WISCONSIN ADMINISTRATIVE CODE 9

Chapter Ind 42

BOILER AND UNFIRED PRESSURE VESSEL CODE;
EXISTING INSTALLATIONS

Ind 42,001 Application Ind 42.30 Flanged connections
Ind 42,00+ Maximum allowable Ind 42,31 ‘Washout ‘and : inspection
working ‘pr esa.m es openings

Ind 42.01. Code constructgd vessels Ind 42.32 Manholes
Ind 42.02 ‘Pressure calculations for ~~Ind 42.33 Maintenance

shells Ind 42.834 'Threaded openings
Ind 42.08 . Pressure calculations for Ind 42,835 DBoiler setting and instal-
flat “heads and fat ‘sur- lation
faces Ind 42,36 - Access and firing doors
Ind. 42.04 . Pressure calculations for Ind 42.37 Water tube boiler doors
dished heads Ind 42.38 “Low-water ‘cut-off ‘and
Ind 42.05 Dished 'head restrictions ) water feeder
Ind 42.06 -Pressure calculation for Ind 42.33 Safety valves, relief
furnaces and circular fiues valves and connections for
Ind 42,07 Boiler plate thickness unfired ‘pressure -vessels
Ind 42.08 Secondhand boilers and Ind 42,40 Pressure relief devices on
unfired pressure vessels unfired - pressure vessels
Ind 42,09 Factor of safety Ind 42,50 Rules and reports
Ind 42.10. -Strength of materials Ind 42,51 . Hydrostatic test
Ind 42,11 - Shearing sirength of riv- Ind 42,52 Design of riveted patches
ets Ind 4258 “Material for riveted
Ind 42,12 Rivet-dimensions after patches
driving Ind 42.54 Workmanship on riveted
Ind 42,13 REfficiency of joint patches
Ind 42.14 Ligament between paral- Ind 42,55 Calculations for riveted
lel tube holes patches
Ind 42.15 Ligaments between diag- Ind 42,566 Examples of calculations
onal tube holes . for riveted patches
Ind 42,16 “Maximum pressure for ~Ind 42.59 Procedure
cast iron boilers Ind 42.60 Welders
Ind 42,17 .. Safety or relief valves re-. Ind 42,61 . Rules for_ welding
quired Ind 42.62 -Prohibited repairs

Ind 42.18 - Safety valves for low =~ Ind 42.63 ~Procedure
pressure steam, . minia- Ind :42.64 © Defective weld

ture, and power.hoilers Ind 42.65 -.Stressrelieving operations
Ind 42.19 “Water-relief valves for .Ind 4266 Cracks, permissible
hot “water ‘boilers welded repairs
Ind 42,20 7 Thermometers for hot wa-~: Ind 42.69 Corroded “surfaces and
ter boilers seal welding
Ind 42.21 Water glass Ind 42.74. Re-ending and ‘piecing
_Ind 42.22 Gage cocks tubes
Ind 42.23 . Water column piping Ind 42.75 . Patches, material
Ind 42.24 Pressure gages Ind 42,76 Flush ‘or “butt welded
Ind 42,25 - Stop “wvalves on “pressure “patches
discharge outlets Ind 42.78 . Lapped and fillet welded
Ind 42.26 ~Steam mains patches
Ind 42.27 Bottom blow-off or drain. . -Ind 42.79 Stays
Ind 42.28 'Feed pipe Ind 42.80 Additional acceptable re-
Ind 42,29 goirlnbustion regulators for pair methods
oilers

Ind 42.001 Application. The following orders shall apply to unfired
pressure .vessels -or “boilers ‘installed : prior ‘to January.-1, 1957 “and
secondhand ‘unfired pressure vessels or boilers.*

# Note: For the installation, -operation, and field inspection of vessels used
for ‘the storage. and transportation of hquld petrgleum - gases, anhydrous
ammonia, ‘and . all ‘the refrigerant nfaining vessgls, see ‘the state code,
Wh h governs. "The construction, shi spectlon, a) %/repa,u of these vessels:

1 ‘be ‘governed by sections Ind 41.50 and Ind 41.51 and Ind 42.50.to Ind
42 80+0f thls code. e

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.
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10 INDUSTRIAL COMMISSION

Ind 42.005 Maximum allowable working pressures. (1) The maxi-
mum allowable working pressure on a boiler orjunfired pressure

vessel is the safe pressure at which the boiler unfired pressure
vessel may be opelated as determined by chapter fo'f»th»i—s Wisconsin
Admuustl atlve Code.rn e S e

(2) No boiler or unﬁled pressure vessel shall be operated at a
pressure in excess of the maximum allowable working pressure for
such boiler or unfired pressure vessel.

History: Cr. Register, December, 1956, No. 12, eff, 1-1-57.

Ind 42.01 Code constructed vessels. Any pressure vessel that has
been constructed and stamped in accordance with the rules and regu-
lations of the A.S.M.E. Boiler and Pressure Vessel Code, or other
recognized codes, or ‘has the standard stamping of another state that
has adopted the standard of construction of the A.S.M.E. Boiler and
Pressure Vessel  Code, shall be allowed and may be operated at the
maximum working pressure stamped on its shell providing the vessel
is unaltered, in ‘good working order, and not deteriorated by age or
corrosion, . For unstamped vessels, teren operating . pressute shall be
determined ‘by using sections Ind 42 ’through Ind 42.16"inclusive.

History: Cr.- Register, December, 1956, No, 12, -eff, 1-1-57,

Ind 42.02 Pressure calculétions for shells. The maximum allowable
working pressure to be allowed on the shell of a boiler or unfired pres-
sure vessel shall be determined from the following formula:

TS. XtXE
P= R. X F.S.

where P — maximum allowable working pressure, pounds per square
inch,
T.S. = tensile strength of shell plate, pounds per square inch,

t — minimum . thickness of shell plates, inches

E = efficiency - of - longitudinal Jomt,v\{—— method of determining
which ‘is given in section Ind 4

R = Inside radius of the outside course of the shell, S

F.S.=lowest factor of safety allowed by section Ind 42.09.

History: Cr., Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42,03 Pressure calculations for flat heads and flat ‘surfaces. The
maximum allowable working pressure on flat surfaces of boilers and
unfired pressure vessels shall be determined by the following formula:

L ms. Xt
P=0F X EXT.S,

where P = Maximum allowable working pressure, pounds per square
inch,
T.S. = tensile strength of ‘plate, pounds. per square inch,
t = thickness of plate, inches,
d = diameter of head or.shortest unsupported span of head or
maximum ‘pitch between stays, inches, j
.S, = lowest factor of safety allowed by section Ind 42.09.}
Note: No allowance will be made for the holding power of flanges,
History: Cr. Register, December, 1956, No, 12, eff, 1-1-57.

Boiler and Unfired Pressure Vessel Code Register, December, 1956. No. 12



WISCONSIN ADMINISTRATIVE CODE 11

Ind 42,04 Pressure calculations for dished heads. The maximum
allowable working pressure on unstayed dished heads shall be -de-
termined by the following formula:

Pregsure on concave side (plus head)

2XTS. XEXt
8.33 X L

Pressure on convex side (minus head)

2% T.8. XE X t X 0.6
8.33 X L

where t = thickness of plate, inches

P = maximum allowable working pressure pounds per square

inch
T.S. = tensile strength pounds per square inch

L= radius to which the head is dished,
measure on the concave side of the head, incheg

E —efficiency of weakest joint used in forming the head
(Exclusive of the joint to the shell) for seamless heads
E = 1.00.

History: Cr, Register, December, 1956, No. 12, eff, - 1-1-57.

P=

P=

Ind 42.05 Dished head restrictions. Dished heads without skirts or
flanges shall not be used for any pressure.

History: ‘Cr. Register, December, 1956, No. 12, eff, 1-1-57.

Ind 42.06 Pressure calculation for furnaces and circular flues. The

maximum allowable working pressure on furnaces of vertical boilers

/rculal ﬂu;s shall be determined as indicated in sections Ind
O'and Ind 41. 51f this code.

History: Cr, Register, December, 1956, No. 12, eff. 1-1-57,

Ind 42,07 Boiler plate thickness, (1) The minimum ‘thickness of
any ‘hoiler plate under pressure shall be % ‘inch except that boiler
plate in stayed surfaces.shall be 5/16 inch thick minimum.

(2) Seamless shells for miniature boilers may be constructed of
3/16.inch boiler plate.

History: Cr..Register, December, 1966, No, 12, -eff.. 1-1-57,

Ind 42.08 Secondhand bmlels and unfired pressure vess l§f (1) After
Januvary 1, 1957, except those covered by section Ind 42. li’all other
secondhand b011e1s and unfired pressure vessels, by Whlch is meant
a pressure vessel on which both ownership and location are changed,
shall have a factor of safety of at least 6.

(2) Each ‘secondhand pressure vessel shall be inspected and a
hydlostatic pressure test: applied by an authorized ‘inspector, before
it is installed. The hydrostatic pressure test shall be one and one—half
times ‘the maximum ‘allowable working pressure.

(8) A secondhand boiler of the lap seam type larger than 36 inches
in ‘diameter, shall be limited to a maximum allowable working pres-
sure not exceeding 15 pounds.

(4) Boilers the longitudinal joint on which ‘is exposed to:the in-
tense heat of the furnace, shall not be installed for any pressure.

Note: The ‘locomotive or 'inside welt “strap will not be ‘considered -as
strengthening or changing the original type of ‘the 'boiler  joint.

Boller and: Unfired Preésure Vessel Code Register, December, 1956."No. 12



12 ~ INDUSTRIAL COMMISSION

(5) -All secondhand pressure Vessel }zen reinstalled must comply
with all the orders in sections Ind 4150 and Ind 41 1 pertaining to

fittings, appliances, valves and conneetions and settmgs and supports.

(6) A portable boiler avhich is brought into this state for use, shall
be inspected and shall Jfe given a hydrostatic pressure test in accord-
ance with subsection (2)¥of this section and the maximum allowable
working pressure shall be determined’ by using the correct factor
of safety according to section Ind 42.09. f.~

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.09 Factor of safety. Maximum allowable working pressure
shall be determined by using fig.ctm of s‘aﬁgZ‘cy Qf at least 5 except
as provided in sections Ind 42.0144nd Ind 42.08.2

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.10 Strength of materials, When the tensile strength of ma-
terials is mot known, it shall be taken as 55,000 pounds per square
inch for steel and 45,000 pounds per square inch for wrought iron,
30,000 pounds per square inch for copper and 18,000 pounds per
square inch for cast iron, The resistance to crushing of mild steel
shall be taken as 95,000 pounds per square inch of cross sectional area.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57,

Ind 42.11 Shearing strength of uVets. The maximum sheallng
strength of rivets per square inch of cross- sectwnal area shall be
taken ‘as follows:

Ultimate Strength
Pounds per square inch

Iron rivets in single shear . _______ 38,000
Iron rivets in double shear ___ . _________ 76,000
Steel rivets in:single shear _____=oooiiil - 44,000
Steel ‘rivets in ‘double shear .. .o oo -0 88,000 .

History: Cr. Register, December, 195686, No. 12, eff, 1-1-57.

Ind 42.12 Rivet dimensions after driving. When the diameter of the
rivet holes in the longitudinal joints of a boiler or unfired pressure
vessel is not known, the diameter and cross-sectional area of rivets,
after driving, shall be taken from the following tables:

Table 1
Thickness 7% 9/82" 5/16" 11/327 Tagrr 34" 18/32"
of Plate 0.25" 2] 0.2812" | 0.3125” ] 0.834375"') 0.375" 1 0.875". 1 0.40625"
Diameter of 11/16' | 11/16" " 34" 34" 18/16" 187/16”
Rivet after ] up.to &
Driving includ- Over
ing 2 2! pitch
pitch
Cross sectional : g
area of rivet . )
after driving 0.8712 -1 +0.8712 0.4418 0.4418 0.4418 0.5185 “1 "0.5185
8q. in, 8q. in, | - sq. in, 8q. in. sq. in. - | .8q. in. -8q. in.

