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BOILER CODE

INTRODUCTION

The Industrial Commission of Wisconsin is charged with
the duty of fixing standards of safety in all places of
employment. In performance of this duty the Industrial
Commission has from time to time issued general orders
establishing standards of safety to guard against hazards
of various kinds.

The frequency of boiler explosions, with the resulting
loss of life and damage to property, compelled the Industrial
Commission almost at once after it was organized to
attempt the formulation of a code of boiler rules. The first
code was adopted by the Industrial Commission on Decem-
ber 14, 1914, and became effective January 18, 1915. This
code was amended in many material respects on Novem-
ber 29, 1915, to correspond more closely with the standard
code of boiler rules recommended by the American Society
of Mechanical Engineers. Further amendments to this code
were adopted on October 20, 1919, and the entire code as
amended was published in the official state paper on Novem-
ber 3, 1919. In accordance with law this amended code
. became effective December 4, 1919.

On October 5, 1927 the Industrial Commission adopted
a resolution which repealed all of the boiler orders con-
tained in the “Code of Boiler Rules” of 1920. The same
resolution provided for the adoption of the orders contained
in the newly revised “Boiler Code of January 1928” with
the provision that the effect of boiler orders in force from
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July 1, 1916 to December 31, 1927 inclusive shall not be
impaired as to any boiler installed between those dates.
This newly revised Boiler Code became effective January 1,
1928,

There have been important changes in the field of steam
boiler design and fabrication since the adoption of the 1928
"Boiler Code. The demand for greater economy of operation
has resulted in higher steam pressures and in higher tem-
peratures. To maintain the required standards for reason-
able safety under these changed operating conditions it has
been necessary to introduce alloy steels in the design of
some parts of high pressure boilers and it was necessary
to resort to fusion welding of joints in order to secure the
desired strength and tightness.

With a full knowledge of these changed conditions, the
Industrial Commission is confident that this newly revised
Boiler Code as of March 1, 1944 will adequately meet all
minimum requirements for reasonable safety.

Adoption of this revised code, effective March 1, 1944,
shall not be construed as effecting, except as mecdified, the
status of previous issues of the Boiler Code for the periods
in which they were administered nor of boilers which were
installed while those codes were in effect.

ORDERS REVISED—MARCH 1, 1944

4103 4254 4372 4411 4455

4207 4261 4379 4412 4470 (4) (6) (11) (13) (14) (16) (19)

4208 4271 4385 4415 4475 (1

4209 4273 4387 4417 4476 1) (2) 3)

4217 4274 4389 4421 4477 (1)

49220 4275 4390 4423 4479 (2)

4221 4307 4391 4425 4480 (5)

4222 4311 4394 4429 4481 (2)

4224 4316 4395 4430 4482 (1) (2) (3)

4927 4317 4398 4432 4483 (4

4231 4318 4399 4433 4434 (3) (5) (10) (12) (14) (15)

49232 4319 4403 4436 4485 (1)

4251 4335 4405 4440 4486 (5) (6) (13)

4252 4339 4406 4446 4489 (2)

4253 4360 4409 4453 4490 (2) (4) (9) (11) (13) (14)
4410 4454 4491 (1)

b

ORDERS REPEALED—MARCH 1, 1944

4226 4388 4420 4470 (17) (18)

4276 4396 4424 4479 (3) (4)

4277 4401 4437 4484 (9) (23)

4328 4407 4438 4486 (7) (8) (9) (12)
4490 (8) (22)

ORDERS ADOPTED—MARCH 1, 1944
4226

In the preparation of boiler rules the Industrial Commis-
sion hag had the assistance of the following Advisory Board.

Representing League of Wisconsin Municipalities: R. BE. Cannard,
Manitowoe, Wisconsin.

Representing Wisconsin State Association of the National Associa-
tion of Power Engineers: E. 0. Wohlust, Racine, Wisconsin,

Representing International Brotherhood of Boiler Makers, Iron Ship
Builders and Helpers of America: George White, Milwaukee,
Wisconsin; R. L. Ryan, Alternate.

Representing Boiler Insurance Companies: Martin E. Nelson, Mil-
waukee, Wisconsin.

Representing Boiler Manufacturers: M. C. Schwab, Milwaukee,
Wisconsin.

Representing Boiler Manufacturers: Cafl Brieman, Juneau, Wisconsin.

Representing Boiler Inspectors: R. Kunz, Chairman, Milwaukee,
Wisconsin.

Representing Industrial Commission of Wisconsin: Frank J. Bishop,
Milwaukee, Wis,

Representing the Industrial Commission of Wisconsin: M. A. Edgar,
Secretary, Supervisor Boiler Division, Madison, Wisconsin.

101.30. Boiler Inspection, penalties. No machine, mechan-
ical device, or steam boiler shall be installed or used in this
state which does not fully comply with the requirements
of the laws of this state enacted for the safety of employes
and frequenters in places of employment and public build-
ings and with the orders of the Industrial Commission
adopted and published in conformity with sections 101.01 to
101.28, inclusive, of the statutes. Any person, firm, or cor-
poration, violating the provisions of this act shall be subject
to the forfeitures provided in sections 101.18 and 101.28

of the statutes. (Stats. 1921 s. 2894—72; 1923 c. 291 s. 8)
Annotated.
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This code of boiler rules was adopted by the Industrial
Commission under authority of Chapter 101 of the statutes.
These orders have the force and effect of law. Any inter-
ested party may petition the commission for a hearing on
the reasonableness of any of its orders, and if the petition
be denied, he may appeal to the Circuit Court for Dane
County. The orders of the commission, however, are prima
facie reasonable and lawful and are valid and in force until
they are found otherwise by the courts, or until they are
repealed by the commission. Violation of any order is pun-
ishable by & penalty of from $10.00 to $100.00 for each

offense.
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PART 1

GENERAL REQUIREMENTS FOR THE INSTALLATION,
OPERATION AND INSPECTION OF BOILERS

This code covers rules to be used in stationary service.
Stationary boilers as herein considered include portable and
tractor boilers.

A pressure vessel in which steam is generated by the
application of heat resulting from the combustion of fuel
shall be classed as a steam boiler.

These rules apply to the boiler proper and pipe connec-
tions up to and including the valve or valves as required
by the code. Superheaters, reheaters, economizers and other
pressure parts connected directly to the boiler without inter-
vening valves shall be considered as parts of the boiler and
their construction shall conform to the code rules.

4100. Safety Regulations. No boiler shall be operated at
a pressure in excess of the maximum allowable working
pressure allowed by the annual inspection certificate (See
order 4107), which pressure is to be ascertained by means
of these orders.

Steam boilers shall be equipped with such appliances as
will insure safety of operation as hereinafter ordered.

No person shall remove or tamper with any safety appli-
ance prescribed by the hereinafter orders, and no person
shall in any manner load the safety valve to greater pressure
than that allowed by the certificate of inspection.

In all cases boilers shall be so placed as to give ample
room between any ceiling, wall or partition to connect and
operate any valves or pipes or other fittings or connections
used in such steam boilers.

Whoever owns, uses or causes to be used a boiler subject
to inspection, unless the same is under the periodically
guaranteed inspection of city, company or corporation
allowed by the commission to handle their own inspections
shall report to the Industrial Commission, on January 1st of
each year, the location of such boilers.
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The owner or user of a boiler subject to regular annual
ingpections by the Industrial Commission, shall immediately
notify the commission in case a defect affecting the safety
of the boiler is discovered.

FEach steam boiler shall be relieved of steam pressure,
opened up, thoroughly drained of hot water and the combus-
tion chamber and furnace cleaned out before any repairs
are made. :

Nete: Repairs in this case are not meant to include the adjustment or

operation of valves or appliances necessary for the safe and efficient
operation of the boiler while under pressure.

4101. Inspection Fees. A fee of $5.00 will be charged by

the commission for a hydrostatic pressure test or an

ingpection of a boiler while not under pressure.

A fee of $2.00 will be charged by the commission for each

external inspection of boilers while under steam pressure.

4102. Inspection of Steam Boilers. All steam boilers oper-
ated in the state of Wisconsin, except those included in
order 4103, shall be subject to regular annual internal and
external inspection once each year. Should operating condi-
tions require longer periods than 12 months, an extension
of time may be granted on application to the commission.

The owner or userof boiler subject to ingpection by the
commission shall prepare the boiler for ingpection. To pre-
pare a boiler for an internal ingpection all handhole, man-
hole plates and wash-out plugs shall be removed. The furnace
and combustion chamber shall be thoroughly cleaned.

4103. The following steam boilers will be ingpected when
such inspection is deemed necessary by the Industrial Com-
mission but will not be given regular internal and external

inspections each year:

1. Boilers which receive regular inspection by United
States government ins_pectors;

9. Boilers of steam fire engines;
3. Boilers used exclusively for agricultural purposes;
4. Boilers of less than 100 sq. ft. of water heating

surface;
5. Boilers on which the pressure does not exceed fifteen

pounds.

4104, Insurance Inspections. All boilers subject to peri-
odic inspections of insurance companies authorized to insure

—11 —

:xloile;s in _this stat.e, shall not be subject to annual inspec-
ion by this commission on the following conditions:

The insurance companies’ i
_ panies’ regulation i
the hereinafter orders. - gy 65

The insurance companies’ i

. c panies’ inspectors who inspect boilers
9perated in this state shall hold certificates of competexfc
issued by the Industrial Commission. §

Reports of all inspecti
pections shal :
ments of this commission. i e S

A copy of all reports shall b
; Dy e forwarded to this ¢ is-
sion within fourteen days after the inspection is mad(::.nmls

coglps:tiitc; ci(l)r?lpanies whose inspectors hold certificates of
shall report to this commission the

owner or operator, and the location i ey
: A of every boiler on which
insurance has been refused, cancelled or di i ok
the reasons therefor. : g

of4cli2?éssvtv;a’n11 bo‘llers within jche regular corporate limits
e e e
] . e subject to regular in-
splectfon by this co.mmission, provided the ﬁoilersa:;'l: a;r;g-
:rg‘ installed, equipped with fittings necessary to safety
nd are not operated at pressures in excess of that det ,
mined by the hereinafter orders. o

4106, Steam boilers own
' ed or operated by compani
. panies o
:ﬁgo;’j;ll;)rlll_s may be exempted from annual inspection b;
ission provided a regular inspectior ice i
s co pection service
maintained by the operators under the following conditionsls-

1. The inspection service sh j
. rI‘hzztppr_oval of this commi:sigg; e Ao, gy Sl
- e boilers shall be properly installed and not oper-

ated at pressures i )
the hereinafter oll'ge(::?ess of that determmed by

3. Reports of inspections i
S on all boile
the commission on approved fcffr:ian IR

cafsogﬁaﬁnguql Insge;tion Certificate. An inspection certifi
e issued by the city, corporation, or ;
. - ? co
:Vr:fli(i)z;ng the 1n?fpect0r, stating the maximum al]ﬁa:k?lz
pressure for one year after an ins i
e pection has be
made, to determine the safety of the boiler for that pressu:::
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This certificate shall be kept on file and at all times be
made available when called for by a deputy of this
commission.

