

Separation and barriers ____ ___________________________ _ 
Separation of, (see also clearances) bare parts ____________ _ 

Order No. 

13-2514, 13-2523, 13-2525 
13-2621 
13-1102 
13-1102 

Series circuits _______ .. _ _ ____ _ _ ___ _ _ _ _ _ _ _ ___ 13-7104 
isolation oL ________________________________________ 13-7104 

Serit·s lamps __________________________________________ 13-4205, 13-7104 
Service _________________________________________ (Der.) 1020 

cable _________ .. _______________________________ (DeL) 1020 
conductor._. __________________________________ (DeL) 1020 
conduit, grounding __________________________________ 13-2532 
disconnect means_ _ _ _ _ _ _ _ _ _ _ _ ____________ 13-2351, 13-2388, 13-2389, 

13-4408 
drops (cabled) _______ .____ _ __ . _____ (Def.) 1020,13-2303,13-2304, 

13-2321,13-2322,13-2323, 
13-2324, 13-2325 

emergency lighL ____________ . _____ . ________________ 13-7011,13-7033 
enclosures __________________________________________ 13-2381 
entrance condu{!tors ____________________________ (Def.) 1020, 13-2331 
(quipmenL ___________________________________ (De!.) 1020,13-2351, 13-2371, 13-2375 
extra for theaters _________ .. _______________ .. _________ 13-5202, Sec. 13-700 
from main to building overhead _______________________ 13-2321,13-2322, 13-2323, 

13-2324, 13-2325 
fuses ______________________ . __ . ___________________ 13-2371,13-2372,13-2373, 

13-2374, 13-2375 
generaL ________________ -" ________________________ 13-2301 
ground size _____________ .. ___________________________ 13-2593, 13-2594 
hazardous locations __________________________________ Sec. 13-500 
head _______________________________________________ 13-2337 
in vaults ___________________________________________ 13-2389, 13-2390 
meter location ______________________________________ 13-2375, 
on exterior of bullding _______________________________ 13-2331,13-2332,13-2333, 

13-2334, 13-2335, 13-2336, 
13-2337, 13-2338, 13-2339 

overcurrent protection ______________________________ 13-2371 
over 600 volts ________________ . _____________________ 13-2386,13-2387,13-2388, 

13-2389, 13-2390 
pipe __________________________________________ (De!.) 1020 
raceway ______________________________________ (De!.) 1020 

use of switches on ___________________________________ 13-2351,13-2352,13-2354, 

13-2355, 13-2356, 13-2357 
Service-entrance conductors .. ________________________ 13-2303, 13-2304, 13-2305, 

13-2331, 13-2336, 13-23R7, 
See. 13-338 

Service stations _______________________________________ 13-5141 
ShalL __________________________________________ (Def.) 1020 

Shielding equipment from deteriorating ageneies __________ 13-4308 
Shields _______________________________________________ 13-1112 
Should ___________________________ . _____________ (Def.) 1020 
Show window _________ .. _______________________________ Sec. 13-100, 13-2116, 13-2203, 

13-4005, 13-4114 
Shunting water meters _________________________________ 13-2612 
Signal systems ________________________________________ Sec. 13-725 

communication _____________________________________ Sec. 13-800 
elevator ______________ . ___________________________ 13-6202,13-6216,13-6232 
remote contol. ____________________________________ Sec. 13-725 

Signs and outline lighting ______________________________ Sec. 13-600 
controloL ___________ . __ . _________________________ 13-6002,13-6003, 13-600.! 
electrodes______ _ ___ _ ____________________ 13-6034 
enclosnres ________ . __________ 13-6008,13-6037 
gas tuhe_ _ _ _ _ Sec. 13-600 
grounding .. 13-6000 



marking ______ " ___________________________________ _ 
overcurrent protection ___ ___________________________ _ 
switches _______________________________ . __________ _ 
transforrners ___________ ___________________ _ 

wiring, 600 volts or less _____________________________ _ 
wiring above 600 volts ____ - _____ - ___________________ _ 

Silos, lightning protection for _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ . _____ _ 
Size of, 

artificial grounds __________________________________ ._ 
conduit required _____ ~ _________________ ._ .. ________ _ 
ground conductoL _________________________________ _ 

grounding pipe ________________________ . ____________ _ 
interconnecting wires ______________ ______ .. ______ ____ _ 
lightning arrester ground connection __________________ _ 