Boiler and Unfired Pressure Vessel Code Register, December, 1956. No. 12



WISCONSIN ADMINISTRATIVE CODE 13
Table 2
Thickness of 7/16" 7/16" 15/32" 14 9/16” 5"
Plate 0.4375"” 0.4375" | 0.46875" 0.5" 0.5625" 0.625"
Diameter of Rivet %" 15/16" 15/16" 15/16" 1-1/16" 1-1/16"
after Driving up to & over 214"
including | piteh
214" piteh :
Cross sectional area
of rivet after driving 0.6018 0.6903 0.6903 0.6903 0.8866 0.8866
sq. in. sq. in. aq. in. 8q. in. 8q. in, sq. in.
History: Cr. Regisler, December, 1956, No, 12, eff. 1-1-57.

t

Ind 42.13 Efficiency of joint. The efficiency of a joint is the ratio
which the strength of the joint bears to strength of the solid plate,
and, shall be determined as follows:

(1) Fori}qv /ed joints, caleulate according -to sections Ind 4 50

42. o,Vfid 49!

f this co
1 ”and Ind 42.12.

us;ng the values stated in sections Ind

(2) .For welded joints, calculate by reference to the following table:

Table 3

MAXIMUM ALLOWABLE EFFICIENCIES FOR FUSION

WELDED JOINTS

Maximum
o Joint
Type of Joint Limitations Efficiency
Per Cent
Double-Welded Butt Joint None 80
Single-Welded Butt Joint | Longitudinal joints not over 114 inches thick. ‘No
with Backing Strip thickness limitations on circumferential joints. 80
Single-Welded Butt Joint | Circumferential joints ‘only not over 34 inches thick.
without Backing Strip 70
Double-Welded Full-Fillet | Longitudinal joints not over 3§ inches thick,
Lap Joint Cireumferential joints not over %% inches thick. 60
Single-Welded Full-Fillet Circumferential joints only not over 9 inches thick
Joints with Plug Welds and for attachments of heads not over 24 inches out-
side diameter to shells not over ¥ inches thick. 50
Single-Full Fillet Joint For attachments to heads convex to pressure to shell
without Plug Welds not over ‘84 inches thick, only with use of fillet weld
on inside shell; for attachments to heads having
pressure on either side, with fillet weld on outside of
head flange only, to shells not over 24 inches inside|
diameter and not over ¥4 inches required thickness. 50
Forged Weld None 70
Brazed Steel None 80
Brazed Copper None 90

History: Cr.

Register, December,

1956, No. 12, eff, 1-1-57.

Ind 42.14 Ligament between parallel tube holes. When a shell or
drum is drilled for tube holes in a line parallel to the axis of the
shell or drum, the efficiency of the ligament between the tube holes

Boiler and Unfired Pressure Vessel Code

Register, December, 1956, No, 12



14 INDUSTRIAL COMMISSION

.
4

W s
shall be determined as shown in sections Ind 4£.50 and Ind 41.51 of
this code.

History: Cr, Register, December, 1956, No. 12, eff, 1-1-57.

Ind 42,15 Ligaments between diagonal tube holes. When a shell or
drum is drilled for tube holes in a line diagonal with the axis of the
shell or drum, the efficiency of the ligaments bet een the tuhe/ holes

shall be determined as shown in sections Ind 4150¥and Ind 4151 of
this code.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.16 Maximum pressure for cast iron boilers. (1) The maximum
allowable working pressure on a steam hoiler constructed wholly or
principally -of cast iron shall not exceed 15 pounds per square inch.

(2) The maximum allowable working pressure on boilers, the
tubes of which are secured to cast iron headers, shall not exceed 160
pounds ‘per ‘square inch.

History: Cr. Register, December, 1956, No. 12, eff, 1-1-57.

Ind 42.17 Safety or relief valves required. Every boiler or unfired
pressure vessel shall have one or more safety or relief valves set at
or below the maximum allowable working pressure. On power boilers
the remaining valygs may be set at a higher pressure in accordance
with section Ind 4218,

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42,18 Safety valves for low pressure steam, miniature, and
power boilers. (1) Every. boiler shall be provided with safety valve
capacity -sufficient to discharge all the steam that can be generated
without ‘an increase over the maximum allowable working pressure
or to which the valve is set, except a 6% increase while the valve
is - discharging for power and miniature boilers, and a 5 pound per
square inch increase while the valve is discharging for low pressure
steam boilers,

(2) The steam generating capacity of a boiler in pounds of steam
per hour may. be determined by one of the following:

(a) Manufacturer’s maximum output rating.
(b) Pounds of steam

Maxi ta i .
per hour — aximum Btu 11;338 per hour X 0.75

(c) -Actual evaporation test.

(d) On the basis of boiler heating surface or waterwall heating
surface as given in the following table:

Boiler and Unfired Pressure Vessel Code Register, December, 1956. No, 12
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Table 4

MINIMUM POUNDS OF STEAM PER HOUR PER SQUARE
FOOT OF SURFACE

Type of Boiler Surface Firetube | Watertube
Boilers Boilers
Power Boilers Boiler heating surface
Hand-fired b 6
Stoker-fired 1 8
Oil-, gas=, or pulverized fuel-fired. . 10
‘Waterwall heating surface
Hand-fired 8 8
Stoker-fired 10 12
Oil-, gas-, and pulverized fuel-fired__. 14 16
Low Pressure Steam Boiler heating surface
and Miniature Any method of Aring_ .. o coiowoiacnen & b
Boilers
*Shall include cast iron boilers, ;

Note: Compliance with section Ind 42.18— (i) will be required in every case.

(8) On power boilers one or more safety valves on the boiler proper
shall ‘be ‘set at or below ‘the maximum ‘allowable ‘working pressure,
The ‘remaining ‘valves may be ‘set within a range of 8% above the
maximum allowable working pressure, but the range of setting of:all
of ‘the valves on a boiler shall not exceed 10% of the highest pressure
to which any valve is set.

(4) ‘Safety valves which are constructed in accorqg };with the
standavds as specified in sections Ind 4150 And Ind 4151%f this code
are ‘acceptable. Safety valves ‘constructed to other standards may be
used “if -approved by the “industrial commission. Dead-we1ght or
weighted-lever safety valves shall not be used.

(5) “When 2 or more safety valves are used on a hoiler, they may
be mounted either separately or as twin valves made by placing indi-
vidual valves on Y-bages, or duplex, triplex or multiplex valves having
two or more valves in the same body casing. The valves shall be made
of ‘equal ‘sizes, if possible, and in ‘any event if not of the same size,
the ‘smaller of the two valves shall have a relieving capacity of at
least 50% ‘of that of the larger valve,

(6) The safety valve or valves shall be connected to the hoiler
independent of ‘any other steam connection, and attached as close as
practical to the boiler, without any unnecessary intervening pipe or
fitting. " Every safety valve shall be connected so ‘as to stand in an
upright position, with spindle vertical, when possible.

(7) The opening or connection between the boiler and the safety
valve or valves shall have at least the area of the inlet of the valve
or valves. No valve of any description shall be placed between the
required safety valve or valves and the boiler, nor on the discharge
pipe between the safety valve and the atmosphere. When a discharge
pipe is:used, the cross-sectional area shall be ‘not less than the full
area of ‘the valve outlet or of the total of the areas of the valve out-
lets ::discharging thereinto, ‘and -shall be as:short and. straight as
possible -and :so.arranged to -avoid undue. stresses on . the valve or
valves.

Boiler and Unfired Pressure Vessel Code Register, December, 1956, No. 12



16 INDUSTRIAL COMMISSION

(a) All safety-valve discharges shall be so located or piped as to be
carried clear:from running boards, platforms, or otherwise carried
to a safe location.

(b) Provision for gravity drain shall be made in the discharge
pipe, at or near each safety valve, and where water of condensation
may -collect.

(8) (a) The spring in a safety valve in service for pressures up to
and including 250 pounds shall not be used for any pressure more
than 109% above or 10% below that for which it was designed.
For higher pressures, the spring shall not be used for any pressure
more than 5% above or 5% below that for which it was designed.

(b) If the operating conditions of a valve are changed so as to
require a new spring for a different pressure, the valve shall be ad-
justed by the manufacturer or his authorized representative who shall
furnish and install a new name plate.

(9) Every superheater shall have one or more safety valves near
the outlet. The discharge capacity of the safety valve or valves on an
attached superheater may. be included in determining the number and
size of the safely valves for the boiler, provided there are no inter-
vening valves between the superheater safety valve and the boiler, and
provided the discharge capacity of the safety valve or wvalves on the
boiler, ~as distinet. from the -superheater, is at ‘least 75% of the
aggregate valve capacity required. A soot-blower connection may be
attached to the same outlet from the superheater that is used for the
safety valve connection.

(10) .. (a) .Every -boiler shall have outlet connections for the re-
quired safety valve or valves, independent of any other outside steam
connection. The -area ‘of the boiler opening or openings shall be.at
least ‘equal ‘to the aggregate areas of inlet connections of all of the
safety. valves to be attached thereto.  An internal collecting  pipe,
splash .plate, or pan may. be used, provided the total area for inlet
of  steam thereto -is not less than twice the aggregate areas of the
inlet connections of the attached safety valves.. The holes in such
collection -pipes .shall be at least %4 -inch in diameter and the least
dimension in .any other form of opening for inlet of steam shall be
14 ‘inch. :

(b) If safety valves are attached to. a separate steam drum or
dome, the opening between the boiler proper and the steam .drum pr
donie shall be not less than required by section Ind 42.18-(10)—(4).

(¢) ‘When boilers allowed different pressures are connected to a
common steam main and all safety valves are not sget at the lowest
pressure allowed, no safety valve shall be set to exceed by more than
50% the lowest pressure allowed.

(d) “For conditions exceeding those ‘specified in the above para-
graph, “the case ghall be referred to the industrial commission for
decision.

History: Cr. Register, December, 1856, No, 12, eff. 1-1-57,

Ind 42.19 Water-relief valves for hot water boilers. (1) Each hot
water ‘hoiler shall have one or more relief valves of the spring loaded
type, “without -disc ‘guides on the pressure side of the valve. The
valves ‘'shall be ‘set to relieve at a pressure at or below the maximum
allowable working pressure of the boiler.

Boiler and Unfired Pressure Vessel Code Register, December, 1956. No. 12
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(2) Relie ves Whic}gr/ar,e constructed in accordance with sec-
tions Tnd 41.50Yand Ind 41.51%0f this code are acceptable. Relief valves
constructed to other standards may be used if approved by the indus-
trial commission.

(3) Water-relief valves shall be attached directly or as close as
possible to the boiler without any unnecessary intervening pipe or
fitting. A water-relief valve shall not be connected to an internal pipe
in.the boiler. Water-relief valves shall be connected so as to stand up-
right with the spindle vertical when possible.

(4) No shut-off of any description shall be placed between the
water-relief valve and the boiler, nor on discharge pipes between
such valve and the atmosphere.

(5) When a discharge pipe is used its area shall be not less than
the area of the valve or aggregate area based on the nominal diame-
ters of the valves with which it connects. The discharge pipe shall be
pitched away from the valve to prevent water from lodging in the
upper part of the valve ov in the pipe. The water-relief valve shall
be so located and piped that there will be no danger of scalding
attendants.

(6) The required water-relief valve capacity for any hot water
boiler shall be equal to the maximum Btu output at the boiler nozzle
or shall be equal to the boiler heating surface multiplied by 5000.

(7) The water-relief valve capacity for each hot water boiler shall
be such that the valve or valves will relieve all the pressure that can
be ‘generated by the boiler without allowing the pressure to rise more
than 8 pounds above the maximum allowable working pressure of the
boiler.

(8) Every boiler shall have proper outlet connections for the re-
quired water-relief valves, independent of any other connection out-
side the boiler. The area of the opening or openings shall be at least
equal to the aggregate area based on the nominal diameters of all of
the water-relief valves with which it connects.

(9) When a hot water supply is heated indirectly by steam in a
coil or ‘pipe, the pressure of the steam used shall not exceed the safe
working pressure of the hot water tank, and a water-velief valve
of at least one inch in diameter, set to relieve at or below the maxi-
mum allowable working pressure of the tank, shall be used.