The maximum allowable working pressure, as stated in
the certificate of inspection, shall not be in excess of that
determined by the orders in Part II of this code for boilers
installed prior to March 1, 1944.

The maximum allowable working pressure, as indicated
by the certificate of inspection or badge plate shall not be
in excess of that determined by the orders in Part III of
this code for boilers built and installed on or after March 1,
1944, All power boilers built and installed on or after
March 1, 1944 shall be inspected and stamped in accordance
with the orders contained in Part IIT of this code.

4108. Certificate of Competency. Certificates of compe-
tency shall be issued to persons who pass an examination
which shall be prescribed by the Industrial Commission and
which shall determine the fitness and competency of candi-
dates for such certificates of competency.

A certificate of competency issued to an employe of any
city, corporation or company shall be annulled upon the
termination of his employment with that city, corporation
or company by which he was employed at the time of the
issuance of the certificate of competency; such certificate
of competency may, however, be renewed without a
reexamination.

A certificate of competency may be revoked at any time,
but the holder of such certificate of competency shall be
entitled upon demand, to a hearing before the Industrial
Commission before the revocation of the certificate of
competency.

Holders of certificates of competency shall comply with
the hereinafter orders and copies of their reports of inspec-
tions shall be forwarded to the Industrial Commission
within fourteen days after each inspection.

4109. Stamps and Numbers on Boilers. The owner or
operator of a steam boiler shall number each boiler in some
convenient and permanent manner.

Power boilers built and installed on or after March 1,
1944, shall comply with orders in Part IIT of this code, and

e

each boiler shall be inspected, stamped and a data or report
sheet furnished the commission by the builder.

4110. Special Type of Boilers. Builders of special types of
boilers subject to inspection but not covered by the herein-
after orders shall forward to the Industrial Commission
blue prints and specifications of the type.

4111. Advisory Board. An advisory board of boiler rules
appointed by the Industrial Commission without compensa-
tion, may hold hearings and gather such information as will
assist in the formation of recommendations to the commis-
sion that will insure safety in the installation and operation
of steam boilers.

BOILER ROOM RULES
A Suggested Code of Rules to be Followed by the Firemen.*

.1st—Immediate1y upon entering the boiler room ascer-
tain beyond a doubt, whether the water in the boiler is at
the proper level.

2nd—In case of low water with fire in the furnace do not
draw the fire, as this will intensify the heat and make mat-
ters worse, but immediately cover the fire with ashes or
fresh coal (wet ashes or slack coal preferred) and close the
ash doors. Do not under any circumstances, turn on the
feed water or touch the safety valve. LET ALL the steam
outlets REMAIN as they are until the boiler has cooled off.

3rd—See to it that all connections to the water column
are free. Prove the water glass reading by occasional
blowing.

4th—XKeep boiler clean and dry on outside. Do not allow
wet ashes to accumulate around water legs or other parts
of boiler. Do not allow water from leaking joints or other
sources to come in contact with boiler. Failure to observe
these rules will cause corrosion. A

5th—Leaks no matter how slight, should be repaired
immediately, otherwise they will become worse and cause
corrosion and grooving.

* These boiler room rules are not compulsory but are
¢ recomme
as good practice. el

: m——
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6th—Keep boiler clean internally. Do not allow scale, mud
or oily matter to settle on the fire sheets, as it may cause
the sheets to become burnt, bagged or buckled; also
ruptured and explosion may result.

Tth—Cause the safety valves to blow at least once every
twenty-four hours. They sometimes stick. Care should
therefore, be exercised to keep them in good working order.
If the safety valve is not blowing freely when the pressure
gauge indicates the maximum allowable working pressure
in the inspection certificate the cause should be ascertained
immediately.

8th—The blow-off valves should be opened wide for a
moment daily, This will aid in keeping boiler and blow-off
pipe clean, but NEVER open the blow-off valve or cock with
a jerk, as it is liable to let go and cause a serious accident.

9th—Bags should be repaired immediately. If not down
too far and the metal is sound, they can sometimes be
driven back, otherwise it will be necessary to cut out and
patch.

10th—In case of foaming, close the throttle and open the
fire doors for a few minutes, when the water will usually
settle and the proper height may be ascertained. The
trouble, if caused by dirty water, can easily be overcome by
feeding and blowing. Where there is a surface blow it can
be used to good advantage.

11th—Do not blow off under pressure when intending to
clean out, as the heat of the boiler and the brickwork will
bake the mud and scale on the shell and tubes, making it
extremely difficult to remove. Allow the boiler and brick-
work to cool. Boilers should then be drained and thoroughly
cleaned and washed out both from the top and bottom.
Boiler should be cleaned out at intervals frequent enough to
keep it clean and free from scale.

12th—Do not close the damper entirely with fire in the
furnace, as gas is liable to accumulate in the combustion
chamber or tubes and cause an explosion.

13th—XKeep all connections and appurtenances in good
working order and keep everything about the boiler room
clean and neat. In case of accident keep cool but act
promptly and with precision,

I —
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14th—When Preparing for Inspection See to it That the
Man and Hand Hole Plates Are Removed and That Boiler is
Thoroughly Cooled and Cleaned Both Internally and Exter-
nally. The Combustion Chamber Back of the Bridge Wall
Should be Thoroughly Cleaned Out. Also All Valves Should
Be Tight, so That if There Are Any More Boilers in the Bat-
tery Under Steam, the Escaping Steam Will not Prevent a
Thorough Internal Inspection.

Careful Attention to the Above Rules Will Go a Long
Way Toward Prolonging Life of Boilers and Preventing
Accidents.




PART 11

ORDERS APPLICABLE TO BOILERS INSTALLED
PRIOR TO MARCH 1, 1944; SECOND HAND
BOILERS AND GENERAL REPAIRS

4200, Maximum Allowable Working Pressure. The maxi-
mum allowable working pressure on a steam boiler con-
structed wholly or principally of cast iron shall not exceed
fifteen pounds per square inch.

4201. The maximum allowable working pressure on boil-
ers, the tubes of which are secured to cast iron headers,
shall not exceed one hundred and sixty pounds per square
inch.

4202. The maximum allowable working pressure to be
allowed on a steel or wrought iron shell or drum of a boiler
shall be determined from the minimum thickness of the
shell plates, the lowest tensile strength of the plates, the
efficiency of the longitudinal joint, the inside diameter of
the outside course and the lowest factor of safety allowed
by these orders.

TS. X1t X % ’ .
T R. X F.S, — Maximum allowable working pres-
sure per square inch, in pounds.
T.S. = tensile strength of shell plates, in
pounds.
t = minimum thickness of shell plates,

in inches.
% = efficiency of longitudinal joint,

method of determining which is

given in A-1 to A-7 inclusive of
the appendix.

R = radius = one-half the inside dia-
meter of the outside course of
the shell or drum. -

F.S. — lowest factor of safety allowed by
order 4209.

4203. Maximum allowable working pressure on flat sur-
faces of boilers installed previous to March 1, 1944, will be
determined by the following formula. The maximum allow-

<At

able working pressure on flat surfaces of boilers installed
on or after March 1, 1944, will be determined by orders in
Part IIL

Maximum allowable working pressure :__E_Zi_'l;f’_FXS_m
Where T = Thickness of flat surface in inches.

T.S. — tensile strength of material. If actual ten-
sile strength is unknown use that given
in order 4210.

A — area of flat surface in inches (no allowance
being made for the holding power of
tubes or flanges.)

F.S. = factor of safety. (See order 4209)

W S S b e o e R e e R o
gtoav}v'(se.r of tubes or flanges) will be allowed for the holding power of the

4204. The maximum allowable working pressure on un-
stayed dished heads shall be determined by the following
formula, for boilers installed prior to March 1, 1944. For
boilers installed on or after this date the pressure will be
determined by order 4316.

Pressure on concave side.

_Bx T8,
Bl R X5H
Pressure on convex side.
P_Tx T.S. X 0.6
== R X5

Where P — maximum allowable working pressure.
T — thickness of head in inches.
T.S. — tensile strength of head. If actual T. S. is
unknown use order 4210.
R = 14 radius of bump in inches.

4205, Collapsing pressures on furnaces and flues will be
determined by orders 4358 and 4365, inclusive.

Note: When applying the formula in order 4361 to the furnaces or
flues of boilers installed previous to July 1, 1916 the minimum thickness
shall be 34 inch instead of  inch. If greater pressure than that given
by order 4361 is required the furnaces or flues shall be stayed for such
additional pressure but in no case shall the stays be pitched 1o exceed

% inches measured on the surface of the sheet to be stayed. The
minimum size stay bolt to be used shall be % of an inch in diameter.

4206. Cracks and Patches. A boiler on which a longi-
tudinal lap crack is discovered, shall not have the eracked
portion patched, but must be discontinued from service
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until the plate or plates in which the crack was discovered,
have been replaced.

4207. A patch on a boiler shell or drum shall be as nearly
circular as is practical, shall be placed on the pressure side
of the sheet to be patched, where possible, and in no case,
when riveted or bolted shall more than three rivets or
bolts be in a line parallel to the longitudinal seam.

A—A patch shall be riveted where ever practical, except
where the entire pressure exerted on the pateh is supported
by other structure which complies with the orders of this
code. Patch bolts may be used where riveting is not prac-
tical. An opening, the greatest dimension of which does not
exceed 7 inches, may be patched as outlined in section D of
this order.

B—A patch when exposed to the products of combustion
and when not supported by other structure which complies
with the orders contained in this code and patches that are
exposed to the products of combustion and form pockets
for the collection of foreign substances contained in the feed
water, shall be placed so that the entire surface of the patch

is exposed to pressure. This does not apply to that portion

of a patch attached to the boiler joint.

C—A patch shall be of flange steel or fire box steel quality
(See order 4254) and shall be within 1/32 of an inch as thick
as the plate to which it is attached. No plate used as a
patch shall be less than 1/ inch in thickness.

D—An opening, in a boiler, the greatest dimension of
which does not exceed 7 inches may be closed by a strength
welded patch. The patch shall be placed on the inside or
pressure side of the sheet to be patched and shall lap over
at least 1% inch at all edges. All other patches may be seal
welded for tightness.

4208. Secondhand Boilers. After Jan. 1, 1917, second-
hand boilers, by which is meant 2 boiler on which both

ownership and location are changed, shall have a factor of -

safety of at least 514 except where a boiler is constructed in
accordance with Part III of this code where the factor of
safety shall be at least 5.

i

After Jan. 1, 1944 secondhand boilers, as defined in the
above paragraph shall comply with the following:

A—FEach secondhand boiler must be inspected and a hy-
drostatic pressure test applied, by an authorized boiler in-
spector, before it is installed. The hydrostatic pressure test
shall be one and one-half times the maximum allowable
working pressure.

B—Secondhand boilers which comply with the orders on
new construction shall be permitted a maximum allowable
working pressure in accordance with those orders.