Slow-burning weather proof wire __________ .. ____________ _ 
Slow-burning wire ____________________________________ _ 

Smoke Btacks, lightning protection 10L _________________ _ 
Snap Bwitches ___________________ - ___________________ _ 
Sockets (see lampholders) _____________________________ _ 
Solderless connectors _________________________________ _ 

Order Nu. 
13-6007, 13-6036 
13-6006 
13-6002, 13-6003, 13-6035 
13-6032 
13-6021 
13-6031 
1621 

13-2583 
Table.. 4, 5, 9 and 11 
13-2593, 13-2594, 13-2595, 

13-2596, 18-2597 
13-2594, 13-2595 
1616G 
13-2631 
13-3102, 13-93101 
13-3102, 13-93101 
Sec. 164 
13-3809, 13-3810, 13-3814 
Sec. 13-410 
13-1117 

Sound recording and reproduction _______________________ Sec. 13-640 
Source of energy for organs ___________________________ .. _ 13-6502 
Span length ______________ .. ______________________ (Def.) 1020 

Special, 
electrical effects ____________ : ________________________ 13-5254 
permission __________________ , _________________ (Del.) 1020 
switches ___________________________________________ 13-3805 

Speed controL ________________________________________ 13-4388 
Speed limit, motors ____________________________________ 13-4389 
Spirea, lightning protection 01. __________________________ 1620 

37U 

Splices, and joints in wires:.. ___________________________ _ 

Spray booth ___________________ - ______________ ._ ._: 

13-1118, 13-2305, 13-3005, 
13-3546, 13-3565, 13-3625, 
13-3748, 13-4004, 18-4149 

13-5003 
Stage, assembly halls, etc. _____________________ _ Sec. 13-520 
Starters, (see also controllers) curs, cranes nnd elevator 

controL _____________________________ . _________ 13-4381 to 13-4387, inrI., 

13-6131, 13-6241 
motor controL ________________ . ____ .. _______ .... _. _____ 13-4381 to 13-4387 
static condenser _____________________________________ Sec. 13-460 

Station, electrical supply __________________________ (Der.) 1020 
Statutes affecting electrical const.ruction ___ .. _____________ Pages 9, 10 & 11 
Steeples, lightning protection fOL _______________________ 1620 
Stopping devices, 101' cars, cranes and elevators .. __________ 13-6134,18-6242 
Storage, about switchboards ____________________________ 13-3855 
Storage batteries ______________________________________ Sec. 13-480, 13-5085, 13-6406, 

13-7011, 13-7209 
conductors_ .. _ .. _____________________________________ 13-4803 
installation 01. ___________________ ... _________________ 13-4803,13-4804,13-4805 
insulation 01. _______________________________________ 13-4804, 13-4805 
rooms _____________________________________________ 13-4807 

ventilation .. ______________________________________ 13-4807 
Stranded wires (conductors) ___________________________ .. 13-3104 
Structure contlicL _______________________________ (Der.) 1020 
SubstantiaL _____________ .. _____________________ _ (Del.) 1020 

Substations (see stations) 
over 600 volts __ .. _______________________ · ____________ 13-7112,13-7135,13-7163 

Substitution for regular conductors ____________________ .... 1616F 
Suddenly moving parts, protection from _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13-2441 
Supply equipmenL ________ .... __ .. _________________ lDef.) 1020 
Supply lines, electricaL ___________________________ (Def.) 1020 
Supply stations, electricaL _______________________ (Del.) 1020 
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Order Nu. 
Supporls, 

batoory _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13-4R06 
Surface metal raceways_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sec. 13-352, 13-93521 
Surge protection_ _ _ ___ _ __ __ ____ __ _ _ _ _ _ ____ _ _ _ _ _ _ _ _ 13-5053 
Switch _________________________________________ (Del.) 1020 
Switchboards and panelboards _____________________ (De(.) 1020, Sec. 13-384, 13-93841 

accessibility 01. _____________________________________ 13-3851 
bare parts __________________________________________ 13-3851 
clearances __________________________________________ 13-1112, 13-3854, 13-3855, 