History: Cr, Register, December, 1956, No. 12, -eff, 1-1-57.

Ind ~42.20 Thermometers for hot water boilers. Every hot-water
boiler shall have a thermometer so located and connected that it shall
be easily readable when observing the water pressure or altitude. The
thermometer shall be so located that it shall at all times indicate
the ‘temperature in degrees Fahrenheit of the water in the boiler, at
or near the outlet.

History: Cr. Register, December, 1956, No, 12, eff, 1-1-57.

Ind: 42.21 Water glass. Every low pressure steam, miniature and
power boiler shall have at least one 'water glass, equipped with a
valved drain, the lowest visible part of which shall be at or above
the following location except that in all cases it shall be so placed as
to give adequate protection fo those parts of ‘a boiler proper subjeet
to the heat of the products of combustion.

Boiler and Unfiredq Pressure Vessel Code Register, December, 1956. No, 12



18 INDUSTRIAL COMMISSION

(1) "HORIZONTAL RETURN TUBULAR BOILERS—not less than 4 inches
above. the upper surface of the upper row of tubes except when the
distance -between the uppermost surface of the tubes and the top of
steam space is 18 inches or less the distance may be reduced to 2
inches.

(2) :LOCOMOTIVE TYPE BOILERS—8 inches above the highest part. of
the ‘crown sheet.

(8) *VERTICAL FIRE TUBE BOILERS—not less than one-third the length
of the tube above the lower tube sheets.

(4) WATER ‘TUBRE BOILERS—as specified by the manufacturer.

(5) “SCOTCH MARINE TYPE BOILERS—38 inches above the combustion
chamber top. /

i
Note: For Dry Back see section Ind 42.21 {(1)

(6) CAST IRON BOILERS—as gpecified by the manufacturer.

(7) 'OTHER TYPES AND DESIGNS—for other types and new designs
the ‘location 'shall be fixed by the manufacturer subject to approval
by the industrial commission.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.22 Gage cocks. (1) Every steam boiler, except those exempted
below, shall have 8 gage cocks located within the range of the visible
portion of the water glass.

(2) :The following boilers shall not be required to have gage cocks:

(a) Boilers 'which do not have a definite water level.

(b): Boilers which have 2 water glasses spaced not less than 2 feet
apart-on the same horizontal line.

(c) Boilers which have 2 remote water level indicators in addition
to the required water glass.

(d) “Miniature boilers.

(8)..The following boilers shall bhe required to have only 2 gage
cocks:

(a) Low pressure steam boilers.

(b) . Locomotive type boilers not over 86 inches in diameter.

(c) Firebox or water leg boilers in which the water heating sur-
face does not exceed 50 square feet.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42,23 Water column piping. (1) No connectiong shall be placed
on pipes connecting the water column to the boiler except connections
for damper regulator, .feed water regulator, steam gage or drains.

(2). The minimum size of the pipes connecting the water column
to-a boiler shall be 1 inch. Water-glass fittings or gage cocks may be
connected .direct to the boiler.

(3) The ‘water connections to the water column of a boiler, when
practicable, shall be provided with a cross at each right-angle turn to
facilitate cleaning. The water column shall be fitted with a drain cock
or drain valve with a suitable connection to the ashpit or other safe
point -of “waste, and if the water connection thereto has-a rising bend
or. pocket ‘which cannot be drained by means of the water column
drain, an additional drain shall be placed in this connection in order
that it may be blown off to clear any sediment: from the pipe.

(4) The steam -connection ‘to the water eolumn of a-horizontal-
return tubular boiler shall be taken from the top of the shell or the

Boiler and Unfired Pressure Vessel Code Register, December, 1956. No. 12
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upper part of the head; the water connection shall be taken from the
front head at a point not less than 6 inches below the center line of
the ‘shell. For the firebox types of boilers, the water connection to the
water column shall be taken at a point not less than 6 inches below
the lowest water line or as near thereto as possible, and in no case
less than 18 inches above the mud ring.

(5) When shut-offs are used on the connections to a water column,
they shall be either outside-screw-and-yoke type valves or stop cocks
with levers permanently fastened thereto and marked in line with
their ‘passage. Where stop cocks are used they shall be of a type with
the plug held in place by a guard or gland.

History: Cr, Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.24 Pressure gages. (1) (a) Every unfired pressure vessel
or boiler shall be provided with a pressure gage connected to the
upper part of the vessel and so arranged that the gage cannot be
shut off from the vessel except that a shut-off valve or cock shall
be placed close to the gage to permit removal for testing while the
pressure vessel ig in operation.

(b): For steam -boilers the gage may also be connected to the
water: column or water column steam connection. For steam boilers
- a siphon or equivalent device of sufficient capacity to keep the gage
tube filled with water shall be provided.

(2): The dial .of the pressure gage shall be graduated to at least
one “and one-half times the pressure at which the safety. or relief
valve is set except as follows:

(a) On low pressure steam boilers the gage shall be graduated to
at least 30 pounds per square inch.

(b) On hot water boilers the pressure or altitude gage shall be
graduated to at least one and one-half times the maximum allowable
working pressure.

(8) (a) For low pressure steam boilers the travel of the pointer
from zero to 80 pounds per square inch shall be at least 4 inches.

(b)  Effective stops shall be provided for the indicating pointer at
the lowest and highest pressure points.

(4) ‘'The pressure gage dial shall at all times be protected by a
transparent -cover -and shall be kept clear-at all times. This gage
should ‘be so:located as to be readily visible to the operator.

History: Cr.-Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.25 Stop valves on pressure discharge outlets. (1) Each pres-
gure digcharge outlet on unfired pressure vessels, miniature and power
boilers, ‘except safety or relief valve outlets, shall be fitted with one
or more stop valves, located as near to the pressure vessel as prac-
ticable. ‘When 2 or more low pressure steam boilers are connected
to a common header, a stop valve shall be provided in the steam out-
let of :each boiler-as near to the boiler as practicable.

(2) When 2 stop valves are placed in the steam connection between
a power boiler and ‘the ‘steam main there shall be a free blow drain
between them. The discharge of this drain valve ghall be visible to the
operator while manipulating the valve, .

(8) (a) When a stop valve is so located that water can accumu-
late, drains shall be provided.
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(b) Bach dry pipe or similar apparatus shall have two holes
drilled into it. These holes shall be not less than % inch diameter
each and shall be kept open so that the condensation can escape.

(4) Each superheater shall be equipped with at least one drain so
located as will most effectively provide for the proper operation of the
apparatus.

History: Cr, Register, December, 1956, No. 12, eff, 1-1-57.

Ind 42,26 Steam mains. Provision shall be made for the expansion
and contraction of steam maing connected to boilers, by providing
substantial anchorage at suitable points, so that there shall be no
undue strain transmitted to the boiler. Steam reservoirs shall be
used on steam mains when heavy pulsations of the steam currents
cause vibration of the boiler shell plates.

History: Cr, Register, December, 1956, No. 12, eft, 1-1-57.

Ind 42.27 Bottom blow-off or drain. (1) Connected to the lowest
space practicable of each pressure vessel, there shall be a bottom blow-
off pipe fitted with a valve or cock. The valves shall be of straight-
way ‘or angle construction and cocks shall have the plugs held in
place with a gland or guard. Straightway globe valves of the ordinary
type ‘or valves of such type that dams or pockets can exist for the
collection of sediment, shall not be used on ‘such connections.

(2) A surface blow-off shall not exceed 2% inch pipe size and
the internal ‘and external pipes, when used, shall form a continuous
passage, but with clearance between their ends and arranged so that
the removal of either will not disturb the other. A properly designed
steel ‘bushing or a flanged connection shall be used.

(3) “(a) Each boiler shall have a bottom blow-off pipe, fitted with
a-valve or cock, in direct connection with the lowest water space
practicable. The maximum size of pipe and fittings shall be 2% ‘inches
and the minimum size shall be one inch except that for boilers with
100 square feet .of water heating surface or less and low pressure
steam ‘boilers the minimum gize of pipe.and fittings may be % inch.
Straightway. globe valves of the ordinary type or valves of such type
that dams or pockets can exist for the collection .of sedlment, shall
not be used -on such connections.

(b) The bottom blow-off pipe for low pressure steam, miniature,
and hot water ‘boilers may be connected to return connections which
are the same gize or larger than the size herein specified. In such
case, the blow-off shall be so located that the connection may be com-
pletely drained.

(4)- A bottom blow-off cock shall have the plug held in place by a
guard or gland. The end of the plug shall be distinetly marked in
line with the passage.

(b)..(a) For power boilers, the bottom blow-off pipe or pipes shall
be of wrought iron or steel and shall be at least extra heavy.

(b) :The fittings between .a power boiler and the required ‘bottom
blow-off .valve or valves shall be of steel, cast steel or malleable iron
and shall ‘be not less than extra heavy construction for pressures not
exceeding 150 pounds per square inch.

(¢) For pressures exceeding 150 pounds per ‘'square inch such fit-
tings shall be of steel construction and not less than extra heavy.
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(d) Cast ivon pipe and fittings shall not be used in the bottom blow-
off pipe between the boiler and the bottom blow-off valve or valves.

(6) (a) On all boilers except those used for traction and portable
purposes, when the maximum allowable working pressure exceeds
125 pounds per square inch, each bottom blow-off pipe shall have 2
slow-opening valves, or one slow-opening valve and a cock, and such
valves, or valve and cock, shall be at least extra heavy construction.
On a boiler having multiple blow-off pipes, a single master valve may
be placed on the common blow-off pipe from the boiler, in which case
only one valve on each individual blow-off is required. Two independ-
ent valves, or a valve and a cock may be combined in one body pro-
vided the combined fitting is the equivalent of 2 independent valves,
or a valve and a cock, so that the failure of one to operate could not
affect the operation of the other.

(b) Every traction and portable boiler shall have a bottom blow-off
valve; when the maximum allowable working pressure exceeds. 125
pounds per square inch, the blow-off valve shall be at least extra
heavy.

(¢) For pressures exceeding 200 pounds per square inch the valves
or cocks shall be of steel construction.

(d) The blow-off valve or valves shall be the full size of the blow-
off ‘pipe.

(7) A bottom blow-off pipe when exposed to direct furnace heat
shall be protected by fire brick or other heat resisting material so
arranged that the pipe may be inspected.

(8) An opening in the boiler setting for a blow-off pipe shall be
arranged to provide for\ ‘ee expansion and contraction.

(9) See section Ind 41711 for required boiler blow-off equipment.

History: Cr. Register, December, 1856, No. 12, eff, 1-1-57.

Ind 42.28 Feed pipe. (1) (a) Each low pressure steam, miniature
and ‘power boiler ‘shall have the feed pipe fitted with a check valve
near the boiler and a stop valve between .the check valve and the
boiler. Single low pressure steam boiler installations of the gravity
return type which do not have a stop valve in the steam outlet line
will not be required to have a stop valve in the return pipe.

(b) On low pressure steam boilers, the return pipe loop connection
shown in Fig. 1 may be used in place of the check valve.

(2) (a). The feed water shall be introduced into a boiler in such
a manner that the water will not be discharged directly againet
surfaces exposed to gases of high temperature, or to direct radiation
from the fire, or close to riveted joints of shell or furnace sheets.

(b) Where horizontal return tubular boilers are fed through the
front a boiler bushing or its equivalent shall be used and the feed
water shall discharge at about three-fifths the length of the boiler
from the front head, and above the second row of tubes from the top.

(8) When 2 or more power boilers are fed from a common source,
there shall be a globe or .regulating valve on the branch to each
boiler, between the check valve and the source of supply. When 2 or
more low pressure steam boilers, using a gravity return system are
fed from a common source, one check valve may be placed on the
main return pipe with a stop valve on the branch return to each boiler.
Wherever glove valves are used on feed piping, the inlet shall be
under the disc of the valve.
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(4) (a) Means shall be provided for feeding a boiler against the
maximum allowable working pressure or the pressure at which the
safety valve is get to blow. -

(b) ‘Where a source of feed is available at a sufficient pressure to
feed the boiler against a pressure 6% higher than that at which the
safety valve is set to blow, this may be considered one of the means.