C—A secondhand boiler of the lap seam type not exceed-
ing 36 inches in diameter and a secondhand boiler of the
butt strap type, not complying with orders in Part III of
this code, shall be allowed a maximum allowable working
pressure based on a factor of safety of not less than 514.

D—A secondhand boiler of the lap seam type larger than
36 inches in diameter, shall be limited to a maximum allow-
able working pressure not exceeding 15 pounds.

E—Boilers the longitudinal joint on which is exposed to
the intense 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.

F—AIll secondhand boilers when reinstalled must comply
with all the orders in Part III pertaining to fittings,
appliances, valves and connections, and setting or supports.

G—A portable boiler which is brought into this state for
use, shall be inspected and shall be given a hydrostatic pres-
sure test in accordance with Section A of this order and
the Maximum allowable working pressure shall be deter-
mined by using the correct factor of safety according to
Order 4209.

4209. Maximum allowable working pressure shall be de-
termined by using a factor of safety of at least 5 except as
provided for in order 4208.

4210. Strength of Materials. When the tensile strength
of material is not known, it shall be taken as fifty-five thou-
sand (55,000) pounds for steel and forty-five thousand
(45,000) pounds for wrought-iron, thirty thousand (30,000)
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pounds for copper, and eighteen thousand (18,000) pounds
for cast iron. The resistance to crushing of mild steel shall
be taken at ninety-five thousand (95,000) pounds per sq. in.
of cross sectional area.

42,11 Shearing Strength of Rivets. The maximum shear-
ing strength of rivets per square inch of cross-sectional area
shall be taken as follows:

Pounds
Iron rivets in single shear £ _ 38,000
Iron rivets in double shear i —_ 76,000
Steel rivets in single shear —_____________________ 44,000
Steel rivets in double shear __ 88,000

4212. Rivets. When the diameter of the rivet holes in the
longitudinal joints of a boiler is not known, the diameter
and cross-sectional area of rivets, after driving, shall be
taken as follows: °

1/4" 9/32" 5/16” | 11/32"” | 8/8" 3/8"” | 13/32"
Thickness of Plate 0.25” | 0.2812” | 0.3125" [0.34375"| 0.375" | 0.375" |0.40625"

dbitingea = au o 11716 | 11/167 | 3/4" 3/4" 34" | 13/16" | 18/16"
up to &
includ-
ing 2 | over 2"
pitch pitch
Cross-sectional area of
rivet after driving. ... | 0.3712 | 0.8712 | 0.4418 | 0.4418 | 0.4418 | 0.5185 | 0.5185

8q.in. | sq.in. | sg.in. | sq.in. | sq.in. | sq.in. | sq.in.

7/18" | 7/16” | 15/82" [ 1/2"” 9/168"” 5/8"

Thickness of Plate 0.4375" | 0.4375" | 0.46875"| 0.5" 0.5625" | 0.625"
Diameter of rivet after driving..._| 7/8” 15/16” | 15/16” | 15/16” |11/16" |1 1/16"
up to & | over
includ- | 234"
ing 214" pitch

piteh

Cross-sectional area of rivet after
diving=". 1= eoueerasraian= 0.6013 | 0.6903 | 0.6903 | 0.6903 | 0.8866 | 0.8866
sq.in. | sq.in. | sq.in. | sg.in. | sq.in. | sq.in.

42.13. Efficiency of Joint. The percentage of strength of
the solid plate, that a unit length of joint has to a unit
length or plate, shall be calculated as shown in A-1 to A-T7
inclusive of the appendix. The ratio of strength of the
weakest part of the joint to that of the solid plate shall be
known as the efficiency of the joint.

S

4214, Ligament Between Parallel Tube Holes. Efficiency
of ligament; 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 shall be
determined as shown in A-8 of the appendix.

4215. Ligament 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 ligament
between the tube holes shall be determined ag shown in
A-8 of the appendix.

4216. Safety Valves. The “maximum allowable working
pressure” on a boiler is the safe pressure at which the boiler
may be operated determined by orders 4202 to 4205 inclu-
sive. Each 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 per cent
increase while the valve is discharging.,

4217. Each boiler shall have one or more safety valves
set at or below the maximum allowable working pressure.
The remaining valves may be set at a higher pressure in
accordance with order 4392.

4218. Safety valve discharge capacity may be checked by
order 4395 in Part III of this Code.

4219, When additional safety valve capacity is required
the valves shall conform with orders in Part III of this code.

4220. Each safety valve shall have full-sized direct con-
nection to the boiler, and 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 safety valve or escape
pipe. When a boiler is fitted with two safety valves on one
connection, this connection to the boiler shall have a cross-
sectional area equal to or greater than the combined area
of the two safety valves. No valves of any description shall
be placed between the safety valve and the boiler, nor on the
escape pipe between the safety valve and the atmosphere.
When an elbow is placed on a safety valve escape pipe it
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shall be located close to the safety valve outlet, or the escape
pipe shall be securely anchored and supported.

Safety valves having either the seat or disc of cast iron
shall not be used.

4221, Each 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 and in all
cases it must be so placed as to give adequate protection to
those parts of a boiler proper subject to the heat of the
products of combustion.

(a) Horizontal Return Tubular Boilers—not less than
four (4) inches above the upper surface of the
upper row of tubes except when the distance
between the uppermost surface of tubes and the
top of steam space is 13 inches or less the dis-
tance may be reduced to 2 inches.

(b) Locomotive Type Boilers—38 inches above the
highest part of the crown sheet.

(c) Vertical Fire Tube Boilers—not less than one
third the length of the tube above the lower
tube sheet.

(d) Water Tube Boilers—as specified by the manu-
facturer.

(e) Scotch Marine Type Boilers—8 inches above the
combustion chamber top. Note—For Dry Back
see (a).

(f) For other types and new designs the location shall
be as fixed by the manufacturer subject to
approval by the Industrial Commission.

4222, Gage Cocks. Each boiler shall have three gage
cocks, located within range of the visible length of water
glass, when the maximum allowable working pressure ex-
ceeds fifteen pounds per square inch, except when such
boiler has two water glasses, located not less than two feet
apart, on the same horizontal line.

Boilers on which the maximum allowable working pres-
sure does not exceed fifteen pounds shall have at least two
gage cocks.

Locomotive type boilers not over 36 in. in diameter,
or any firebox or waterleg boiler in which the water heat-
ing surface does not exceed 50 sq. feet, need have but two
gauge cocks.

i aoois

4223. No connections shall be placed on pip"és connecting
boiler with water column except connections for damper
regulator, feed water regulator, steam gage or drains.

4224, Steam Gage. Each boiler shall have a steam gage
connected to steam space of boiler or water column by a
syphon or equivalent device sufficient to fill the gage with
water. A shut off valve or cock shall be placed close to the
steam gauge to permit removal for testing while the boiler
is in operation.

4225. Stop Valves. Each steam discharge outlet over
2 inches diameter except safety valve and superheateéer con-
nections shall be fitted with one or more stop valves, located
as near the boiler as practicable. Steam boilers on which
the maximum allowable working pressure does not exceed
15 pounds per square inch the use of a stop valve is optional.

4226. Fusion welding may be used in boilers in cases
where the stress or load is carried by other construction
which conforms to the requirements of the code or where
the safety of the structure is not dependent upon the
strength of the weld. Seal welding for tlghtness only is
approved without restriction.

Note: Fusion welding done in accordance with the provisions con-
tained in the A. S. M. E. Code is approved for all repairs.

4227, Bottom Blow-Off. Connected to the lowest water
space practicable of each boiler, there shall be a bottom
blow-off pipe fitted with a valve or cock. If the pipe or
fittings are exposed to the products of combustion they
shall be protected.

The valves shall be of straight way or angle construction,
and cocks shall have the plugs held in place with a gland or
guard,

Renewals shall conform to requirements in Part III of
this code.

4228, Feed Pipe. Each boiler shall have a feed pipe fitted
with a check valve and a stop valve or a stop cock between
the check valve and the boiler. Means must be provided for
feeding the boiler against the maximum allowable working
pressure on the boiler.
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4229. Valves on Heating Boilers. When a stop valve is
used on the steam discharge outlet of a heating boiler
(Gravity Return System) a check valve and a stop valve
shall be placed on the return pipe. When there are two
connecting boilers one check valve may be placed on the
main return pipe and a stop valve on the branch return pipe
to each boiler.

4230, Annual Internal Inspection. A boiler shall be pre-
pared in accordance with order 4102 for an internal inspec-
tion by the owner or user. If a boiler has not been properly
cooled down, or otherwise prepared for inspection, the
boiler inspector shall decline to inspect it, and he shall not
issue a certificate of inspection until efficient inspection
has been made.

In making inspections, as provided by these orders, the
boiler inspector shall apply the hammer test to all internal
and external parts of a boiler that are accessible.

All proper measurements shall be taken by the boiler in-
spector, so that the maximum allowable working pressure
on a boiler will conform to the orders established by the
Industrial Commission; such measurements to be taken and
calculations made before a hydrostatic pressure test is
applied to a boiler.

The steam gage of a boiler shall be tested and its readings
compared with an accurate test gage, and if, in the judg-
ment of the boiler inspector, the gage is not reliable, he
shall order it repaired or replaced.

4231. Annual External Inspection. The boiler inspector
shall see that the water glass, gage cocks, water-column
connections and water blow-offs are free and clear; also,
that the safety valve raises freely from its seat.

Fire doors, tube doors and doors in settings shall be

opened, to view as far as possible the fire surface, settings,

tube ends, blow-off pipes and other parts of the boiler.

4232, Hydrostatic Pressure Tests. When a boiler is
tested by hydrostatic pressure, the maximum pressure ap-
plied shall be one and one-half times the maximum allow-
able working pressure; except that twice the maximum
allowable working pressure may be applied on boilers per-
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mitted to carry not over fifteen pounds pressure per square
inch.

The boiler inspector, after applying a hydrostatic pres-
sure test, shall thoroughly examine every accessible part of
the boiler, both internal and external.

4233. Maintenance. The ingpector shall note conditions
during the internal inspection, external inspection or hydro-
static pressure test and order such changes or repairs as
will place the boiler in a safe working condition.




PART II1

ORDERS APPLICABLE TO POWER BOILERS BUILT
AND INSTALLED ON OR AFTER MARCH 1, 1944

SELECTION OF MATERIALS

4250. Power Boiler. Any steam boiler exceeding the
sizes for miniature boilers and on which the maximum
allowable working pressure exceeds fifteen pounds shall be
considered a power boiler.

4251. The physical and chemical properties of all mate-
rials used in the construction of steam boilers shall be as
approved by the Industrial Commission.

Note: The “material specifications” in the A. S. M. E. Boiler Construc-

tion Code are approved and where “specifications” are mentioned in
this code it refers to the A. S. M. E. Code.