13-7161 
garages ____________________________________________ 13-5103 
grounding __________________________________________ 13-3858, 13-3859 
instruments ________________________________________ 13-3859 
protection __________________________________________ 13-3857, 13-93843 
location ____________________________________________ 13-3851, 13-3852, 13-3853, 

13-3854 
portable in theatres _________________________________ 13-5291 
spaces around ______________________________________ 13-3854, 13-3855 
theater ____________________________________________ 13-5221 
wiring on __________________________________________ 13-3843, 13-3856 

Switches ________________________________________ <De(.) 1020, Sec. 13-380, 13-1115 
accessibility ________________________________________ 13-3808 
accidental operation _________________________________ 13-3806 
ahead of fuses_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13-2440 
appliance __________________________________________ 13-4241 
arrangement 01. ____________________________________ 13-3808 
blades dead ________________________________________ 13-3807 
capacity 01. ________________________________________ 13-3813, 13-6133 
circuit-breaker ______________________________________ 13-3811 
connection 01. ______________________________________ 13-3802,13-3807,13-93845 
construction 01. _____________________________________ 13-93801 
cranes and hoists ____________________________________ 13-6131 
elevator ____________________________________________ 13-6241 
emergency lighting __________________________________ 13-7031 
enclosed ___________________________________________ 13-2356, 13-3803 
externally operable ________________________________ . _ 13-2356,13-3803 
garages ____________________ . _______________________ 13-5103, 13-6242 
general use _________________________________ · ___ (Def.) 1020,13-3813,13-4383,13-4402 
grounding __________________________________________ 13-3812 
indicating __________________________________________ 13-2355 
in grounding conductors _____________________________ 13-2599,13-3801 
isolating __ __ __ __ _ __ __ __ __ _ __ __ __ _ __ _ _ _ __ __ _ _ __ _ _ __ _ 13-2390, 13-2826, 13-4402, 

13-7137, 13-7138 
knife ______________________________________________ Sec. 13-386. 13-3813 
limit. ______________________________________________ 13-6134, 13-6242 
locking or blocking 01. _______________________________ 13-3806 
marking ______________________________ ~ ____________ 13-93801 
motor circuit. _________________________________ (Del.) 1020, 13-4383, 13-4402 
mounting of snap ___________________________________ 13-3810 
number of poles required _____________________________ 13-2007, 13-3801, 13-4384, 

13-4407 
on switchboards _____________________________________ 13-3842 
open knife __________________________________________ 13-3813 
over 600 volts ______________________________________ 13-7131,13-7136,13-7137 
plates to be insulated ________________________________ 13-3809 
poles, number required __________________ c ____________ 13-2007,13-3801,13-4384 
position and connection, knife ________________________ 13-3806, 13-3885 
rating _____________________________________________ 13-3813, 13-3814 
service _____________________________________________ 13-2351, 13-2357, 13-2388, 

13-2390 
signs and outline Hghting _____________________________ 13-6002, 13-6003, 13-6035 
simultaneous opening ________________________________ 13-2371,13-2409,13-4328, 

13-4423, ).3-6131 



snap switcheg. rating 
special types, time and sign nashers 
I.hree-way. 

Hwitchp-s and circuit breakers. 
arreggibility 01. ___ .. ______ _ 
hazardous locations ____ ___ _ 
identltication ___ . _ __ _ _ _ _ __ 
indication of position __ _ 
location_. ____ . _______ . _. ____ _ 
manualoperation ____ _ 
Ilumbrr or polp..s required 

Bwitchgear, metal eneloscd 
Synthetic insulated conductors ___ _ 
System grounding conductor ._____ . ________ _ 
Systems and voltages of over 600 volts _______ _ 

(~apacit.ors ____ . ________ . _______ _ 
"ontrol ________ .. _________________________ _ 

Order No. 
13-3814 
13-380fi 
13-3802 

13-380R 
Sec. 13-500 
13--93801 
13-2355 
13-2351 
13-2354, 1a -2a92 
13-2007, 13-3801, la-4384, 