(5) Every boiler and its piping system shall be provided with a
water supply line from an outside source of water supply in order
to replace the water leaving the system through leakage, process
work, or other reasons.

(a) A stop and check valve shall be provided in the water supply
line with the stop valve closest to the boiler.

(b) On low pressure steam and hot water boilers, the water supply
line shall be connected to the boiler return or feed piping system and
not directly to the boiler.

(c) On low pressure steam, miniature, and hot water boilers, the
water supply line pressure shall be high enough to feed the boiler or
the system against the maximum allowable working pressure of the
boiler.

(6) A heater for oil or other ligquid harmful to boiler operation
shall not ‘be installed directly in the steam or water space within a
boiler. 'Where an external type heater for such service is used, posi-
tive means shall be provided to prevent the introduction into the boiler
of oil or other liquid harmful to boiler operation.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57,

Ind 42.29 Combustion regulators for boilers. (1) A temperature
combustion regulator, which will control the rate ‘of ‘combustion to
prevent the temperature of the water from rising above 250° Fahren-
heit at or near the outlet, or ‘a thermostatic device which will relieve
the pressure.on the boiler when the temperature exceeds 250° Fahren-
heit, shall be used on all hot water boilers.

(2) When a pressure combustion regulator “is used on a -steam
boiler, it ‘shall -operate to prevent the steam pressure from rising
above the maximum allowable ‘working pressure for the boiler.

Histoxry: Cr., Register, December, 1956, ‘No. 12, eff, 1-1-57.

Ind 42.30 Flanged connections. Openings in boilers having flanged
connectiong shall have the flanges conform to the American standard
for the corresponding drilling for bolts or studs. Steel outlet nozzles
and flanges may be riveted or welded to the shell. Cast iron .outlet
nozzles or flanges will be permitted only on low pressure steam or hot
water boilers and can be attached to the shell only by riveting.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.31 Washout and inspection openings. (1) All boilers or un-
fired pressure vessels shall be ‘provided  with ‘suitable ‘'manhole or
handhole “openings, excepl ‘special types where they are manifestly
not needed or used.

(2) Al horizontal fire tube boilers shall be required to have the
following ‘manhole or handhole openings: (a) A manhole in the front
head "below the tubes for: 1. Horizontal return tubular power boilers
over 54 inches in diameter.

2. Horizontal return tubular low pressure steam or hot water
boilers over 60 inches in diameter.
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8. For smaller boilers a handhole may be used in place of the
manhole.

(b) A manhole in the upper part of the shell or head for: 1. Hori-
zontal return tubular, fire box and locomotive power boilers over 48
inches.

2. Scotch marine power boilers over 54 inches in diameter.

3. Low pressure steam boilers over 60 inches in diameter.

4. For smaller boilers a handhole may be used in place of the
manhole.

(¢) Locomotive and fire box boilers shall also have the following
handhole or waghout openings: 1. One at each of the four corners of
the lower portion of the water leg.

2. One in the front head at or about the line of the crown sheet.

3. One near the throat sheet of power boilers where possible.

4. One in the rear head of power boilers below the tubes.

(8) (a) A vertical fire tube boiler, except boilers 24 inches or legs
in diameter, shall have not less than 4 handholes located as fol-
lows: Two in the shell at or about the line of the crown sheet or lower
tube sheet; 2 in the shell at the lower part of the water leg.

(b) Vertical fire tube boilers 24 inches or less in diameter shall
have three one inch. diameter washout plugs except that boilers not
exceeding 12 inches internal diameter having less than 10 square
feet of water heating surface need not have more than 2 such wash-
cut plugs, one of which may be used for the attachment of the
bottom blow-off valve. The threads of the washout plugs shall be of
non-ferrous material.

(4) All unfired pressure vessels, in other than non-corrosive service,
18 inches .in diameter - or over shall be provided with one of the
following washout 'or. inspection opening -combinations: 2 hand-
holes in the shell or heads, a manhole, or.2 or more plugged threaded
openings of 2 incheg in diameter.

(5) All unfired pressure vessels, in other than non-corrosive serv-
ice, less than 18" and over 12” in diameter must be provided with at
least -2 handholes, or 2 ingpection holes, -properly located for.in-
spection, the inspection holes to be not less than 1%4” pipe size, unless
the ‘pressure vessel has a removable head or ‘cover plate. For vessels
12" and under inspection openings may be omitted.

(a) Vessels not over 16" in inside diameter that are installed so
that ‘they must be disconnected from an assembly to permit inspection,
need not ‘be provided with openings for inspection only, if there are
at least two removable pipe connections not less than 1%” pipe size.

(6) Where handholes are provided, such handholes shall not be less
than 2% inches by 3% inches in size.

(7) “Washout plugs, except for vertical fire tube boilers, shall be not
less ‘than 1% inch pipe size and shall have threads of non-ferrous
materials.

(8) Every cast iron boiler shall be provided with washout openings
to permit the removal of any sediment that may accumulate therein.
Washout openings may be used for return pipe. connection. if the
washout plug is placed in a tee so that the plug is directly opposite
and as close as possible to the opening in the boiler,

History: Cr, Register, December, 1966, No. 12, eff, 1-1-57.
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Ind 42.32 Manholes. Where manholes are provided, such manholes
shall ‘be not less than 11 inches by 15 inches, or 10 inches by 16
inches in size. A circular manhole opening shall be not less than 15
inches in -diameter. Any opening, the greatest dimension of which
exceeds 6 inches, in the shell of an unfired pressure vessel shall be
reinforced -in ‘accordance with rules for manholes. No manholes or
handholes are required on unfired pressure vessels which have remova-
ble heads or cover plates.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.33 Maintenance, (1) All boilers or unfired pressure vessels
shall -be installed and maintained in such a manner as to prevent
excessive corrosion or deterioration.

(2) The inspector shall note conditions during the internal inspec-
tion, ‘external inspection or hydrostatic pressure test and order such
changes or repairs as will place the pressure vessel in a safe working
condition. .

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42,34 Threaded openings. (1) All pipe threads shall conform
to the ‘American Pipe Thread standard and all connection one inch
pipe size or over shall have not less than the number of threads given
in. Table :5. Tor smaller pipe connections there shall be at least 4
threads in the opening.

(2) -If the thickness of the shell of the boiler or pressure vessel is
not sufficient to give such number of threads a construction shall be
employed which will provide at least the required number of threads.

History: Cr. Register, December, 1956, No. 12, eff, 1-1-bT.

Table 5

MINIMUM NUMBER OF PIPE THREADS FOR CONNECTIONS
TO BOILERS OR PRESSURE VESSELS

Size pf pipe connections,

incheg_ CiooCL ool 1 and 114 and| 214 to | 414 to | 7 and 9 and 12
14 2 4 incl. 6 incl. 8 10

Number of threads per
inch_ ... . . ._____ 11%% 1134 8 8 8 8 8

Minimum number of
threads required in
opening____._.__.___ 4 5 T 8 10 12 13

Minimum thickness of
material required to
give above number of
threads, inches. . _____ 0.348 0.435 0.876 1 1.26 1.5 1.6265

Ind 42.35 ‘Boiler setting and installation. (1) A horizontal return
tubular “boiler over 72 inches in ‘diameter :shall ‘be ‘supported from
steel hangers by the outside suspension type of setting, independent
of the Dboiler side ‘walls, “The hangers ‘shall ‘be so designed that the
load ig properly -distributed between the rivets attaching them to the
shell and :so ‘that no more than 2 of these rivets come in the same
longitudinal line on-each hanger. The distance girthwise of the boiler
from the centers of the bottom rivets to the center of the top rivets
attaching the hangers shall be not less than 12 inches. The other riv-
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ets used sha’l bz spaced evenly between these points, If more than
4 hangers are used they shall be set in 4 pairs.

(2) A horizontal return tubular boiler over 54 inches and up to
and including 72 inches in diameter, shall be supported by the outside
suspension type of setting, or at 4 points by not less than 8 steel or
cast iron brackets, set in pairs. A horizontal return tubular beiler up
to and including 54 inches in diameter shall be supported by the out-
side suspens’on type of setting, or by not less than 2 steel or cast iron
brackets on each side.

(8): Lugs or hangers, when used to support a boiler of any type
shall ‘be properly fitted to the surfaces to which they are attached.
If riveted the shearing and crushing stresses on the rivets used for
attaching .the .lugs or kangérs shall not exceed 8% of the strength
given in section Ind 42.11.\WWhere it is impractical to use rivets, studs
with not less than 10 threads per inch may be used. Iin computing
the shearingsstress, the area at the bottom of the thread shall be
used. Strength Avelding Ay used, if done in accordance with sec-
tions Ind 41%0/and Ind 4&.51“' f this code.

(4) Wet bottom stationary boilers shall have a space of not less
than 12 inches between the bottom of the boiler and the floor line,
with access for inspection.

(5) The upper surface of the fire grate of an internally fired hoiler
of -the open bottom locomotive, vertical fire tube or similar type, shall
not ‘be below the water space in the water leg, except where the rivets
at the bottom of the water leg are protected from the action of the
fire ‘and products of combustion.

History: Cr. Register, December, 1956, No. 12, eff. 1-1--57.

Ind 42.36 Access and firing doors. The minimum size of an access
door to be placed in a boiler setting shall be 12 inches by 16. inches
or equivalent area, 11 inches to be:the least dimension in any case.

History: Cr. Register, December, 1956, No. 12, eff, 1-1-57.

Ind 42.37 Water tube boiler doors. A water tube boiler shall have
the firing -doors, furnace inspection-doors and .clinker doors of the
inward opening type, unless such doors are provided with latching or
fastening ‘devices or otherwise so constructed as to prevent them,
when closed, from being blown open by pressure on the furnace side.

Histary: Cr, Register, December, 1956, No, 12, eff. 1-1-57.

Ind 42.38 Low-water cut-off and water feeder. (1) Every low pres-
sure steam or power boiler which is automatically fired shall be
equipped with an automatic low-water fuel cut-off ‘or other device
which will perform a similar function, so located as to automatically
cut off the fuel supply when the surface of the water falls to the
lowest safe water line. If a water feeding device is installed, it shall
be: so constructed that the water inlet valve cannot feed water into
the boiler through the float :chamber and so located as ‘to supply
requisite feed water. The lowest safe water line shall be not lower
than the lowest visible part of the water glass.

(2) :Such a.fuel or feed water control device may be attached
direct to a boiler or to the tapped openings provided for attaching a
water glass direct to -a boiler, provided that -such connections from the
boiler. are non-ferrous tees or Y’s not less than 4 inch pipe size be-
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tween the boiler and the water glass so that the water glass is at-
tached direct and as close as possible to the boiler; the straightway
tapping of the Y or tee to take the water glass fittings, the side
outlet of the Y or tee to take the fuel cut-off or water-feeding device.
The ends of all nipples shall be reamed to full size diameter.

(3) Designs embodying a float and float bowl shall have a vertical
straightway valved drain pipe at the lowest point in the water equal-
izing pipe connections by which the bowl and the equalizing pipe can
be flushed and the device tested.

History: Cr., Register, December, 1956, No, 12, eff. 1-1-57.

Ind 42.39 Safety valves, relief valves and connectlons for -unfired
pressure vessels. (1) Safety valves which a qfe constructed accord-
ance with the standards of sections Ind 41:50%nd Ind 41:51:6f this
code are acceptable. Safety valves constructed to other standards may
be used if approved by the industrial commission.

(2) Each safety or relief valve shall have a full size direct con-
nection to the pressure vessel. When an escape pipe is used it shall
be full sized and fitted with an open drain, to prevent water lodging
in the upper part of the safety or relief valve or escape pipe. When
a pressure vessel is fitted with 2 safety or relief valves on one con-
nection, this -connection to the pressure vessel shall have a cross-
sectional area equal to or greater than the combined area of the 2
safety or relief valves. No valve of any description :shall be placed
between the safety or relief valve and the pressure vessel, nor on the
escape pipe between the safety or relief valve and the atmosphere.

(8) When an elbow is placed on a safety or relief valve escape pipe
it shall be located close to the ‘safety or relief valve outlet, or the
escape pipe shall be securely anchored and supported.