4252. There shall be two grades of steel for boiler plates,
namely FLANGE AND FIRE BOX manufactured by the
open-hearth or electric furnace process. The physical and
chemical properties of these two grades of steel shall be as
follows:

CHEMICAL PROPERTIES

Flange Fire Box
Garbon—z-:= o Plates 8 inch thick or under- - - |- - occmommcmme o Not over 0.25%
Plates c;y%er P71 (7 1 S Not over 0.80%
Manganese_ _____ Plates #{ inch thick or under. .. 0.80% 0.80%
i Plates over 8 inch thiek...-__ 0.80% 0.80%
h S [0 | et S T CER SRR S Notover0.06% | Notover0.04%,
e B::;ic __________________________ Notover0.04%, | Not over0.035%
21113 1 TN 2 SR S Not over 0.05% | Not over 0.04%

PHYSICAL: PROPERTIES

Flange Fire Box
Tensile Strength, lbs. per sq. in ______________________ 55000-65000 55000-65000
Yield point, min. lbs. per sq.in.. .- o oooooeo- (l),. g &&ngo gtr. (1),. g 5tl§n;6 0str.
Elongation in 8 in., minimum per cent - - T T

Note: Blongation properties may be modified to conform to A. S. M. E,
specifications.
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4253. BEach plate and head shall be distinctly stamped
with the manufacturer’s name, the brand and the lowest
tensile strength. Stamps to be so located as to be plainly
visible when the boiler is finished.

4254, Steel plates for any part of a boiler, under pres-
sure, shall be of flange or firebox quality as designated in
the Specifications for Steel Boiler Plate.

4255. If desired, both flange and firebox steel of lower
tensile strength than specified may be used for an entire
boiler or part thereof, the desired tensile limits to be speci-
fied with a range of 10,000 pounds per square inch. All
such steel shall conform to the Specifications for Steel
Boiler Plate, excepting that the lower limit for carbon in
the case of firebox steel may be less than 0.12 per cent for
steels having the lower tensile strength.

4256. Braces, when welded, shall be of wrought iron of
the quality designated in the Specifications for Extra-
Refined Bar Iron.

4257. Manhole and handhole covers and other parts sub-
jected to pressure, and braces, and lugs, when made of
steel plate, shall be of fire box or flange quality as desig-
nated in the Specifications for Steel Boiler Plate.

4258, Steel bars or structural shapes for braces and for
other boiler parts, except as otherwise specified herein,
shall be of the quality designated in the Specifications for
Steel Bars. .

4259, Staybolts shall be of iron or steel of the quality
designated in the Specifications for Staybolt Iron or in the
Specifications for _Staybolt Steel.

4260. Rivets shall be of steel or iron of the quality desig-
nated in the Specifications for Boiler Rivet Steel or in the
Specifications for Boiler Rivet Iron.

4261, When the maximum allowable working pressure
(see Order 4300) exceeds 160 pounds per square inch, cross
pipes connecting the steam and water drums of water-tube
boilers, headers, cross boxes and all pressure parts of the
boiler proper over 2 inch pipe size, or equivalent cross-
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sectional area, shall be of wrought steel, or cast steel of
Class B grade, as designated in the Specifications for Steel
Castings. Malleable iron, as designated in the Specifica-
tions for Malleable Castings, may be also used when the
maximum allowable working pressure does not exceed 350
pounds per square inch, provided the form and size of the
internal cross section perpendicular to the longest dimen-
sion of the box, is such that it will fall within a 7 inch by
7 inch rectangle.

Pipes used on boilers up to the required valve or valves
on all outlets, including steam lines, feed lines, blow off
lines, and drains shall conform to the specifications for
pipes or tubes. Pipes or tubes which conform to the speci-
fications may be used for drums or other pressure parts of
a boiler or superheater provided the diameter of the pipe
or tube does not exceed 18 in.

For sizes over 3 inch diameter, the steel pipe shall be of
open hearth steel.

4262, Mud drums of boilers shall be of either wrought
steel or cast steel of Class B grade, as designated in the
Specifications.

4263. Pressure parts of superheaters, separately fired or
attached to stationary boilers, unless of the locomotive
type, shall be of wrought steel, puddled or knobbled char-
coal wrought iron, or cast steel of Class B grade, as desig-
nated in the Specifications.

4264. (a) Cast iron shall not be used for nozzles or
flanges attached directly to the boiler for any pressure or
temperature.

(b) Cast iron may be used for boiler and superheater
connections under pressure, such as pipes, fittings, valves
and their bonnets, for pressures up to 250 pounds per
square inch, provided the steam temperature does not
exceed 450 degrees Fahrenheit.

4265. Water-leg and door-frame rings of vertical fire-
tube boilers and of locomotive and other type boilers shall
be of wrought iron or steel, or cast steel of Class A or
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Class B grade, as designated in the Specifications. The OG
or other flanged construction may be used as a substitute
in any case.

Ultimate Strength of Material Used in Computing Joints

4266, Tensile Strength of Steel Plate. In determining the
maximum allowable working pressure, the tensile strength -
used in the computations for steel plates shall be that
stamped on the plates, as provided in the Specifications for
Boiler Plate Steel, which is the minimum of the Stipulated
range, or 55,000 pounds per square inch for all steel plates,
except for special grades having a lower tensile strength.

4267, Crushing Strength of Steel Plate. The resistance
to crushing of steel plate shall be taken at 95,000 pounds
per square inch of cross-sectional area.

4268. Strength of Rivets in Shear. In computing the
ultimate strength of rivets in shear, the following values
in pounds per square inch of the cross-sectional area of the
rivet shank shall be used:

Iron rivets in single shear 38,000
Iron rivets in double shear 76,000
Steel rivets in single shear 44,000
Steel rivets in double shear 88,000

The cross-sectional area used in the computations shall
be that of the rivet shank after driving.

Minimum Thicknesses of Plates and Tubes

4269. Thickness of Plates. The minimum thickness of
any boiler plate under pressure shall be 14 inch. The mini-
mum thickness of plates in stayed surface construction
shall be % inch.

4270. The minimum thicknesses of shell plates, and
dome plates after flanging, shall be as follows:

‘When the Diameter of shell is

Over 36 Inches Over 54 Inches
36 Inc}lf(f or Under to 54 Inches to 72 Inches

Over 72 Inch
inch %t inch 3 inch Tch

4271, The minimum thickness of butt straps for double
strap joints shall be as given in Table I in which the re-
quired thickness of the shell is that obtained by the rules
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4274, Tubes for Fire-Tube Boilers. The minimum thick-
nesses of tubes used in fire-tube boilers, for various maxi-

mum allowable working pressures, shall be as given in
Table 4.

Copper boiler tubes shall not be used for pressures in
excess of 250 pounds per square inch, nor where the tem-
perature of the water or steam in contact with tubes sub-
jected to external pressure is in excess of 406 deg.
Fahrenheit.

4275, Thickness of Steam Piping. In determining the
thickness to be used for pipes at different pressures and
for temperatures not exceeding 750 degrees Fahrenheit, for
steel or iron pipe, and 406 degrees Fahrenheit, for brass
and copper pipe, the following formulas are to be used:

For pipes having nominal diameters of from % inch to 5 inches,
(P + 125)D

t= 55 + 0.065
For pipes of nominal diameter over 5 inches,
__P%D
t= 28 + 0.1

where

P = working pressure, lbs. per sq. in.

t = thickness of wall of pipe, inches

D —actual outside diameter of pipe, inches

S =29,000 lbs. per sq. in. for seamless steel pipe
=17000 lbs. per sq. in. for lap-welded steel pipe
=5000 lbs. per sq. in. for butt-welded steel pipe
=5300 lbs. per sq. in. for lap-welded wrought iron pipe
=4500 Ibs. per sq. in. for butt-welded wrought iron pipe
= 4500 Ibs. per sq. in. for brass pipe
=4000 lbs. per sq. in. for copper pipe

Where pipe is used pierced with tube holes, the stress in
the ligaments may be taken as the stress specified above for
seamless material, provided the tube holes do not pierce the
weld, and provided that the pressure shall not be greater
than that allowed for the unpierced pipe.

|

CONSTRUCTION AND MAXIMUM ALLOWABLE
WORKING PRESSURES FOR STEAM
POWER BOILERS

4300. Maximum Allowable Working Pressure. The maxi-
mum allowable working pressure is that determined by
employing the factors of safety, stresses, and dimensions
designated in these Rules.

No boiler shall be operated at a higher pressure than the
maximum allowable working pressure except when the
safety valve or valves are blowing, at which time the maxi-
mum allowable working pressure shall not be exceeded by
more than 6 per cent.

Wherever the term maximum allowable working pressure
is used herein, it refers to gage pressure, or the pressure
above the atmosphere, in pounds per square inch.

4301. The maximum allowable working pressure of the
shell of a boiler or drum shall be determined by the strength
of the weakest course, computed from the thickness of the
plate, the tensile strength stamped thereon, as provided
for in the Specifications for Steel Boiler Plate, the efficiency
of the longitudinal joint, or of the ligament between the
tube holes in shell or drum (whichever is the least), the-
inside diameter of the course, and the factor of safety.

TS Xt X E
—_RX 2 F>é —= maximum allowable working pressure, lbs. per
sq. in.
where

TS = ultimate tensile strength stamped on all shell plates, as
provided for in the Specifications for Steel Boiler
Plate, 1bs. per sq. in.
t=minimum thickness of shell plates in weakest course,
inches

E =efficiency of longitudinal joint or of ligaments between
tube holes (whichever is the least)

R =inside radius of the weakest course of the shell or drum,
inches, provided the thickness of the shell does mnot
exceed 10 per cent of the radius. If the thickness is
over 10 per cent of the radius the outer radius shall
be used for R.

FS = factor of safety, or the ratio of the ultimate stlength of
the material to the allowable stress.

For new construction F'S in the above formula = 5.
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The factor of safety used in determining the maximum
allowable working pressure calculated on the conditions
actually obtained in service shall not be less than 5.

Boiler Joints

4302. Efficiency of a Joint. The efficiency of a joint is the
ratio which the strength of the joint bears to the strength
of the solid plate. In the case of a riveted joint this is
determined by calculating the breaking strength of a unit
section of the joint, considering each possible mode of
failure separately, and dividing the lowest result by the
breaking strength of the solid plate of a length equal to
that of the section considered. (See A-1 to A-T inclusive
of the Appendix for detailed methods and examples.)

43.03. The distance between the center lines of any two
adjacent rows of rivets, or the “back pitch” measured at
right angles to the direction of the joint, shall have the
following minimum values:

a If % is 4 or less, the minimum value shall be 2d;

b If p is over 4, the minimum value shall be:
2d + 01 (P—44d)
where
P = pitch of rivets in outer row where a vivet in the inner row
comes midway between two rivets in the outer row,
inches
P = pitch of rivets in the outer row less pitch of rivets in
the inner row where two rivets in the inner row come
between two rivets in the outer row, inches
(It is here assumed that the joints are of the usual con-
struction where the rivets are symmetrically spaced.)
d = diameter of the rivet holes, inches

The back pitch of rivets shall be measured either on the
flat plate before rolling, or on the median line after rolling.