13-4407 
13-2389 
13-3102, Ja-9a101 

_ 13-2591 
Sec. 13--710 
Sec. 13-460 
13-7131 

electric discharge ____________________________________ Sec. 13-410 
furnace rooms, transformers in ______________ . __________ 13-4523 
f(as-tube systems ____________________________________ Sec. 13-600 
grounding __________________ .. _____________________ . _ 13-7171 
gualding live parts __________________________________ 13-7161 
injury from fuses ____________________________________ 13-7141 
insulation and interrupting capacity ___________________ 13-7103 
motors _____________________________________________ Sec. 13-430, 13-44U 
outdoor substations ___ . ______________________________ 13-4524 
outside supply conductors ____________________________ Sec. 13-730 
rooms to be locked _________________________________ 13-7165 
series arc lighting ___________________________________ 13-7104 
service equipment.. ______ . _ __ _ _ _ _ _ __________________ 13-2386 
shielding conductors ________________________________ 13-7171 
swil.ches_ _ _ _ __ _ __ _ ________________________________ 13-7131 to 1a-7138 
transformers and apparatus ______________ -------- ____ Sec. 13-450 
transformer vaults __________________________________ 13-4541 
warning signs__ _ _ _ _ _ _ _ _ _ _ __________________________ 13-7138 
wiring ____________ .____________________ 13-7111 
X-ray and high frequency apparatus ___ ~ _______________ Sec. 13-660 

Systems under 50 volts (see isolated plants) 

T 
Tables_____ __ _ _ ___ __________________ Chapter 10 

current-cal'l'ying capacity conductors, raceway __________ 'rable 1 
current-carrying capacity conductOls, open work______ Table 2 
cUfl'ont-carrying capaeity of flexible cords and fixture wire_ Table 3 
number of conductors in conduit or tubing: Types RF-32, 

R, .RH, RU, RUF, RUW, RW, T, TF, TW __________ Table 4 
I.ypes RL, RHL _____________________________ . Table G 

types RF-32, R, RH, RU, RUW, RW, T, TF, TW, more 
than nine wires ___________________________________ Table 9 

eombinations of conductors ___________________________ Table 11 
per cent area of conduit or tubing__ _ _ _ __ _ __ _ _ _ _ _ _ _ _ _ _ Table 12 
dimensions of conductors: 

types RF-32, R, RH, RW, RU, RUF, nuw, TF, T, 'l'W Table 13 
t.ypes RL, RUL, RHL, (lead covered) _______________ Table 16 
t.ypes A VA, A VB, AVL ____________________________ Table 17 

properties of conductors ______________________________ Table 111 
dimensions of eonduit and tubing ___________________ Table 19 
motors! 

conductor sizes, overCUl'rent pl'otection _______________ Table 20 
full-load current, direct curren!... ____________________ Table 21 
fUll-load current, single-pbase__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Table 22 
full-load current, two-phase ________________________ Table 23 

3Hl 
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Order No. 
full-load current, three-phase _______________________ Table 24 
motor hranch circuit protection, codc letters __________ TablE 26 
motor branch circuit protection, no code letters _______ Table 27 

overcurrent units for protection of circuits ______________ Table 28 
demand factors for household ranges ___________________ Table 29 
capacit.or ratings, motors _____________________________ Table 30 
flexible cords _______________________________________ Table 31 
Isolation by elevation, over 600 volts __________________ Table 32 
working space, over 600 volts _________________________ Table 33 
dimensions of cartirdge fuses _________________________ Table 34 

Tag ____________________________________________ (De!.) 1020 
Taping ends and joints ________________________________ 13-1118 
Taps, branch circuits __________________________________ 13-2121 

feeders _____________________________________________ 13-2434, 13~4343, 13-4348 
Technical advisors ____________________________________ Page 8 

Telephone and telegraph (see communication) 
Temperatures, 

protection against ~xe.essive __________________________ 13-4234,13-4303 
Temporary installations ________________________________ 1013 

waiver for __________________________________________ 1013 
Tension ________________________________________ (De!.) 1020 
Terminals, wire _______________________________________ 13-1117,13-2008,13-4009 

identification ______________________ ~ ________________ 13-2008 

Testing 
for grounds _________________________________________ 13-2584 
rooIDS _____________________________________________ 1013 