History: Cr. ‘Register, December, 1956, No, 12, eff, 1-1-57.

Ind 42.40 Pressure relief devices on unfired pressure vessels. (1)
VESSELS FOR CONTAINING GASES.  When the capacity of the safety
valve on an existing tank for containing gases is not known, the re-
lieving capacity of such safety valve shall be determined from Table 6.
Such safety valves shall not exceed 4 inches in diameter.

(2) VESSELS SUPPLIED THROUGH PRESSURE REDUCING - VALVES. The
following formula shall be used for determining the sizeg of safety
and relief valves on unfired pressure vessels such as pressure cookers,
indirect hot water heaters, equipment in heating systems, ete., which
are supplied through pressure reducing valves from boilers carrying
a higher steam pressure:

RVC=1/3 X OC X VSPA
where RVC = relief valve capacity, lbs. of steam per hour.
OC = orifice capacity, lbs. of steam per hour per square iucn
(See Table 7)
VSPA — valve size pipe area, sq. in. (See Table 8)

Note: Most pressure reducing valves are arranged with a valved by-pass
which also acts as a potential steam source hazard in case the by-pass is
left “open, Where such valved by-pass is used, the following formula shall
be used ‘to determine the steam flow rate thlough the by-pass:

RVC:i= % X OC X BPA
where RVC = relief valve capacity, lbs. of steam per hour,
OC = orifice capacity, 1bs. of steam per hour per square inch.
(See Table 7) .
BPA = by-pass pipe area, sq. inch. (See Table 8)
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Table 6

MAXIMUM FREE AIR SUPPLIED IN CUBIC FEET PER MINUTE FOR DIFFERENT SIZES OF SAFETY
VALVES AT STATED PRESSURES

Gage pressure, pounds

50 100 150 200 250 300 350 400

Diameter of Valve (inches)

Gage Pressure, pounds

1,000 1,200 1,600 2,000 2,400
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RELIEF VALVES USED ON LOW PRESSURE SIDE OF REDUCING VALVES

Table 7
ORIFICE RELIEVING CAPACITIES, LB. PER HR. PER SQ. IN., FOR DETERMINING THE PROPER SIZE OF

Outlet Pressure, psi

Pressure-reducing valve inlet pressure, psi

75

60.
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The larger of the relief valve capacities calculated by the above
two formulas shall be used for selecting the relief valve for the vessel.
Example:

Suppose a high pressure boiler operating at 125 psi distributes
steam to a series of 40 psi A.S.M.E. constructed retorts through a
1% inch size pressure reducing valve provided with a glove-valved
1 inch by-pass. Determine the proper A.S.M.E. relief valve protection
for the retorts. Utilizing data in Tables 7 and 8 :and the first of the
two formulas above:

W=1/3 X 7200 X 2.04 = 4896 Lbs. Steam per hour
Checking the by-pass steam flow according to the second formula gives:

W=13% X 7200 X 0.86 = 8100 Lbs. Steam per hour

The potential steam flow through the pressure reducing valve is
4896 1bs. per hour rated capacity or 4896 > 1000 or 4,896,000 Btu
per hour.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Table ‘ 8
INTERNAL PIPE AREA

Standard
Nominal pipe size, incheg Actual external | Approx. internal | Approx. internal

diameter, diameter, area,
inches inches square inches
0.675 0.49 0.19
0.840 0.62 0.30
1.050 (.82 0.63
1.816 1.05 0.86
1.660 1.88 1.60
1.900 1.81 2.04
2.875 2.07 3.36
2.876 2.47 4.78
3.6 3.07 7.39
4.0 3.65 9.89
4.5 4.03 12.78
5.668 5.05 19.99
6.625 6.07 28.89
8.625 8.07 61.15
10.750 10.19 81.566
12,750 12,09 114.80

. Note: In applying these rules the area of the pipe is always based upon standard weight
pipe and the inlet size of the pressure-reducing valve.

REPAIRS, ADDITIONS OR ALTERATIONS

Ind 42.50 Rules and reports. (1) Repairs, additions or alterations
to ‘any boiler or pressure vessel or their fittings, settings or ap-
purtenances shall be made according to the rules for existing installa-
tionsg or repairs of this code. In the absence of gpecific rules the rules
for new construction shall apply, Permission shall be obtained from
the industrial commission for cases not specifically covered in any
section of this code,
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(2) Manufacturers, owners, or contractors who make major repairs™
in accordance with these rules shall furnish the industrial commission
with a report of every such major repair within 80 days after com-
pletion thereof. The report shall be signed by the authorized-inspec-
tor who inspected the repair. The owner of the equipment on which
major vepairs were made shall retain a copy of the report in his
files for review by an authorized inspector. The form to be used for
the report shall contain the information shown in the following
example;

* See section Ind 41.001°(12).

Record of Riveted or Welded Major Repairs

This is to certify that the major repair made by or under the direction

of the undersigned on

(Date of Repair)

and consisting of

(Description of Repair)

(On Boller No.) (On Unfired Pressure Vessel No.)

located in the plant of - cool oL ol coiiilr
(Name of Pressure Vessel .-Owner)

(Address of Plant)

was made in accordance with the requirements of the Wisconsin In-
dustrial Commission - for_ repairs by. riveting or fusion welding to
power or miniature boilers and unfired pressure vessels. The welding

was done by —
(Fill in only if a fusion welded repair)
who has made the test requirements of said rules.

Signed
Dated at oo On e

Emplo;ed by Authorized Inspector
Histoxry: Cr. Register, December, 1956, No. 12, eff. 1-1-57.
Ind 42,51 Hydrostatic test. Upon . completion of repairg, a hydro-

static test of 150% of the maximum allowable working pressure shall
be applied and the patch seams should ‘be tight at this pressure.

History: Cr. Register, December, 1956, No. 12, ‘eff, 1-1-57,

Ind %}3’ 52 :Design riveted patches. It is the purpose. of sections
Ind 42, 52‘/to Ind '42.58 if’éovermg the -application of riveted patches, ./
to restore to the weakened ~portion of the shell ‘o1 head enough of 1t
initial strength to permit the boiler to operate at its original working
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pressure, This involves calculations of the patech joints based on the
shape and location of the patch. The rules herein given enable the
efficiency of ‘the patch joints to be readily determined. It is required
that ‘when riveted patches are considered necessary or desirable, they
shall be applied under the following rules.

(1) The first thing that shall be taken into consideration when
proceeding with the design of a patch is whether or not all of the
end stress is to be carried by the patch; in other words, whether the
heads are supported or unsupported. In drums of water tube boilers,
the full end wise stress has to be carried by the shell plates and the
patch seams, whereas in shells of horizontal tubular boilers some of
the end wise stress is carried by the through rods, tube or flues, and
consequently there is less stress on the shell and patch seams. It is
evident ‘then that a patch in the one case need not have the same
width for a given length as in the other case. In other words, differ-
ent congtants may be used in determining the width. Tables 10 and 11
take into account these 2 different conditions.

(2) The angle of a patch when laid out in the flat does not change
when ‘formed to the curvature of the boiler, therefore, the diameter
of ‘the boiler does not need to be, ﬁ}(en into consideration in the de-
sign when the provisions of item (8)“are met.

(3) ..(a) A patch shall be laid out in the flat and then carefully
formed to accurately fit the contour of the boiler where it is to be
applied.

(b) Patches shall be of the same thickness as the original thickness
of the plate they replace.

(4) ‘(a) ‘Seams exposed to the products of combustion. shall be
single riveted lap construction.

(b) ~Seams not exposed to the products of combustion shall be dou-
ble riveted or constructed ‘similar to the original seams of the boiler.

(5) (a) Patches exceeding 24 inches in length shall have the
proper width ‘as determined by the rules herewith.

(b) Patches 24" or less in length shall be triangular, crescent,
diamond -or oval in form and the width shall be at least twice the
length.

(6) (a) If it is found that a patch would extend extremely high
it may:be shortened in width to the extent that no more than 4 rivets
will ‘be in ‘a longitudinal line, as shown in Figure 3.

(b) Likewise, to avoid the necessity of calking in sharp corners, a
patch may be shortened in width to the extent that no more than 4
rivets will be in a longitudinal line, as shown in Figure 8.

(7) - (a) If it is found that a patch would have to be 60 inches or
more “in ‘length consideration shall be given to the use of a sheet
haying . a width equivalent to % of ‘the circumference of the boiler
and ‘the longitudinal -seam shall be of a design similar to the design
of the original seam of the boiler.

(b) In designing patches, it is not necessary to deal with angles
in the term of degrees, but merely with the dimensions of the tri-
angles  forming a -patch. The relation between the length and width
provides certain fixed constants that have been tabulated and desig-
nated as Tables 10 and 11. The constant is the figure by which ‘the
length shall be multiplied to determine the width.

Boiler.and Unfired Pressure Vessel Code Register, December, 1956, No. 12
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Fig. 2
TRIANGULAR PATCH

At girth seam on bottom of boiler

Fig. 3
Showing -low patch may be short-
ened girthwise provided no more than
4 rivets are in a line parallel with the

(insde) as viewed from outside of longitudinal seam.
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(¢) If a patch is diamond in shape, it is considered equivalent to
2 triangular patches and half the total length is used in determining
the width.

(d) As the angle of a patch as laid out when flat does not change
when formed to the curvature of the boiler, the diameter of the
boiler does not have to be taken into consideration in the design.

(8) (a) In laying out new patches over 24 inches long, it is rec-
ommended that they be triangular or diamond in shape, as may be
required for the particular job, with definite straight line sides, but
with the corners properly rounded out to permit proper calking, as
illustrated in Figures 2, 8, 4, and b.

(b) ‘Where the length designated as “L” and the width designated
as ‘“W”:-is measured is also shown in Figures 2, 8, 4, and 5.

(9) (a) Rivets, patch bolts or staybolts may be used in “riveted”
seams surfaces that are stayed or braced, provided at least one rivet
or patech bolt is used between adjacent staybolts. The riveting shall
be completed first.

(b) Rivet holes may be countersunk in patches on shells that have
braced “heads, if desired, without materially affecting the calculated
strength “of the patch. The angle of the chamfer with center line of
the rivet hole shall not exceed 45 degrees and the depth shall not
exceed half the thickness of the plate.

(10) Where patches have already been applied the problem is to-
determine ~the . effective .diagonal efficiency. If the seams are all
rounded, -that is to say, the patch is crescent or oval -in.shape, the
length “L” shall be taken between the center of the extreme two
rivets on the longitudinal center line and the width “W?” between the
center ‘of the extreme two rivets on the girthwise center line, as
illustrated in Figures 6 and 7.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Fig. 6 Fig. 7
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Ind 42,53 Material for riveted patches. (1) Patch material ghall be
either fire box or flange steel. Structural steel shall not be used. The
repair shop shall produce a copy of the manufacturer’s mill test re-
port of the material to be used.

(2) The material shall contain the steelmaker’s brand. If only part
of a plate is required and this part does not contain the brand, the
brand shall be transferred to the pateh plate in the presence. of an
authorized boiler inspector or a representative of the plate manufac-
turer, before the plate is cut. Rivets, patch bolts, or staybolts shall
be of material of standard quality.

Higtory: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.54 Workmanship on riveted patches. (1) All patch plates
shall be placed inside a boiler shell or drum where exposed to the
products of combustion and where deposits would be pocketed, Where
a patch plate includes the part to which the blow-off is attached, the
patch shall be placed on the outside.

(2) All defective material exposed to the products of combustion
shall be ‘removed and properly trimmed to. provide for neat work-
manship in attaching the patch. Defects not ‘exposed to the products
of combustion need not be removed unless necessary to insure a work-
manlike job.

(8) A digstorted sheet which is to be patched shall first be set
back straight as much as possible before proceeding with the cutting
out of ‘the plate so that the pateh may be kept as small as possible.

(4) The edge of a patch shall be beveled by planing, chipping, or
gas cutting before applying it to the boiler. Rivets shall be driven
by gun, if at all possible.