4304. On the longitudinal joints, the distance from the
centers of rivet holes to the edges of the plates, except
rivet holes in the ends of butt straps, shall be not less than
114 and not more than 134 times the diameter of the rivet
holes; this distance to be measured from the center of the
rivet holes to the calking edge of the plate before calking.

PR G

The plate edge shall be beveled to an angle not sharper
than 70 degrees to /thg plane of the plate and as near
thereto as practicable.

4305. (a) Circumferential Joints. The strength of eir-
cumferential joints of boilers, the heads of which are not
stayed by tubes or through braces, shall be at least 50 per
cent of that required for the longitudinal joints of the same
structure.

(b) When 50 per cent or more of the load which would
act on an unstayed solid head of the same diameter as the
shell, is relieved by the effect of tubes or through stays, in
consequence of the reduction of the area acted on by the

£~ TNy
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Tig. 1. Circumferential Joint for Thick Plates
of Horizontal-Return Tubular Boilers.

7 " Min. Rad.

pressure and the holding power of the tubes and stays, the
strength of the circumferential joints in the shell shall be
at least 35 per cent of that required for the longitudinal
joints.

(¢) In the portion of circumferential joints of horizontal-
return tubular boilers, exposed to the products of combus-
tion, the shearing strength of the rivets shall not be less
than 50 per cent of the full strength of the plate corre-
sponding to the thickness at the joint.

(d) The distance from the centers of rivet holes of cir-
cumferential joints to the edges of the plate shall not be less
than 114 times the diameter of the rivet holes.

4306. When shell plates exceed 53 inch in thickness in
horizontal-return tubular boilers, the portion of the plates
forming the laps of the circumferential joints, where ex-
posed to the fire or products of combustion, shall be planed
or milled down as shown in Figure 1, to a thickness of not
over 4% inch provided the requirement in Order 4305 is
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complied with, or the entire circumference may be so
planed or milled. The fillet at the edge of the planing shall
be not less than 1 inch radius.

4307. Welded Joints. The ultimate strength of a joint
which has been properly welded by the forging process shall
be taken as 35,000 pounds per square inch, with steel plates
having a range in tensile strength of 45,000 to 55,000
pounds per square inch. Fusion welding may be used in
boilers in cases where the stress or load is carried by other
construction which conforms to the requirements of the
code or where the safety of the structure is not dependent
upon the strength of the weld. Seal welding for tightness
only is approved without restriction.

Note: Fusion Weldmﬁ done in accordance with the requirements con-
tained in the A. code is approved in all cases.

4308. Seamless Construction. Drums, shells or domes
may be of seamless drawn construction, with or without
integral heads, provided the material conforms to the
requirements of the Code for shell material.

4309. (a) Riveted Longitudinal Joints. The riveted longi-
tudinal joints of a shell or drum which exceeds 86 inches
in diameter, shall be of butt and double-strap construction.
This rule does not apply to the portion of a b01ler shell
which is staybolted to the firebox sheet.

(b) The longitudinal joints of a shell or drum which does
not exceed 36 inches in diameter, may be of lap-riveted con-
struction; but the maximum allowable working pressure
shall not exceed 100 pounds per square inch.

4310. The longitudinal joints of horizontal-return tubular
boilers shall be located above the fire-line of the setting.

4311. In horizontal-return tubular boilers with longi-
tudinal lap joints, no course shall be over 12 feet long.
With butt and double-strap econstruction, longitudinal joints
of any length may be used.

4312, Butt straps and the ends of shell plates forming
the longitudinal joints shall be rolled or formed by pressure,
not blows, to the proper curvature.

4313. Efficiency of Ligament. When a shell cr drum is
drilled for tubes in a line parallel to the axis of the shell or
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drum, the efficiency of the ligament between the tube holes
shall be determined as shown in A-8 of the appendix.

4314. In applying reinforcing plates to the drums of
water-tube boilers to strengthen the shell where the tubes
enter, they shall be riveted to the shell, and "‘where outside
calking is used, the tubes shall be expanded into the inner
and outer plates so that the rivets and tubes will hold the
plates together in accordance with the rules for stayed
surfaces.

The spacing of the rivets with respect to the tubes shall
conform to Order 4320 for stayed surfaces, using a value of
135 for C, and shall be based on a unit pressure equal to the
pressure that can be carried by the inner plate with a factor
of safety of 5.

Note: Where a reinforcing plate is inside the steam drum it is the
inner plate; where it is outside and there is no inner reinforcing plate,
the unreinforced shell of the drum is the inner plate.)

The tension in rivets and tubes shall conform to Order
4341 and 4353.

The combined drum shell and reinforcing plate or plates,
and riveted connections, shall have a factor of safety of not
less than 5 in the ligaments, when calculated in accordance
with Order 4313. When reinforcing plates or butt straps
are exposed to flame or gas of the equivalent temperature,
the joints shall be protected therefrom.

DOMES

4315, Domes, The longitudinal joint of a dome 24 inches
or over in inside diameter shall be of butt and double-strap
construction, or made without a seam of one piece of steel
pressed into shape, and its flange shall be double-riveted to
the boiler shell. In the case of a dome less than 24 inches
in diameter, for which the product of the inside diameter
and the maximum allowable working pressure does not
exceed 4000 inch-pounds, its flange may be single-riveted
to the boiler shell and the longitudinal joint may be of the
lap type, provided it is computed with a factor of safety
not less than 8.

When a dome is located on the barrel of a locomotive-type
boiler or on the shell of a horizontal-return tubular boiler,

e
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the diameter of the dome shall not exceed six-tenths the
diameter of the shell or barrel of the boiler.

All domes shall be so arranged that any water can drain
back into the boiler.

Flanges of domes shall be formed with a corner radius,
measured on the inside, of at least twice the thickness of
the plate for plates 1 inch thick or less, and at least three
times the thickness of the plates for plates over 1 inch in
thickness.

When boiler ghells are cut to apply steam domes or man-
holes, the net area of metal, after rivet holes are deducted,
in flange and liner, if used, must not be less than the area
required by these rules for a length of boiler shell equal to
the length removed. A height of vertical flange equal to
three times the thickness of the flange may be included in
the area of the flange.

Dished Heads

4316. Heads. The thickness required in an unstayed
dished head with the pressure on the concave side, when it
is a segment of a sphere, shall be calculated by the follow-
ing formula:

__8.33 PL

. 2Ts
where

t = thickness of plate, inches
P = maximum allowable working pressure, lbs. per sq. in.
TS = tensile strength, lbs. per sq. in.
L — radius to which the head is dished, inches
Where two radii are used the longer shall be taken as the value
of L in the formula.

Where the radius is less than 80 per cent of the diameter
of the shell or drum to which the head is attached the
thickness shall be at least that found by the formula by
making L equal to 80 per cent of the diameter of the shell
or drum.

Unstayed dished heads with the pressure on the convex
side shall have a maximum allowable working pressure
equal to 60 per cent of that for heads of the same dimen-
sions with the pressure on the concave side.

P

When a head dished to a segment of a sphere has a
flanged-in manhole or access opening that exceeds 6 in.inany
dimension, the thickness shall be increased by not less than
15 per cent of the required thickness for a blank head com-
puted by the above formula, but in no case less than 14 in.
additional thickness over a blank head. Where such a
dished head has a flanged opening supported by an attached
flue, an increase in thickness over that for a blank head is
not required.

4317. (A) When dished heads are of a less thickness
than called for by Order 4316 they shall be stayed as flat
surface, no allowance being made in such staying for the
holding power due to the spherical form unless all of the
following conditions are met:

(a) That they be at least two-thirds as thick as called
tor by the rules for-unstayed dished heads.

(b) That they be at least 74 in. in thickness.

(¢) That through stays be used attached to the dished
head by outside and inside nuts. :

(d) That the maximum allowable working pressure shall
not exceed that calculated by the rules for an unstayed
dished head plus the pressure corresponding to the strength
of the stays or braces secured by the formula for braced or
stayed surfaces as given in Order 4320, using 70 for the
value of C.

(B) If a dished head is formed with a flattened spot or
surface for the attachment of a connection or flange, the
diameter of the flat spot shall not exceed the value of P as
given in the formula in order 4320 or in Table 6 for the
pressure and thickness of head involved.

4318. The corner radius of an unstayed dished head
measured on the concave side of the head shall be not less
than 3 times the thickness of the material in the head; but
in no case less than 6 per cent of the diameter of the shell.
In no case shall the thinning down at the corner radius of
the knuckle of any dished head due to the process of form-
ing exceed 10 per cent of the thickness required by the
rules in Order 4316.

4319. A flanged-in manhole opening in a dished head shall
be flanged to a depth of not less than 8 times the required
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thickness of the head for plate up to 114 in. in thickness.
For plate exceeding 114 in. in thickness, the depth shall be
the thickness of the plate plus 3 in. The depth of flange
shall be determined by placing a straight edge across the
outside opening along the major axis and measuring from
the straight edge to the edge of the flanged opening. A
manhole opening may be reinforced by a riveted manhole
frame or other attachment in place of flanging.

Braced and Stayed Surfaces

4320. The maximum allowable working pressure for vari-
ous thicknesses of braced and stayed flat plates and those
which by these Rules require staying as flat surfaces with
braces or staybolts of uniform diameter symmetrically
spaced, shall be calculated by the formula:

Tﬂ
pﬂ

P=0C¥
where 1

P =maximum allowable working pressure, 1bs. per sq. in.

T = thickness of plate in sixteenths of an inch

p=maximum pitch measured between straight lines passing
through the centers of the staybolts in the different
rows, which lines may be horizontal, vertical or inclined,
inches

C=112 for stays screwed through plates not over 1% inch
thick with ends riveted over.

C =120 for stays screwed through plates over +r inch thick
with ends riveted over

C=185 for stays screwed through plates and fitted with
single nuts outside of plate or with inside and outside
nuts omitting washers (See Order 4324)

C=150 for stays with heads not less than 1.8 times the diam-
eter of the stays, serewed through plates or made a taper
fis and having the heads formed on the stays before in-
stalling them and not riveted over, said heads being
made.to have a true bearing on the plate.

C= 175 for stays fitted with inside and outside nuts and out-
side washers where the diameter of washers is not less
than 0.4p and thickness not less than T.

For stays at the upper corners of fire boxes, the pitch from the
staybolt next to the corner to the point of tangency of the corner
curve shall be (see Fig. 2):

Tl
stch = g0V CP
Kl Angularity of Tangent-Lines (8)

AR

If a flat boiler plate not less than 34 inch thick is
strengthened with a doubling plate covering the full area of
the stayed surface and securely riveted thereto and having
a thickness of not less than 24 T, then the value of T in the
formula shall be three-quarters of the combined thickness

Fig. 2. Pitch of Staybolts Adjacent to Upper Corners
of Fireboxes.
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Not less than
Z‘I?_ Diameters
of bolt as measured
on the oulside of
threaded portion but
must be 0.4 Pifch of
Stays it CY= 175
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Not less than % -
if C=150 or less, and
nof lesas than t if C=175

Tig. 3. Acceptable proportions for Ends
of Through Stays.

of the boiler plate and doubling plate but not more than 114
times the thickness of the boiler plate, and the value of C
given above may also be increased 15 per cent.