Theaters and motion picture house"- ____________________ Sec. 13r520 
border cables _____ : _________________________________ 13-5243 
border lights ________________________________________ 13-5282 
damper controL ____________________________________ 13-5247 
dimmers ___________________________________________ 13-5225 
dressing rooms ______________________________________ 13-5261 
emergency lights ____________________________________ 13-5202 
exit lights ____________________________ c _____________ 13-7003 
foot lights __________________________________________ 13-5242, 13-5281 
grounding __________________________________________ 13-2543, 13-5271 
lights on scenery ________________________________ ~ ___ 13-5252 
motion pictUle booths _______________________________ 13-5433 
portable, arc lamps ___________ : ______________________ 13-5251,13-5284 

conductors _______________________________________ 13-5256 
plugging boxes ____________________________________ 13-5286 
strips ____________________________________________ 13-5285 

portable switchboard ________________________________ 13-5291 to 13-5293 
services ___________________________________ . _________ 13-5202 
sp(cial electrical effects ______________________________ 13-5254 
stage switchboard ___________________________________ 13-5221 
string or festoon lights _______________________________ 13-5253 
switchboard, guarding of ____________________________ 13-5293 
wiring method _________________________________ ~ ____ 13-5211 

Therapeutic equipmenL _______________________________ Sec. 13-665 
Thermal cut-outs and relays ____________________________ 13-2404,13-2440,13-4330 
Totally-enclosed motor ___________________________ (Def.) 1020 
Trailers, wiling 01. ____________________________________ S(c.1a-690 
Transformers _________________________________________ Sec. 13-450 

askarel-insulated ____________________________________ 13-4522 
auto-transformers _______ , ____________________________ 13-2003 
construction ________________________________________ 13-94501 
dry type ___________________________________________ .13-4521 
electric discharge ____________ ~ _______________________ 13-4194 

'grounding case ______________________________________ 13-4516 
guarding ___________________________________________ 13-4515 
hazardous locations ______ c ___________________________ 13-5012,13-5052,13-5072 
in electric furnace rooms _____________________________ 13-4523 
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Order No. 
location______ __ _ _ _ _ _ _ _ _ _ _ ___ _ 13-4511, 13-4541 
nameplate________ __ __ __ _ _ 13-4517 
oilfilled____________________________ _ 13-4523 
overcurrent protection_ _ _ _ _ _ _ _ _ 13-4512 
parallel operation__ __ __ __ __ __ __ 13-4514 
secondary ties_________________________ 13.4513 
signalling _________________ ~ ________________________ 13--7283 

sign and outline lighting .. ____________________________ 13-6082 
vaults for __________________________________________ 13-4541 
with capacitors _____________________________________ 13-4604 
X-ray _____________________________________________ Sec. 13-660 

Trees,lightning protection oL __________________________ 1652 
Transmitting station __________________________________ Sec. 13-810 
Trolley systems, as a sourcr: of light and poweL __________ 13-1111 
Trolley wires in private plants __________________________ Sec. 13-1l15 
Tubes and bushings .... __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ 13-3246 
Tubing, flexible _______________________________________ 13-3206, 13-3244, 13-324~ 
Type S fuse __________________________________________ 13-2452,13-2453 

U 
Underfloor raceways ___________________________________ Sec. 13-354 

Underground 
conductOls (see conductors) __________________________ 13-2303,13-3019,13-3102, 

'13-3342 
service _____________________________________________ 13-2311 to 13-2314 

Underplaster extensions _____________________________ ~ __ Sec. 13-344 

Under voltage protection (see low voltage protection) 
Uniformity with existing construction ____________________ 1013 
Urban districts __________________________________ (Def.) 1020 

Use of 
approved material and construction methods ___________ 1011 
flexible cord ________________________________________ Sec. 13-400 
overcurrent protection devices ________________________ Sec. 13-240 

Utilization equipmenL ___________________________ (Def.) 1020 

construction, installation and maintenance oL _. _________ Part 3 

V 
Vapor lamps, mercury ___________________________ , _____ 13-94107 
Vapor-tighL ____________________________________ (Def.) 1020, 13-4111 
Varnished cambric covered wire _________________________ 13-3102,13-93101 
Vault, transformer _______________________________ CDel.) 1020,13-4541 to 13-4548 
Ventilated __ : ___________________________________ CDel.) 1020 
Ventilating ducts, wires in ______________________________ 13-3020 
Ventilation of battery rooms ___________________________ 13-4807 
Vertical conductor Csee also conductors) ____________ (Del.) 1020 
Voltage _________________________________________ (Del.) 1020, 13:'1107, 13-2113, 13-3002 

electric discharge fixtures _____________________________ 13-4183, 13-4194 
Voltage drop _________________________________________ 13-2202,13-4312, Tables 1 & 2, 