(5) All rivet holes shall be drilled full size or the holes may be
punched not to exceed % inch less than full size for plates over.5/16
inch, -and % -inch less for plates 5/16 inch or.less. in thickness, and
then ‘reamed to full size with patch in place. Rivet holes are usually
1/16 inch greater in diameter than the normal diameter of the .rivet
but a 1/32 inch difference is preferable when the rivets are of uniform
size.

(6) If -seal welding is used, it shall be laid in a single bead with a
throat thickness not less than 8/16:inch, nor more than 5/16 ‘inch.
The patch shall be tight before seal welding under a hydrostatic test
equal to the operating pressure.

(7) Where 8 plates have to be lapped at the corners of a patch, the
middle plate shall be carefully scarfed to a feather edge the entire
width of the lap, as shown in Figure 2.

History: Cr. Register, December, 1956, No, 12, eff, 1-1-57,

Ind 42.55 Calculations for riveted patches. (1) First the length L
of ‘the patch shall be determined. The dimension is, of course, gov-
erned by the area of the defect. Next, the normal efficiency, e, of the
single-riveted seam that is to be used in the patch shall be determined
from Table 9. This is governed by the thickness of plate and diameter
of rivet holes.

(2) After determining the length that a patch shall be, the next
step is to determine what the width girthwise shall be. This is found
by multiplying ‘the ‘length by the constant, C, as shownin Table 10
or 11, depending upon the type of boiler to be repaired, These ‘tables
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give ‘a ‘constant C for a given efficiency, e, of pateh and efficiency, E,
of ‘longitudinal seam.

(3) To determine the longitudinal efficiency of an existing patch, L
and W shall be measured, also the pitch, p, and diameter of rivet, d.
W divided by L will give the constant C. Table 9 will give e. Then
under ‘e in “Table 10 or 11, depending upon the type of boiler to be
repaired, find the congtant C. Then whatever E at the left is found
is ‘the long\‘%ldina] or allowed efficiency of the patch seam (See sec-
tion Ind 42%56) ./

Table 9
EFFICIENCIES OF SINGLE-RIVETED SEAMS
Plate Rivet Hole Pitch of Efficiency of
Thickness, t Diameter, d Rivets, p Seam, e

14 11/16 1% 63.3
9/32 3 174 60.0
5/16 34 174 60.0
11/82 13/16 1-15/16 58.0
34 18/16 1-15/16 57.0
13/32 7% 2-1/16 B7.5
7/16 15/16 24 56.0
15/82 15/16 214 55.5
3 1 214 55.7
9/16 1-1/16 234 653.0
19/32 1-1/16 21 52.8
5% 1-1/16 2y 50.5
21/82 114 2-5/16 51.4
11/16 114 2-5/16 51.4

Tensile strength assumed at 55,000 psi and shearing strength at 44,000 psi.
History: Cr. Register,"December, 1956, No. 12, eff. 1-1-57.

Ind 42.56 FExamples “of ‘calculations for riveted patches. (1) ‘DE-
SIGN: OF PATCH FOR HORIZONTAL-TUBULAR BOILER. (a) A patch is to be
placed in ‘the fire ‘sheet -of ‘a horizontal-return tubular boiler -having
shell “plate 7/16 “inch thick, ‘a ‘longitudinal seam efficiency of 74%,
and - a length of patch of 86 inches. Find the width W of patch
to be applied so that there will not be any reduction in pressure, using
a single-riveted seam of normal design.

(b) Referring to Table 9, it is found that a 7/16 inch plate with
15/16 ‘inch diameter rivet holes, pitech 23. inch, gives a seam effi-
ciency of 56%.

(¢) ‘Referring to Table 10, E-74 -and e-56 give a constant C-1.75;
then ‘width W .= 1. . C == 86 3 .1.75.= 63 inches.

(2) -PRESSURE ALLOWANCE ON AN EXISTING PATCH FOR HORIZONTAL-
TUBULAR BOILER. (a) A crescent shape patch has already been installed
on a horizontal-tubular boiler. It is found to be 30 inches long and
48 ‘inches wide. The seam is noted to be single-riveted with 13/16
inch riveted holes pitch 1-15/16 inch. The boiler shell plate is % inch
thick. The longitudinal seam is of the double-riveted butt-strap type
having an efficiency of 82%. The safety valve is set for 125 pounds
pressure. What maximum pressure should be allowed on the boiler?

(b) Referring to Table 9,:it shows that the normal efficiency of the
patch seam*is 57%.

Boiler-and Unfired Pressure.Vessel Code Register, December, 1956, No. 12
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Table 10
TABLE OF CONSTANTS FOR USE IN COMPUTING PATCH SEAMS WHEN HEADS ARE SUPPORTED

“¢” efficiency of patch seams
.50 .51 .52 .53 .54 .55 .56 .57 .58 .59 .60 .61 .62 .63 .64 .65

85 e 1.68 | 1.60 | 1.51 | 1.483 | 1.86 | 1.28 | 1.20 | 1.18 | . | aca i e oo e
= 66 . 1.75 | 1.67 | 1.58 | 1.50 { 1.42 | 1.85 | 1.27 | 1.19 |_____ 1 |ooo e
| BT 1.82 | 1.73 | 1.65 | 1.57 | 1.48 | 1.41 | 1.83 | 1.26 | 1.18 | . |omuou|oom oo e e
2 BB o 1.8% | 1.79 | 1.70 | 1.63 | 1.55 | 1.47 | 1.40 | 1.82 | 1.24 | 1.16 | |eeoueo|omooomammna e e
g B9 . 1.94 | 1.86 | 1.77 | 1.69 | 1.61 | 1.58 | 1.45 | 1.88 | 1.80 | 1.23 | 1.15 || |mommnn]ommaaa]oaanan
b5 0 2.01 | 1.91 | 1.88 | 1.75 [ 1.67 | 1.59 | 1.52 | 1.44 | 1.36 | 1.30 | 1.22 | 1.15 | . ____j oo foofoooaan
=) IR 5 2.06 1 1.9711.89 | 1.81 [ 1.73 | 1.65 | 1.567 | 1.50 | 1.48 | 1.35 | 1.28 [ 1.21 | 1.15 | _f-—___f._.__
< T2 2.12 12,083 11.95}1.86 | 1.79 | 1.71 |, 1.63 { 1.56 1 1.48 | 1.41 {1.34 | 1.27 | 1.20 | 1.14 | _._._|.._.._
= IR T 2.1712.09 1 2.00 | 1.93 | 1.85 | 1.77 | 1.69 | 1.62 | 1.54 | 1.47 | 1.40 | 1.33 | 1.26 | 1.19 | 1.13 | _.___
g AL 2.22 12.14 12,06 11.98(1.91|1.88 |1.75| 1.67 | 1.60 | 1.52 | 1.45 | 1.39 | 1.32 | 1.25 | 1.18 |______
) Iy £ T 2.28 1 2.2012.12 [ 2.04 [ 1.96 | 1.88 | 1.81 | 1.78 | 1.66 | 1.58 | 1.51 | 1.44 [ 1.37 [ 1.81 | 1.24 | 1.17
..m I T 2.84 12.252.17 | 2.09[2.02 | 1.98 | 1.86 | 1.79 | 1.791 | 1.64 | 1.57 | 1.50 | 1.43 [ 1.36 | 1.30 | 1.23
;s B 2.8912.81 12.22|12.15|2.07|2.00|1.92 | 1.84 | 1.76{1.69 | 1.62 ] 1.55| 1.48 | 1.42 | 1.35 | 1.29
= T8 e 2.44 1 2.86 1 2.2812.20(2.1312.05|1.97!11.89 ! 1.82 | 1.7511.67 | 1.61 | 1.54 | 1.47 | 1.411.85
2 P S 2.50 {2.42 12.83|12.25(2.18|12.10 | 2.03 { 1.95 ! 1.87 | 1.81 | 1.73 1 1.66 | 1.59 | 1.52 | 1.46 | 1.40
m 80 il 2.55 1 2.46 | 2.89 | 2.80 | 2.23 | 2.15 | 2.08 | 2.00 | 1.93 | 1.86 | 1.79 | 1.72 | 1.64 | 1.58 | 1.48 | 1.45
g 8l i 2.60 | 2.51 [ 2.43 | 2.86 | 2.28 | 2.20 | 2.13 | 2.05 | 1.98 | 1.91 | 1.84 | 1.77 | 1.69 | 1.63 | 1.57 | 1.50
— 82 il 2.65 | 2.56 | 2.48 | 2.40 | 2.33 | 2.25 | 2.18 | 2.11 [ 2.03 | 1.97 | 1.89 | 1.82 | 1.75 | 1.68 | 1.62 | 1.55
g 88 2.70 {2.62 | 2.53 1 2.45 1 2.38[2.30(2.22 |2.15|2.08|2.01 | 1.94|1.87 ] 1.80 | 1.73 | 1.67 | 1.60
= 84 L. 2.75 | 2.66 1 2.59 | 2.51 1 2.43 [ 2.385 [ 2.27 | 2.20 | 2.13 | 2.06 | 1.99 | 1.92 ,1.85 | 1.78 | 1.72 | 1.65
2 L85 . 2.80 | 2.71 1 2.63 | 2.56 | 2.48 [ 2.40 [ 2.82 | 2.25{2.18{2.11 | 2.04 | 1.97 | 1.90 | 1.84 | 1.77 | 1.70
B BB 2.85 | 2.77 | 2.68 | 2.60 | 2.52 | 2.45 | 2.37 | 2.30 | 2.23 | 2.16 | 2.09 [ 2.02 | 1.95 | 1.89 | 1.82 | 1.75
S BT 2.90 | 2.82 | 2.74 | 2.65 | 2.57 | 2.49 | 2.42 | 2.84 | 2.28 | 2.21 | 2.14 | 2.07 |{ 2.00 | 1.93 | 1.87 | 1.81
2 88 . 2.96 1 2.87 1 2.78 | 2.71 | 2.62 | 2.54 | 2.47 [ 2.40 | 2.32 | 2.25 | 2.19 | 2.12 1 2.05 | 1.98 | 1.92 | 1.85
‘3 I N 3.01]2.92 2.8 |2.75|2.68|2.59 | 2.52|2.44 | 2.87 | 2.30 | 2.23 | 2.16 { 2.10.|{ 2.03 | 1.96 | 1.90
. IS 14 NN PR 2.97 1 2.8 | 2.80 | 271 [ 2.65(2.57|2.501(2.42|2.8412.27}|2.21|2.14 | 2.08 |2.01 1 1.95
g 5. 3 RRIUIPPISUUPIUIN PIOIUIIPIN PRSP 2.94 | 2.86 | 2.77 | 2.69 | 2.62 | 2.54 | 2.47 | 2.89 | 2.32 | 2.25 | 2.19 | 2.12 | 2.06 | 2.00
K| D92 e 2.99 | 2.90 | 2.82 | 2.74 | 2.66 | 2.59 | 2.51 | 2.44 | 2.36 | 2.30 | 2.28 | 2.17 | 2.10 | 2.04
@ P RO DRI PP 2.95 | 2.87 | 2.78 |1 2.70 | 2.63 | 2.56 | 2.48 | 2.42 | 2.34 | 2.28 | 2.21 | 2.15 | 2.08
m -7 AU IUU) DRI PSRRI PPN BN 2.91 ] 2.8 | 2.75 | 2.67|2.60 | 2.53 | 2.45|2.89 | 2.32 | 2.25 | 2.19 | 2.13

P 1> SUUURRP ) PRV PPN SIS U DUPUPSII PN 2.87 | 2.79 | 2.72 | 2.64 | 2.57 | 2.50 | 2.43 | 2.86 | 2.29 | 2.28 | 2.17
Constant “C” Triangle or crescent shape patches C=W+L W=CXL L=W=C

Diamond or oval shape patches C=2W+LW=CXL+2 L=2W-=C
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(¢) If the efficiency is not found in the table, refer to any other
available table or determine it in the customary manner described in
sections Ind 41.50 and Ind 41.61 of this code.

(d) ‘Divide the width of the patch W == 48 inches by the length
L == 80 inches to find the constant C == 48/30 = 1.60.