When two sheets are connected by stays and but one of
these sheets requires staying, the value of C is governed
by the thickness of the sheet requiring staying.

'Acceptable proportions for the ends of through stays
with washers are indicated in Fig. 8.
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4321. Staybolts. The ends of staybolts or stays screwed
through plates, shall extend beyond the plate not less than
two threads when installed, after which they shall be riv-
eted over or upset by an equivalent process without exces-
sive scoring of the sheets; or they shall be fitted with
threaded nuts through which the bolt or stay shall extend.
The outside ends of solid staybolts, 8 inches and less in
length, shall be drilled with a hole at least % inch diameter
to a depth extending at least 14 inch beyond the inside of
the plates, or hollow staybolts may be used. On boilers
having a grate area not exceeding 15 square feet, or the
equivalent in gas or oil-fired boilers, the drilling of stay-
bolts is optional. Solid staybolts over 8 inches long, and
flexible staybolts of either the jointed or ball-and-socket
type, need not be drilled. Staybolts used in water-legs of
water-tube boilers shall be hollow or drilled at both ends,
irrespective of their length. All staybolts not normal to the
stayed surface shall have not less than three engaging
threads of which at least one shall be a full thread.

4322, Structural Reinforcements. When channels or other
structural shapes are riveted to the boiler heads for attach-
ing through stays, the transverse stress on such members
shall not exceed 12,500 pounds per square inch. In comput-
ing the stress, the section modulus of the member shall be
used without addition for the strength of the plate. The
spacing of the rivets over the supported surface shall be
determined by the formula in Order 4320 using 135 for the
value of C.

If the outstanding legs of the two members are fastened
together so they act as one member in resisting the bend-
ing action produced by the load on the rivets attaching the
members to the head of the boiler, and provided that the
spacing of these rivets attaching the members to the head
is approximately uniform, the members may be computed
as a single beam uniformly loaded and supported at the
points where the throcugh braces are attached.

4323. Stays. The ends of stays fitted with nuts shall not
be exposed to the direct radiant heat of the fire.

4324. (a) The maximum spacing between centers of
rivets or between the edges of tube holes and the centers of

rivets attaching the crowfeet of braces to the braced sur-
face, shall be determined as in Order 4320, using 135 for the
value of C.

(b) The maximum distance beween the edges of tube
holes and the center of other types of stays shall be deter-
mined by the formula in Order 4320, using the value of C
given for the thickness of plate and type of stay used.

(¢) The maximum spacing between the inner surface of
the shell and lines parallel to the surface of the shell passing
through the centers of the rivets attaching the crowfeet
of braces to the head, shall be determined by the formula
in Order 4320, using 175 for the value of C.

(d) The maximum distance between the inner surface of
the shell and the centers of braces of other types shall be
determined by the formula in Order 4320, using a value of C
equal to 1.8 times that value of C which applies to the thick-
ness of plate and type of stay as therein specified.

(e) In applying these Rules and those in Order 4320 to
a head or plate having a manhole or reinforced opening, the
spacing applies only to the plate around the opening and not
across the opening.

TABLE 6, MAXIMUM ALLOWABLE PITCH, IN IN’CHES OF SCRE
STAYBOLTS, ENDS RIVETED OVE L

Thickness of Plate, Inches
Pressure I I
Lbs. per Sq. In. 5/16 3/8 7/16 1/2 9/16 5/8 11/16
# Maximum Pitch of Staybolts, Inches )
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1 15 53 65 6% 7%

T Ew 414 5 5% 64 g

4325. The formula in Order 4320 was used in computing
Table 6. Where values for screwed stays with ends riveted
over are required for conditions not given in Table 6, they
may be computed from the formula and used, provided the

———
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piteh does not exceed 814 inches. Where the staybolting of
shells of boilers is unsymmetrical by reason of interference
with butt straps or other construction, it is permissible to
consider the load carried by each staybolt as the area calcu-
lated by taking the distance from the center of the spacing
on one side of the bolt to the center of the spacing on the
other side.

For the application of Order 4326 and 4327, see Fig. A-13
in the Appendix.

4326. The distance from the edge of a staybolt hole to a -

straight line tangent to the edges of the rivet holes may be
substituted for p for staybolts adjacent to the riveted edges
bounding a stayed surface. When the edge of a flat stayed
plate is flanged and riveted, the distance from the center of
the outermost stays to the inside of the supporting flange
shall not exceed the pitch of the stays, p, plus the inside
radius of the flange.

4327. The maximum pitch p as given in Order 4320 may
be increased by the staybolt hole diameter where staybolts
are adjacent to a furnace door or other boiler fitting, tube
hole, handhole or other opening.

4329. The diameter of a screw stay shall be taken at the
bottom of the thread or wherever it is of the least diameter.

4330. The least cross-sectional area of a stay shall be
taken in calculating the allowable stress, except that when
the stays are welded and have a larger cross-sectional area
at the weld than at some other point, the strength at the
weld shall be computed as well as in the solid part and the
lower value used. J

4331, Holes for screw stays shall be drilled full size or
punched not to exceed 14 inch less than full diameter of the
hole for plates over % inch in thickness, and 14 inch less
than the full diameter of the hole for plate not exceeding
2 inch in thickness, and then drilled or reamed to the full
diameter. The holes shall be tapped fair and true, with a
full thread.

4332. The ends of steel stays upset for threading, shall
be thoroughly annealed.

S

4333. (a) The maximum allowable working pressure for
any curved stayed surface subject to internal pressure shall
be obtained by the two following methods, and the minimum
value obtained shall be used:

First, the maximum allowable working pressure shall
be computed without allowing for the holding power
of the stays, due allowance being made for the weak-
ening effect of the holes for the stays or riveted
longitudinal joint or other construction. To this pres-
sure there shall be added the pressure secured by the
formula for braced and stayed surfaces given in
Order 4320, using 70 for the value of C.

Second, the maximum allowable working pressure shall
be computed without allowing for the holding power
of the stays, due allowance being made for the weak-
ening effect of the holes for the stays or riveted
longitudinal joint. or other construction. To this
pressure there shall be added the pressure corre--
sponding to the strength of the stays or braces for
the stresses given in Table 7, each stay or brace be-
ing assumed to resist the steam pressure acting on
the full area of the external surface supported by the
stay or brace.

(b) The maximum allowable working pressure for a
stayed wrapper sheet of a locomotive-type boiler shall
be determined by the two methods given above and
by the method which follows, and the minimum value
obtained shall be used: ‘

b 11,0006 X E
— R—Z=(s X sin )

where
P —=maximum allowable working pressure, lb. per
sq. in.
t = thickness of wrapper sheet, in.
E =minimum efficiency of wrapper sheet through
joints or stay holes
R = radius of wrapper sheet, in.

Z(s X sin o) =summated value of transverse spacing s X
sin o for all-crown stays considered in one
transverse plane and on one side of vertical
axis of hoiler
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s=transverse spacing of crown stays in crown
sheet, in.
o« =angle any crown stay makes with vertical
axis of boiler ’
11,000 = allowable stress, 1b. per sq. in.

The above formula applies to the longitudinal center sec-
tion of the wrapper sheet, and in cases where E is reduced
at another section, the maximum allowable working pres-
sure based on the strength at that section, may be increased
in the proportion that the distance from the wrapper sheet
to the top of the crown sheet at the center, bears to the

Fig. 4. Stayed Wrapper Sheet of
Locomotive-Type Boiler.
distance, measured on a radial line through the other sec-
tion, from the wrapper sheet to a line tangent to the crown
sheet and at right angles to the radial line (see Fig. 4).

(¢) A furnace, for a vertical fire-tube boiler, 38 inches
or less in outside diameter, which requires staying, shall
have the furnace sheet supported by one row of staybolts,
or more, the circumferential pitch not to exceed 1.05 times
that given by the formula in Order 4320.

The longitudinal pitch between the staybolts, or between
the nearest row of staybolts and the row of rivets at the
joints between the furnace sheet and the tube sheet or the
furnace sheet and mud ring, shall not exceed that given by
the following formula:

__(220 % T“)2
L="Px R
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where
L = longitudinal pitch of staybolts
T = thickness of furnace sheet in sixteenths of an inch
— maximum allowable working pressure, 1bs. per sq. in.
R = outside radius of furnace, inches

When values by this formula are less than the circum-
ferential pitch, the longitudinal pitch may be as large as
the allowable circumferential pitch.

The stress per square inch in the staybolts shall not
exceed 7500 pounds and shall be determined in the way
specified in section (d).

(d) In furnaces over 38 inches in outside diameter and
combustion chambers not covered by special rules in this
Code, which have curved sheets subject to external pres-
sure, that is, pressure on the convex side, neither the cir-
cumferential nor longitudinal pitches of the staybolts shall
exceed 1.05 times that given by the formula in Order 4320.

Fig. 5. Method of Determining Net Area of Segment of a Head,

The stress per square inch in staybolts shall not exceed
7500 pounds based on a total stress obtained by multiplying
the product of the circumferential and longitudinal pitches,
less the minimum cross-sectional area, by the maximum
allowable working pressure.

4334, Staying Segments of Heads. A segment of a head
shall be stayed by head to head, through, diagonal, crow-
foot or gusset stays, except that a horizontal-return tubular
boiler may be stayed as provided in Orders 4346 to 4350,
inclusive.
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4335. Areas of Heads to be Stayed. The area of a seg-
‘ment of a head to be stayed shall be the area enclosed by
lines drawn 2 inches from the tubes and at a distance d
from the shell as shown in Figures 5 and 6. The value of d
used may be the larger of the following values:

(1) d=the outer radius of the flange, not exceeding 8 times the
thickness of the head.

2) d:'—-5 ><_.T

v P
where

d = unstayed distance from shell, inches
T = thickness of kead in sixteenths of an inch
P =maximum allowable working pressure, lbs. per sq. in.
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Fig, 6. Method of De.tcfmining Net Area of Irregular
Segment of a Head.

In water-tube boilers, the tubes of which are connected to
drum heads, the area to be stayed shall be taken as the total
area of the head less the area of an annular ring of width d
measured from the inner circumference of the drum shell.

The rules in order 4337 shall be used to determine if
staying is required.

4336. When the tube heads of drums of water-tube
boilers are 30 inches or less in diameter and the tube plate
is stiffened by flanged ribs or gussets, no stays need be used
if a hydrostatic test to destruction of a boiler or unit section
built in accordance with the construction, shows that the
factor of safety is at least 5.

4337, Stays or braces shall be used in the tube sheets of
a fire-tube boiler if the distance between the edges of the
tube holes exceeds the maximum pitch of staybolts for the
corresponding plate thickness and pressure given in Table 6.