Note 8 

W 
Waiving orders _______________________________________ lO13A 
Water pipe connwtions ________________________________ 13-2612 
Water pipe grounds ___________________________________ 13-2581 
Waterproof.. ____________________________________ (Def.) 1020 

Water systems, grounding to ___________________________ 13-2581 
Watertight ______________________________________ (Def.) 1020 

Water towers, lightning protection oL ___________________ 1621 
Watt,. per sq. ft... _____________________________________ 13-2203 
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Weat.herprooL _____ .. _______ _ _ __ (De!.) 
cases ___ ~ ______ _ 
insulation _________ .. _____ _ 

Welders _________________________ _ 
conductor sizes ________ _ 
controllers _____________________ _ 

Order No. 
1020 
13-2351, 13-3804 
13-3005, 13-93101 
Sec. 13-630 
13-6311 
13-6313 

disconnecting means__ __ _ _ _ _ _ _ __ _ _ _ _ _ 13-6333 
mot.or--generator welders _ __ _ __ __ __ _ _ _ _ _ _ __ _ _ _ __ _ __ _ 13-6321 
name plate ____________________________________________________________ 13-6314 
overcurrent protection ______________________________ _ 
resistance welders __________________________ _ 
transformer arc we.lders ___________ _ 

'Well casing, grounding _____________________ _ 
Wet locations (see damp locations) 
Wires, (see Conductors) 
Wire terminals, splices and joints _____________________ _ 
Wireways ___________________________________________ _ 
Wiring, battery rooms ________________________________ _ 

garages _________________________________________________________ _ 
in elevator hoistwaYB _______________________________ _ 
methods __________________________________________________________________ __ 

13-6312, 13-6332 
13-6331 
13-6311 
137 2581, 13-2582 

13-1117,13-2008,13-4009 
Sec. 13-362 
13-4807 
13-5121, 13-5131 
13-6206, 13-6218 
Sec. 13-30C 

armored cable ___________________ .. _. ______ _ ___ _ __ _ _ Sec. 13-334, 13-93341 
auxiliary gutters__________________ Sec. 13-374 
bare conductor feeders __________ . ___________ .. _ _ __ _ _ _ _ _ _ _ _ Sec. 13-328 
busways ___ -' _________________ _ 
cellular metal floor raceways ________________ .. 
conduit work ________________________________________________ _ 
electrical metallic tubing ________________________________________ __ 
flexible metal conduit _____________ , _____________________________ __ 
liquid tight flexible conduiL _______________________________________ __ 
knob and tube work. concealed _______________________________ __ 

13-2108, Sec. 13-364 
Sec. 13-356 
Sec. 13-346, 13-93461 
Sec. 13-348, 13-93481 
Sec. 13-350 
Sec. 13-351 
Sec. 13-324 

non--met.allic sheat.hed cable ________________________________ Sec. 13-336, 13-93361 
non--metallic surface extensions ________________________________ Sec. 13-342 
non-metallic waterproof wiring ___________ _ 
open wires ______________________________________ _ 
over 600 volts ____________________________________________________ __ 
recognized methods _______________________________________________ __ 
service entrance cable ______________ _ 
surface metal raceways ___________________________ _ 
under floor raceways ______________________________ _ 
underpla~ter extensiODs ___________________________ _ 
wireways ________________________________________ _ 

motion picture studios ______________________________ _ 
on switchboards, arrangement _______________________ _ 
signs and outline Iighting ___________________________ __ 

x 

Sec. 13-340 
Sec. 13-320 
13-7111 to 13-7118 
13-1102 
Sec. 13-338 
Sec. 13-352, 13-93521 
Sec. 13-354 
Sec. 13-344 
Sec. 13-362 
Sec. 13-530 
13-3843 
Sec. 13-600 

X--ray apparatus _______________________________________________________________ Sec. 13-660 
grounding ___________________________________________________ , _____________ 13-6634 
wiring ___________________________________ _ 13-6602 

y 
Yard wirinl{ ____ __ __ _______ Sec. 13-730 

z 