(e) “Follow down column e = 0.57 of Table 10 until 1.60 is found.
It will be ‘noted that this is somewhere between 1.56 and 1.62 rep-
resenting . E somewhere between 0.72 and 0.78. As the difference be-
tween '1.56 and 1.62 is 6, and the difference between 1.56 and 1.60 is
4, FE will be 0,72 plus 4/6 of 0.001 which is 0.7266.

(f) The pressure approved varies directly as the seam efliciency.
Accordingly P = 0.7266/0.82 X 125 = 110 pounds per square inch.

(g) If this allowance interferes with the operation of the plant,
the “patch “will have to be replaced by a new one with proper di-
mensions giving a diagonal efficiency of 82%.

(3) DESIGN OF PATCH FOR WATER-TUBE BOILER. (a) Sections of the
plate having a total length of 86 inches (measured at the pitch line)
are to be removed on each side of a girth seam. The patch is to be
diamond ‘or oval ‘shape.“The shell plate is 7/16 inches thick and the
longitudinal seam ‘is double-riveted butt strap construction, having an
efficiency -of '82%. What should be the width of the patch for main-
taining the same pressure allowance?

(b) Referring to -Table 9, it shows that a single-riveted lap seam
with 7/16 inch plate, 15/16 inch diameter rivet holes, and 2% inch
pitch has a normal efficiency of 56%.

(¢) Referring to Table 11, it shows for E = 0.82 and e = 0.56,
the constant C is 3.16.

(d) Then width W = C X L = 2

W — 316 X 86 = 2 = 56.88, say b7 inches.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.59 Welding procedure. Manufacturers, owners or contractors
undertaking repairs under these rules shall have available for the
inspector ‘a written welding procedure specification that shall be fol-
lowed in making the necessary repair and also a record of procedure
qualification tests. Welding procedure gpecifications shall have been
prepared -and /qualified in géeordance with the requirements of see-
tions Ind 41360%and Ind 4 .E}l‘of this code under Welding Qualifica-
tions, ‘section Ind :41.50—(5)Y Repairs by fusion welding on low pres-
sure steam and h fwﬁter boilers s afb/e exempt from the provisions
of sections Ind 42.50 “through Ind 4279 Yexcept that a qualified welder
shall be requixed for sucl repairs ghd the repairg’shall confefm to

sections Ind 42%61) Ind 4262/ Ind 42.63)Ind 42%4)/and Ind 42.78. "

History: Cr.-Register,”December, 1956, No, 12, eff. 1-1-57.

Ind 42.60 Welders, (1) WELDER QUALIFICATION. Manufacturers,
owners or contractors shall have available for the inspector records
of ‘welder qualification tests showing that each welder to be employed
on the Néwozk has sat'%i;atorﬂy passed tests as prescribed in sectiong
Ind 41550 ¥nd Ind 41.51'%¢ this code under Welding Qualifications for
the -type ‘of filler .metal to be -used and for each position in which
he will ‘be called upon to operate in making the repair.

(2) WELDING TESTS, MANUFACTURER’S, OWNER'S OR CONTRACTOR’S RE-
SPONSIBILITY, - INSPECTOR’S -DUTY. Preparation of welding procedure

Boiler -and Unfired Pressure Vessel Code Register, December, 1956, No. 12
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specifications and the conducting of tests of procedures and welders
shall ‘be -the responsibility of the manufacturer, owners or contrac-
tor. Before repairs are started, it shall be the duty of the inspector
to satisfy himself by examination of the written welding procedure
and records of :qualification tests that procedures and welders have
been properly qualified as required in section Ind 41.50 (&)Y Witness-
ing of the tests by the inspector shall not be mandatory but he shall
have the -right to witness such tests when he deems it necessary. The
inspector shall also have the right to call for and witness the making
of test plates by any welder, at any time, and to observe the physical
testing of such plates.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.61 Rules for welding. The repairs that may be made under
these rules are limited to steels of flange or fire box quality having
known weldable quality and further limited to carbon steels having
a carbon content of not more than 0.35% and low alloy steels having
a-carbon content of not more than 0.25%. Structural steel shall not be
used. The welding, of high alloy material and non-ferrous material
shall -be done in accordance with the requirements of sections Ind
41.00§/émd Ind 41.5170f this code for boilers and unfired pressure
vessels.

History: Cr,-Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.62 Prohibited repairs. A welder shall not make repairs in /s
a. plate thickness in excess of that permitted under sections Ind 41050
and Tnd 41951\6f this code for Welding Qualifications. A welder shall
not make repairs on a material that is not covered within his qualifi-
cation tests.

History: Cr, Register, December, 1956, No. 12, eff, 1-1-57.

Ind 42,63 Procedure. Groove welds shall completely penetrate the
thickness of the material being welded. If possible, welding shall be
applied from both sides of the plate or a backing strip or ring may be
used ‘to insure complete penetration. Manually applied welds shall
have a convex gurface on both sides if applied on both sides of the
plates ‘being joined, or on one side if welding is applied from one
side only. Valleys and undercutting at edges of welded joints shall
not “be “permitted. The reinforcement may be chipped, ground, or
machined off flush with the base metal, if so desired, after the weld-
ing has been completed.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.64 Defective weld. In making a repair to a weld that has
failed in service, the defective weld shall be removed by chipping,
grinding or gouging until sound metal is reached on all sides. The
resulting ‘groove shall be filled as required by the applicable welding
procedure.

History: Cr. Register, December, 19566, No., 12, eff, 1—-1-57.

Ind 42.65 Stress relieving operations. (1) In repairing carbon or
low alloy steels, 'when required by these rules and considered necessary
by the authorized inspector, thermal stress relieving shall be applied
to the completed ‘work. The heat may be applied by any means that
will ‘raise ‘the temperature of the material being heated gradually

Boiler and Unfired Pressure Vessel Code Register; December, 1956, Ng, 12
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and ‘uniformly to approximately 1,200 degrees Fahrenheit. (In the
absence of ‘more accurate meang of determining temperature, a dull
red glow in “daylight will suffice). This temperature shall be main-
tained for a period of one hour per inch of thickness of material.
For -eircumferential joints, the area heated shall comprise a band
extending completely around the cylinder and having a width on each
side ‘of the center line of the weld not less than 8 times the greatest
width of ‘the finished weld. For nozzles, the heated area shall comprise
a circumferential band extending around the entire vessel, including
the nozzle or welded attachment and shall extend at least 6 times
the plate thickness beyond the welding which connects the nozzle or
other attachment to the vessel. Under certain conditions other methods
of thermal : stress relieving acceptable to the authorized inspector
may.be used. Under certain conditions preheating may be necessary.

(2) Upon completion of the stress relieving operation, the plate
shall ‘be allowed to cool at a rate not greater than 500 degrees Fahren-
heit per -hour divided by the maximum thickness of the welded part in
inches, but in no-case more than 500 degrees Fahrenheit per hour.
This ‘rate “of  cooling shall be maintained until a temperature of
approximately 600 degrees Fahrenheit is reached, after which nor-
mal cooling by -exposure in a still atmosphere may be permitted.

(38) Thermal stress relieving of austenitic sfeels is a controversial
subject.: It shall not be attempted excep}; in accordance with the rec-
ommendations ‘of the IJ cturer the material o fl the require-
ments of sections Ind 41.50:4nd Ind 41 1 of this code.*

(4) In:lieu of thermal stress relieving of carbon steels, peening
or other methods  acceptable to the authorized inspector may be
employed.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.66 Cracks, permissible welded repairs. (1) Cracks in un-
stayed shells, drums or headers of boilers or pressure vessels may be
repaired by welding, providing the cracks do not extend between rivet
holes in a longitudinal seam or parallel to a rivet seam within 8
inches, measured ‘from nearest calking edge. The total length of any
one ‘such ‘crack ‘shall not exceed 8 inches. Cracks of a greater length
may be welded, provided the complete repair is ;adlog1aphed and
stress ‘relieved in-accordance with section Ind 42%65."See ngures 8
and 8 (a) for Acceptable Methods.

(2) Cracks of ‘any length in unstayed furnaces may be welded,
provided.the weélds ‘are thermally stress relieved in accordance with
section Ind 42.65° Welds applied from both sides of the plate shall be
used ‘where possible. Welds applied from one side only shall be sub-
ject .to  the ‘approval -of the -authorized inspector. Field repair of
cracks at knuckle or turn of flange of furnace opening are prohibited
unless .specifically approved by the industrial commission. See Figure
9 for Acceptable Methods.

(8) - Cracks of any length in stayed areas may be repaired by fusion
welding except that multiple or star cracks radiating from rivet or
staybolt: holes “shall ‘not be welded. See Figure 10 for Acceptable
Methods.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Boiler and Unfired Pressure Vessel Code Register, December, 1956. No. 12
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Ind 42.69 Corroded surfaces and seal welding. (1) Corroded areas
in ‘stayed surfaces may be built up by fusion welding, provided the
remaining plate has an average thickness of not less than 50% of the
original thickness, and further provided that the areas so affected are
not -sufficiently extensive to impair the safety of the object. See Fig-
ure 11 for ‘Acceptable Methods.

(2) “Corroded areas around manhole or handhole openings in either
stayed or unstayed plates may be built up by fusion welding, pro-
vided the average loss of thickness does not exceed 50% of the original
plate thickness and also provided the area to be so repaired. does
not extend more than 8 inches from the edge of the hole.

(8) Corroded areas in unstayed shells, drums or headers may be
built ‘up by fusion welding provided that in the judgment of the
authorized inspector, the strength of the structure has not been im-
paired, See Figure 12 for Acceptable Methods.

(4): Edges of butt straps or of plate laps and nozzles or connections
attached by ‘viveting may be restored to original dimensions by weld-
ing. Seal welding shall not be used except with the special approval
of the authorized ingpector, and in no case where cracks are present
in - riveted areas. See Figure 18 for Acceptable Methods.

(5) “The ends of tubes in fire tube and water tube boilers may be
. seal -welded provided they have not been reduc nore than 0%
in thickness, and requirements of sections Ind 41.50 and Ind 41. 1vof
this.code are satisfied, See Figure 14 for Acceptable Methods.

History: Cr. Register, December, 19566, No. 12, eff. 1-1-57.

Ind 42,74 Re-ending and piecing tubes. Re-ending or piecing of
tubes. or pipes. in either fire tube or water tube boilers is permitted
provided the thickness of the tube or pipe has not beenﬁ*q nced by
moré than 109% from that required by sections Ind 41.50 “and Ind
4151 %f this code for the pres ref to be car;&iféd. In all cases the
requirements -of sections :Ind 41:50¥and Ind 4151%0f this code shall
be met.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.75 Patches, material, The material used for patches shall be
of the same general quality and have at least the minimum physical
properties of the plate to be patched. The thickness of any patch shall
be at least equal to, but not more than, % inch greater than the plate
being patched.

History: Cr. Register, December, 1956, No. 12, eft, 1-1-57.

Ind 42.76 Flush or butt welded patches. (1) Flush or butt welded
patches, inunstayed shells, ‘drums or headers shall be radiographed
an\%/ s\tfess relieved conform to the requirements of sections Ind
41.50and Ind 41.51Vof this code for new construction. Subject to the
approval of ‘an authorized inspector, peening or other methods of
stress relieving may be substituted for thermal stress relieving. Sub-
ject “to -compliance with this requirement, no limit is placed "on
dimensions or- location -of such patches or on the thickness of the
material. -When -the longest dimension of a patech ‘does not exceed
16 times the plate thickness or a maximum of 8 inches, radiograph-
ing and stress relieving is not required. See IMigure 15 for Acceptable
Methods.

Boiler .and Unfired Pressure Vessel Code Register, December, 1956. No. 12
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(2) Flush or butt welded patches or new sections may be applied
to stayed plates without limitation of size or plate thickness. See
Figure 16 for Acceptable Methods.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-b7.