R

That part of the tube sheet which comes between the tubes
and the shell need not be stayed, if the greatest distance
measured along a radial line from the inner surface of the
shell to the center point of the tangent common to any two
tube holes on the shell side of such holes does not exceed
1.5 times the maximum pitch of staybolts for the corre-
sponding plate thickness and pressure. given in Table 6.
The tube holes to which a common tangent may be drawn in
applying this rule shall not be at a greater distance from
edge to edge than the maximum pitch referred to.

4338. The net area to be stayed in a segment of a head
may be determined by the following formula:

—d—2)° 2
e (H ; ) 'V/(H fd—_d)z) — 0.608 = area to be stayed, sa. in.

where
H — distance from tubes to shell, inches
d = distance determined by formula, in Order 4335
R —radius of boiler head, inches

4339. When stays are required the portion of the heads
below the tubes in a horizontal-return tubular boiler may be
supported by through stays with nuts inside and outside
at the front head and by attachments which distribute the
stress at the rear head. Where a manhole opening is pro-
vided, the flange of which is formed from the solid plate and
turned inward to a depth of not less than three times the
required thickness. of the head, measured from the outside,
the area to be stayed as indicated in Fig. 6 may be reduced
by 100 square inches.

The distance in the clear between the bodies of the braces,

or of the inside braces where more than two are used, shall
not be less than 10 inches at any point.

4340. When stay rods are screwed through the sheets
and riveted over they shall be supported at intervals not
exceeding 6 feet. In boilers without manholes, stay rods
over 6 feet in length may be used without support if
screwed through the sheets and fitted with nuts and wash-
ers on the outside, provided the least cross-sectional area

of the stay rod is not less than that of a circle 1 inch in
diameter,
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4341. (a) The full pitch dimensions of the stays shall be
employed in determining the area to be supported by a
stay, and the area occupied by the stay shall be deducted
therefrom to obtain the net area. The product of the net
area in square inches, by the maximum allowable working
pressure in pounds per square inch, gives the load to be
supported by the stay.

(b) Where stays come near the outer edge of the sur-
faces to be stayed and special allowances are made for the
spacing, the load to be carried by such stays shall be deter-
mined by neglecting the added area provided for by these
special allowances.

(For example, if the minimum pitch by Table 6 would
make a staybolt come 6 inches from the edge of the plate
and a special allowance would make it come 7 inches, the
distance of 6 inches should be used in computing the load
to be carried.)

(¢) The maximum allowable stress per square inch at
point of least net cross-sectional area of staybolts and stays
or braces shall be as given in Table 7. In determining the
net cross-sectional area of drilled or hollow stay-bolts, the
cross-sectional area of the hole shall be deducted.

TABLE 7. MAXIMUM ALLOWABLE STRESSES FFOR STAYBOLTS
OR BRACES

Stresses, lbs. per sq. in.

Desecription of staybolts and stays or braces

For lengths be- For'lengths¥he-
tween supports not | tween supports ex-
exceeding 120 ceeding 120
diameters! diameters!

a Unwelded or flexible staybolts less than twenty
diameters! long, screwed through plates with
onde TIvetediover. . - oo o v s 7, 500

b Hollow steel staybolts less than twenty diam-
eters! long, serewed through plates with ends

TIOEA0 OVBE L S e o s s s T L G {0001 | [|hesemraimae sy
¢ Unwelded stays or braces and unwelded portions

of welded stavs or braces. - - _ .o ____ ... 9, 6500 8, 500
d Steel through stays or braces exceeding 134

inehes:dfavaeterl . ___ . .. . ocoogesieiis 10, 400 9, 000
@ Welded portions of stays or braces.___________ 6, 000 6, 000

1Diameters taken at body of stay or brace.

(d) The length of the stay between supports shall be
measured from the inner faces of the stayed plates. The
stresses are based on tension only. For computing stresses
in diagonal stays, see Orders 4342 and 4343.

= oS

4842. Stresses in Diagonal and Gusset Stays. Multiply
the area of a direct stay required to support the surface
by the slant or diagonal length of the stay; divide this
product by the length of a line drawn at right angles to
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Fig. 7. Measurements for determining stresses in
diagonal stays.

surface supported to center of palm of diagonal stay. The
quotient will be the required area of the diagonal stay.

__aXL
A="7

where
== gectional area of diagonal stay, sq. in.
a — sectional area of direct stay, sq. in.
L = length of diagonal stay, as indicated in Fig. 7, inches
1=1length of line drawn at right angles to boiler head or sur-
face supported to center of palm of diagonal stay, as
indicated in Fig. 7.

Example: Given diameter of direct stay — 1 inch, a = 0.7854,
L =060 inches, 1=—48 inches; substituting and solving:

0.7854 60
A= ———4§>S——= 0.981 sectional area, sq. in.

Diameter = 1.11 inches = 1% inches

4343. For staying segments of tube sheets such as in
horizontal-return tubular boilers, where L is not more than
1.15 times 1 for any brace, the stays or braces may be cal-
culated as direct stays or braces allowing 90 per cent of
the stress given in Table 7.

4344, Design of Braces and Brace Connections. All rivet
and pin holes shall conform to the requirements in Order
4374 and the pins shall be made a neat fit. To determine
the sizes that shall be used proceed as follows:
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1. Determine the “required cross-sectional area of the é““g Seludon
brace” by first computing the total load to be car- A
ried by the brace, and dividing the total load by :
the value of allowable stress for unwelded stays sl e
or braces given in Table 7. BR|EE| 11 hewe
2. Design the body of the brace so that the cross- a4 e
sectional area shall be at least equal to the ‘“re- @ N AR
quired cross-sectional area of the brace” for un- 5,« 2 g i
welded stays or braces. Where the stays or braces BB 282 28] |lecess
are welded, the cross-sectional area at the weld R o (28| 1
shall be at least as great as that computed for a 9y & = bl
stress of 6000 pounds per square inch (see B <! " i ;
Table 7). g s P82 | lheme
3. Make the area of pins to resist double shear at least SR S|gal (T
three-quarters of the “required cross-sectional 8 § ES : :
area of the brace.” S i ; ;
4. Make the combined cross-section of the eye at the S |88 lpeeeel
side of the pin (in crowfoot braces) at least 25 per = <o |85 "
cent greater than the “required cross-sectional 2 = ' '
_ area of the brace.” 54| s " 5 :
5. Make the cross-sectional areas through the blades e A|es ga i e o |
of diagonal stays or braces where attached to the g-= || 8|85 |88 ™ s g
shell of the boiler at least equal to the required SRR & ! i
rivet section; that is, at least equal to 114, times g < . : T
the “required cross-sectional area of the brace.” [ Z <% |8g| | i
6. Design each branch of a crowfoot to carry two- @ 8 Fe|28| e
thirds the total load on the brace. 2 % @& '
7. Make the net sectional areas through the sides of Z w N o
the crowfoot, tee irons, or similar fastenings at 2o o Ba i
the rivet holes at least equal to the required rivet & i L 48| g |
section, that is, at least equal to 114, times the @ 8 edliils '
“required cross-sectional area of the brace.” g™ 5 e
8. Make the combined cross-sectional area of the rivets @ g |l 3|8
at each end of the brace at least 114 times the wlg e 5; G| o !
“required cross-sectional area of the brace.” K ; £[%=|&7 i
M = R
4345, Gusset stays when constructed of triangular right- 5 a3 dq E i
angle web plates secured to single or double angle bars along By ED| wes il
the two sides at right angles shall have a cross-sectional ol g i
area (in a plane at right angles to the longest side and < —
passing through the intersection of the two shorter sides) g"éw_
not less than 10 per cent greater than would be required EEE‘ Srsm o
for a diagonal stay to support the same surface, figured by ;%‘f',.g
the formula in Order 4342, assuming the diagonal stay is Ng

at the same angle as the longest side of the gusset plate.
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4346, Staying of Upper Segments of Tube Heads by Steel
Angles. When the shell of a boiler does not exceed 36
inches in diameter and is designed for a maximum allow-
able working pressure not exceeding 100 pounds per square
inch, the segment of heads above the tubes may be stayed
by steel angles as specified in Table 8 and Fig. 8, except
that angles of equal thickness and greater depth of out-
standing leg, or of greater thickness and the same or
greater depth of outstanding leg, may be substituted for
those specified. The legs attached to the heads may vary
in depth 14 inch above or below the dimensions specified in
Table 8. ’

ce Table

A

-

Fig. 8. Staying of Head with Steel Angles in
Tubular Boiler.

4347. When this form of bracing is to be placed on a
boiler, the diameter of which is intermediate to or below
the diameters given in Table 8, the tabular values for the
next higher diameter shall govern. Rivets of the same
diameter as used in the longitudinal seams of the boiler
shall be used to attach the angles to the head and to
connect the outstanding legs.

4348. The rivets attaching angles to heads shall be spaced
not over 4 inches apart. The centers of the end rivets shall
not be over 8 inches from the ends of the angle. The rivets
through the outstanding legs shall be spaced not over
8 inches apart; the centers of the end rivets shall be not

S,

more than 4 inches from the ends of the angles. The ends
of the angles shall be considered those of the outstanding
legs and the lengths shall be such that the ends overlap a
circle 3 inches inside the inner surface of the shell as
shown in Fig. 8.

4349. The distance from the center of the angles to the
shell of the boiler, marked A in Fig. &, shall not exceed the
value given in Table 8, but in no case shall the leg attached
to the head on the lower angle come closer than 2 inches
to the top of the tubes.

4350, When segments are beyond the range specified in
Table 8 the heads shall be braced or stayed in accordance
with the requirements in these Rules.

4351. Crown Bars and Girder Stays. (a) Crown bars and
girder stays for tops of combustion chambers and back
connections, or wherever used, shall be proportioned to
conform to the following formula:

b CXd Xt
T (W—p) XD:i XW

where
W —extreme distance between supports, inches
P =maximum allowable working pressure, lbs. per sq. in.
p = pitch of supporting bolts, inches
D, = distance between girders from center to center, inches
d = depth of girder, inches
t = thickness of girder, inches
C=17000 when girder is fitted with one supporting bolt
C==10,000 when the girder is fitted with two or three sup-
porting bolts
C=11,000 when the girder is fitted with four or five sup-
porting bolts
C=11,500 when the girder is fitted with six or seven sup-
porting bolts
C=12,000 when the girder is fitted with eight or more sup-
porting bolts

Example: Given W = 34 inches, p = 7.5 inches, D: = 7.75 inches,
d=17.6 inches, t=2 inches; 8 stays per girder, C=10,000;
then substituting in formula:

— 10,000 X 7.5 X 7.6 X 2 __ -
15 (32 — 7.5) X 7.76 X 84 — 161.1 lbs. per sq. in.
Sling stays, if used between crown bars and boiler shell
or wrapper sheet, shall be proportioned so as to carry the




S L

entire load without considering the strength of the crown
bars. '

(b) In a form of reinforcement for crown sheets where
the top sheet of the firebox is a part of a circle not exceed-
ing 120 degrees in arc, and is braced with arch bars extend-

ing over the top and down below the top row of staybolts

at the sides, these arch bars being riveted to the water
side of the crown sheet through thimbles, the maximum
allowable working pressure should be determined by adding
to the maximum allowable working pressure for a plain
circular furnace of the same thickness, diameter and length
determined by the formula in Order 4360 and 4361, the
pressure P, determined from the following formula, which
is a modification of that in Order 4362a:

b X d&*
Pi= 10,000,000TX‘D—3

provided that the maximum allowable working pressure
must not exceed that determined by the formula for fur-
naces of the Adamson type, in Order 4363 when L is made
equal to D,, and also provided that the diameter of the holes
for the staybolts in the crown bars does not exceed 14b, and
the cross-sectional area of the crown bars is not less than
4 square inches. (Order 4320 would govern the spacing of
the staybolts, rivets or bolts attaching the sheet to the bars,
and Order 4333d the size of the staybolts, rivets or bolts.)

where
b =net width of crown bar, inches
d = depth of crown bar, inches
D, =longitudinal pitch of crown bar, inches
D =2 times radius of crown sheet.