Ind 42.78 Lapped and fillet welded patches. Lapped and fillet welded
patches may be applied to stayed plates provided they are not ex-
posed to radiant heat. Lapped and fillet welded patches may be
applied on the pressure side of the sheet in unstayed areas, provided
the maximum diameter of the opening so repaired does not exceed
16 times the thickness of the plate, but in no case larger than 8 inches
in diameter. See Figure 17 for Acceptable Methods.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.79 Stays. (1) Threaded stays may be replaced by welded-in
stays provided that in the judgment of the inspector the plate adja-
cent to the stay bolt has not been materially weakened by deteriora-
tion -or wasting \gway. All 1‘eq1\1}'2:;1§ents of the applicable section of
sections Ind 4150y4nd Ind 4151 %0f this code governing welded-in
stays shall be met, except that stress relieving other than thermal
may be used as provided in section Ind 42.65.

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Ind 42.80 Additional acceptable repair methods. Repairs and repair
methods not discussed in the chapter shall comply with methods illus-
trated in Figures 18, 19, 20, and 21. .

History: Cr. Register, December, 1956, No. 12, eff. 1-1-57.

Boiler and Unfired Pressure Vessel Code Register, December, 1956, No. 12
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Fig. 8
CRACKS IN UNSTAYED SHELLS, DRUMS AND HEADERS
R |
Ol
|
LO“T Fire Cracks at Girth Seams
Ol

Prior to repairing fire cracks by welding, the rivets to
“O”\" which such cracks may extend and the rivets on each side
X of them shall be removed.

”O" Tack bolts shall be placed in alternate holes to hold the
| plate laps firmly.

"O" Cracks shall then be chipped, ground or gouged to produce

L7 required welding groove.

O [ CRACKS WHICH EXTEND PAST THRE INNER EDGE
! OF THE PLATE LAP SHALL BE WELDED FROM BOTH

O SIDES.

Rivet holes shall be reamed before new rivets are driven.

O O Fire Cracks at Door Openings

Repairs shall be made as for fire
cracks at girth seams, Patch bolts
may be used where it is not possible

O to redrive rivets.

~ Patch Bolt

o]
JULL

Boiler and Unfired Pressure Vessel Code Register, December, 19566, No, 12
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Fig. 8a
CRACKS IN UNSTAYED SHELLS, DRUMS AND HEADERS

Circumferential Cracks at Girth Seams

q
1

|

1

i

|

j

} Caution: Before atteinpting repairs care shall be taken
i to sinvestigate the cause of cracks of this type.~Welding
1 : shall ‘mot -be used if ““caustic embrittlement” is indi-
1 _cated. Multiple or star cracks shall not be welded.

'l If repair by welding is authorized, method for repair-
) ing fire ‘cracks at girth seams shall be used. i

| B - - o

1

1

1

|

|

i

(" 0 0o XY o

Example of Multiple or Star Cracking

Cracks:Between Tube Holes

In repairing cracks of this type, welding shall be
applied from both sides of the plate if possible.

The tubes to which the cracks extend ‘and the tubes
on each side of them shall be.removed ‘and  the  criacks
chipped, ground or gouged to provide the required ‘weld-
ing groove. Tube holes shall be reamed before new tubes

’ ixi-are Installed, ;

Cracks ‘in» Headers

In repairing cracks of this type, weldihg may be applied
from one side. A“backing strip shall be ‘used if possible
to insure complete penetration at bottom -.of - welding
groove,

‘Boiler and ‘Unfired Pressure Vessel Code Register,.December, 1956, No. 12
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Fig. 9
CRACKS IN UNSTAYED FURNACES

Caution: . Succegsful perform-
ance . of :this repair requires a
ductile weld free from slag in-
clusions, - voids, cracks or other
defects,

Cracks shall be. chipped,
ground or gouged to provide
required welding groove; root
of weld shall be cleaned by
chipping or flame gouging and
welding applied from both sides
of ‘the plate. Thermal-stress re-
lieving -is recommended.

Field repair of
cracks at knuckle or
turn of flange of fur-
nace opening is . diffi-
cult, It is recom-
mended that ‘this: re-
pair be made in a well
equipped shop.

Boiler and Unfired ‘Pressure Vessel Code Register, December, 1956, No. 12
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Fig 10
CRACKS IN STAYED PLATES

O O O O ) O )

Caution: Before attempting repairs to cracks of this type the inner
surface of the plate shall be carefully examined for possible excessive
corrosion or grooving.

Staybolts to which cracks may extend shall be removed and the
cracks then chipped, ground or gouged to provide the required welding
groove.

After welding, threaded staybolt holes shall:be retapped and new
staybolts properly driven and headed.

o & o X X -

o c‘{‘gr/cr—,oqéi/c}\\o

Multiple or star cracks radiating from . staybolts or ‘rivet holes shall
not be repaired by welding,

Boiler and Unfired Pressure Vessel Code Register,:December, 1956, No.12
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Fig. 11

REINFORCING OF CORRODED AREAS IN STAYED PLATES

o O O 0O Oy

1f corroded. area in-
cludes rivets or stay-
bolts, these shall bg re-
moved before welding is
applied.

Threaded staybolt holes
shall be retapped = and
rivet holes reamed before
new staybolts are iny
stalled or.rivets are
driven. ;

Note: Welding shall
not cover rivets or stay-
bolt heads,

Corroded areas of tube

sheets may be bullt up by
welding where tubes act as
stays.

All tubes in such corroded

areas shall be removed be-
fore welding is applied..

After welding- the 1ube

holes’ ghall be reamed before
new tubes are installed.

Boiler and Unfired Pressure Vessel Code Register, December; 1956, No. 12
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Fig. 12
CORRODED AREAS

Corroded Area around
manhole or ‘handhole ‘open-
“ings. ‘

Corroded area.shall ‘be thor-
oughly "cleaned before welding.

i )
1]
§
]
§
(]
(]
1]
§
(]
§
1
§
]
?
]
) H =<5P e@*J

No ‘corroded ‘area which is shown in this sketch and which exceeds in
size the peérmissible area cf ‘an unreinforced opening or exceeding in average
depth 509% .of the plate required thickness shall be “built up” by welding.
Larger areas in vessels which are subject to internal corrosion or erosion
but where the required thickness would be satisfactory for the pressure,
can be built up under this rule.
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Fig 13
SEAL WELDING OF CAULKING EDGES

%J

- — —— — T — — ——y — — t— —— — T~ —— — t— W ———
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|
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Caution.—Seal welding ‘shall not ‘be applied if cracks are present in
riveted areas. :

Indications of persistent or recurring leakage may bhe a sign of
cracking, No welding ‘shall be applied:i:until a careful examination—
including removal of rivets if necessary—has been made of such areas.
. . Seal welding shall be applied in one light layer irf practicable but not
more than two layers shall be used.

TN

Throat apprex. 34"

Boiler and Unfired Pressure ‘Vessel Code Register, " December, 1956, No., 12
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Fig 14

TRATIVE CODE 51

SEAL WELDING OF TUBE ENDS

Roiler.and Unfired Pregsure Vessel Code

Seal -welding shall be applied in one
light layer if practicable but not more
than two layers shall be used—Throat
dimension ‘shall “not “exceed 5/16".

M

In:water :tube “boilers, tubes
may . be seal welded:-on :inside
or.outside -of tube sheet,

Flaring : 'may: be —omitted if
tube ends are seal welded.

In firg tube boilers Yequiie-
ments gf section Ind 41.50%and
Ind 41351 of “this ‘code shall be
complied - with,

Register,”December, 1956, No. 12
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Fig 15
FLUSH OR BUTT WELDED PATCHES IN. - UNSTAYED AREAS

HeT LE:S

#“‘ \- Hov MaRR
o™ LESS THAN %
THAN %

Accepted -Detail of Weld

Before -any . effort is ‘made to patch a bagged or deformed -area -the
original ‘shape -or curvature shall be restored as far as possible. Patch shall
be rf)Iled or-pressed-to.proper shape or curvature, Hdges- shall align without
overlap. :

Flush .or ‘butt welded patches may be of any shape, an a.dequate radius
shall -however be :provided at cornerg:if patch is rectangular, Sharp corners
shall “be ‘avoided.

Note: Patches ‘shall “be of material ‘equal to the original constructxon
in -thickness ‘and quality,

Boiler:and Unfired Pressure Vegsel Code Register, December, 1956.'No, 12
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Fig. 16
FLUSH OR BUTT WELDED PATCHES IN STAYED AREAS

O OO0 OO0 00000

Patches shall be of material equal to the original in quality and thickness,

Before applying patches of this type, defective :metal shallibe cut away
until sound material is reached.

Patch seams shall come between staybolt rows or riveted seams.

In applying patches of this type, square corners shall be avoided. Ample
radius shall be provided at corners.

Boiler-and Unfired Pressure Vegsel Code Repgister, Deceniber, 1956, Neo, 12



54 INDUSTRIAL COMMISSION

Fig. 17

LAP-FILLET WELDED PATCHES

Patches shall be of mate-
rial ‘equal to the original in
quality ‘and thickness,

If area to be patched in-
cludes a:riveted seam rivets
shall be removed hefore
patch "is applied and new
rivets driven ‘before patch is
welded “at edges.

New ‘staybolts shall be in-
stalled :in patched area, the
heads of 'staybolts shall not
be .covered by welding.

Lap.Fillet Welded Patch in

”‘{EL”"‘*M/M Lap

Boiler and Unfired Pressure Vessel Code

Unstayed Area

Resgister, December, 1956, No, 12
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Fig. 18

ACCEPTABLE REPAIRS FOR CORRODED OR WORN HEADS OF
VERTICAL TUBE OR SIMILAR TYPE BOILERS

Oo

00 090 00
© 5

O
©)
O
O
O
O
O
O

1. Flush Butt Welded Head .

‘With this repair the old head is cut close to the point of tangency
of ‘the ‘knuckle of the flange and ‘the new head, previously 'drilled for
tube holes and beveled for adequate welding groove is butt welded to
flanged section of old head. Pack up ring, inserted in sections if neces-
sary, shall be used to insure weld penetration for full head thickness.

2. ‘Lapped and Fillet Welded Head

‘With ‘this repair, the new head is.lapped under the flange knuckle of
old “head, previously slotted as shown ‘to ‘admit new head, ‘then fillet
welded ‘at edge.

3. Segmental or Pie-Shaped Butt Welded Patch

Boiler and ‘Unfired Pressyre Vessel Code Register, December, 1956, No, 12
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Fig. 19
ACCEPTED REPAIRS FOR INSPECTION OPENINGS

STANDARD
MANHOLE DPENING

12:16 or 1(+I5

A badly corroded .manhole flange may "he repaired by cuttings out
flanged section ‘and inserting a ring type frame ag/shown. Dimeﬁ.‘;ions
shall comply. with requirements of .sections.Ind 41..5Qjand Ind 41751 of

this code. e

o ,
Ring ‘type frame may be fabricated and stress relieved in shop then

welded in place.
Rules for flush patches shall be complied with.

Plate lap should not be less than 14",

‘When corrosion has reduced thickness of plate around handhole open-
ing by more -than 50% “(average) 'a reinforcing ring shall ‘be used as
shown placed on the inside,

Boiler and Unfired -Pressure Vessel Code Register, December, 1956, No. 12
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Fig. 20

SUGGESTED METHOD OF INSTALLING NEW IFURNACE IN
INTERNALLY FIRED BOILER WHERE TUBES ACT AS
STAYS SUPPORTING HEADS

With this repair the ‘new furnace shall have special flanges so that
weld ‘attaching furnace to heads may be located centrally between edge

of tube holes and point of tangency of flange knuckle.

3;9
”ﬁ'ﬂaan-»ﬂj'o
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Fig. 21

ACCEPTED ‘“WINDOW” PATCH FOR WATER TUBE
BOILER TUBES

B i

CoPpPER BA«:; Ue,

This type of patch may be used if nec-
essary to.seal a hole cut in a water wall
tube ‘to provide access for welding the
back :side of a circum, joint or to replace
a :‘small sharp bag.

"Window patches shall mply with pre-

visions of sections Ind 41950:nd Ind 4¥51:

of this code. Patch shall be cut from tube
of same ‘size and thickness as the one
heing: repaired.

‘When practicable, a removable copper
backup recessed as shown to provide com-
plete weld penetration through the ‘tube
wall ‘and ~held in place by a removable
air jack shall ‘be used during the welding
operation.

Boiler and Unfired Pressure Vegsel Code Register, December, 1956, Ng. 12
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