4352. Maximum Allowable Working Pressure on Trun-
cated Cones. (a) Upper combustion chambers of vertical
submerged-tubular boilers made in the shape of a frustum
of a cone when not over 38 inches diameter at the large
end, may be used without stays if computed by the rule for
plain cylindrical furnaces (Orders 4360 and 4361) making
D in the formula equal to the diameter at the large end;
provided that the longitudinal joint conforms to the
requirements of Order 4361.
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(b) When over 38 inches in diameter at the large end,
that portion which is over 80 inches in diameter shall be
fully supported by staybolts or gussets. If supported by
staybolts Order 4333d shall apply. If supported by gussets
the spacing of the rivets attaching the gussets to the cone
sheet shall not exceed the staybolt spacing given in Order
4383d. The top row of staybolts or rivets shall be at a
point where the cone top is 30 inches or less in diameter.

In calculating the pressure permissible on the unstayed
portion of the cone, the vertical distance between the hori-
zontal planes passing through the centers of the rivets at
the cone top, and through the center of the top row of stay-
bolts shall be used as L in Order 4361, and D in that order
shall be the inside diameter at the center of the top row of
staybolts.

4353. Stay Tubes. When stay tubes are used in multi-
tubular boilers to give support to the tube plates, the sec-
tional area of such stay tubes may be determined as follows:

(A—a) P

Total section of stay tubes, sq. in. = TS

where
A=area of that portion of the tube plate containing the
tubes, sq. in.
a — aggregate area of holes in the tube plate, sq. in.
P = maximum allowable working pressure, lbs. per sq. in.
TS = working tensile stress allowed in the tubes (not to ex-
ceed 7000 lbs. per sq. in.).

TABLE 9. VALUES OF C FOR DETERMINING PITCH OF STAY TUBES

‘When tubes have ‘When tubes are
no nuts outside fitted with nuts
of plates outside of plates

Pitch of stay tubes in the bounding rows

Where there arec two plain tubes between two stay

ubes_ _ . __ S S T aa i Sr T e s s A 120 130
‘Where there is one plain tube between two stay

faxtbest ________ SOt e S 140 150
Where every tube in the bounding rows is a stay

tube and each alternate tube hasa nut.. .| ________ 170

4354. The pitch of stay tubes shall conform to the for-
mula in Order 4320, using the values of C as given in
Table 9.

When the ends of tubes are not shielded from the action
of flame or radiant heat, the values of C shall be reduced 20



— 60 —

per cent. The tubes shall project about 14 inch at each end
and be slightly flared. Stay tubes when threaded shall not
be less than % inch thick at bottom of thread; nuts on stay
tubes are not advised. For a nest of tubes C shall be taken
as 140 and p as the mean pitch of stay tubes. For spaces
between nests of tubes p shall be taken as the horizontal
distance from center to center of the bounding rows of tubes
and C as given in Table 9.

Tube Sheets of Combustion Chambers

4355. The maximum allowable working pressure on a
tube sheet of a combustion chamber, where the crown sheet
is not suspended from the shell of the boiler, shall be deter-
mined by the following formula:

e O d) t X 27,000
- W X D

where

P — maximum allowable working pressure, lbs. per sq. in.

D — least horizontal distance between tube centers on a hori-
zontal row, inches.

d = inside diameter of tubes, inches.

t = thickness of tube plate, inches.

W = distance from the tube sheet to opposite combustion
chamber sheet, inches.

Where tubes are staggered the vertical distance between the center
lines of tubes in adjacent rows must be not less than

% VvV 2dD + &

Example: Required the maximum allowable working pressure of a
tube sheet supporting a crown sheet braced by erown bars. Horizontal
distance between centers, 4% inches; inside diameter of tubes, 2.782
inches; thickness of tube sheets, 1% inch; distance from tube sheet to
opposite combustion-chamber sheet, 3414 inches; measured from out-
side of tube plate to outside of back plate; material, steel. Substitut-
ing and solving:

e (4125 — 2.782) X 0.6875 X 27,000
. 34.25 X 4.126

= 176 1bs. per sq. in.

4356. Sling stays may be used in place of girders in all
cases covered in Order 4355, provided, however, that when
such sling stays are used, girders or screw stays of the
same sectional area shall be used for securing the bottom of
the combustion chamber to the boiler shell.
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4357. When girders are dispensed with and the top and
bottom of combustion chambers are secured by sling stays
or braces, the sectional area of such stays shall conform to
the requirements of rules for stays and braced surfaces.

4358. Furnaces of Vertical Boilers. In a vertical firetube
boiler the furnace length, for the purpose of calculating its
strength and spacing stay-bolts over its surface, shall be
measured from the center of rivets in the bottom of the
water-leg to the center of rivets in the flange of the lower
tube sheet.

4359. When the longitudinal joint of the furnace sheet of
a vertical fire-tube boiler is of lap-riveted construction and
staybolted, a staybolt in each circular row shall be located
near the longitudinal joint, as shown in Fig. 9.

Fig. 9. Proper location of stay bolts adjacent to longitudinal joint
in furnace sheet,

4360. Plain Circular Furnaces. The following rules apply
in general to unstayed circular furnaces:

(a) The longitudinal joint may be riveted or lap welded
by the forging process, or the furnace may be
of seamless construction.

(b) The longitudinal joint if riveted, shall have an
efficiency of 50 per cent or greater and in no case

less than
P x D
1250 X T
P — maximum allowable working pressure, 1b.
per sq. in.,

D — outside diameter of furnace, in.,

T — thickness of furnace walls, sixteenths of
an inch.
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(c) The walls shall not be less than % inch thick.

(d) Butt strap seams shall be used only where they
are protected from contact with the fire or flame.

(e) The furnace may be of any length or height.

4361. The following rules apply specifically to unstayed
circular furnaces 12 inches in diameter and over:

Furnaces 12 inches to 18 inches outside diameter,
inclusive.

(a) A riveted longitudinal joint may be of the lap type.

(b) The maximum allowable working pressure for fur-
naces not more than 41% diameters in length or
height shall be determined by formulas (1) and
(2) as follows:

Where the length does not exceed 120 times the thickness
of the plate ‘
51.5
=7 (875 X T) — (L.03 X L) ) oo (1)

Where the length exceeds 120 times the thickness of the
plate

4250 X T2

e e S A (2)
where
P = maximum allowable working pressure, lbs. per
8q. in.

D — outside diameter of furnace, inches.

L — total length of furnace between centers of head
rivet seams (hot length of a section), inches.

T=th_ick}111ess of furnace walls, in sixteenths of an
inch.

(¢) The maximum allowable working pressure for fur-
naces over 414 diameters in length or height
shall be determined in accordance with Order
4362.

Furnaces over 18 inches outside diameter to and includ-
ing 30 inches inside diameter.

(d) A riveted longitudinal joint may be of the lap type.

(e) The maximum allowable working pressure shall
be determined by formulas (1) and (2); if over
6 diameters in length or height, L in the formula
shall be taken as 6 times the diameter.
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Furnaces over 30 inches inside diameter to and including
36 inches inside diameter.

(f) A riveted longitudinal joint may be of the lap type
provided the furnace does not exceed 36 inches
in length or height.

(g) If the length of a horizontal furnace exceeds 36

- inches and the joint is riveted, a butt and single
or double-strap construction shall be used and
shall be located below the grate.

(h) The maximum allowable working pressure shall be
determined by formulas (1) and (2); if over 6
diameters in length L in the formula shall be
taken as 6 times the diameter.

Furnaces over 36 inches inside diameter to and including
38 inches outside diameter.

(i) When riveted the longitudinal joint of a horizontal
furnace shall be butt and single or double-strap
construction and shall be located below the grate.

(j) The maximum allowable working pressure shall be
determined by formulas (1) and (2); if over
6 diameters in length L in the formula shall be
taken as 6 times the diameter.

4362, Circular Flues. The maximum allowable working
pressure for seamless or welded flues more than 5 inches
diameter and up to and including 18 inches diameter shall
be determined by one or the other of the following formulas:

(a) Where the thickness of the wall does not exceed
0.023 times the diameter.
P— 10,000,000 X t3
— D

(b) Where the thickness of the wall is greater than
0.023 times the diameter. '
P— 17,800 X t

D —275

where

1 =maximum allowable working pressure, lbs. per
8q. in.

D — outside diameter of flue, inches.

t—= th_ickness of wall of flue, inches.
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(¢c) The above formulas may be applied to riveted flues
of the sizes specified provided the sections are
not over 8 feet in length and provided the effi-
ciency of the joint is greater than

PXxD
20,000 X t

Example: Given a flue 14 inches in diameter and ¢ inch
thick. The thickness of the wall is less than 0.023 times the
diameter; hence formula (a) should be used. Substituting
the values in this formula:

P— 10,000,000 X +% X 15 X %
v 14 % 14 X 14

4363. Adamson Type. When plain horizontal flues are
made in sections not less than 18 inches in length, and not
less than % inch thick:

(a) They shall be flanged with a radius measured on the
fire side of not less than 3 times the thickness of the plate,
and the flat portion of the flange outside of the radius shall
be at least 8 times the diameter of the rivet holes.

(b) The distance from the edge of the rivet holes to the
edge of the flange shall be not less than the diameter of the
rivet hole, and the diameter of the rivets before driving
shall be at least 14 inch larger than the thickness of the
plate. _

(c) The depth of the Adamson ring between the flanges
shall be not less than 3 times the diameter of the rivet
holes, and the ring shall be substantially riveted to the
flanges. The fire edge of the ring shall terminate at or about
the point of tangency to the curve of the flange, and the
thickness of the ring shall be not less than 14 inch.

The maximum allowable working pressure shall be deter-
mined by the following formula:

= 110 lbs. per sq. in.

57.6
P=—D——((18.75 X T) — (L03 X L))
where
P — maximum allowable working pressure, lbs. per

sq. in.
D — outside diameter of furnace, inches.
L, — length of furnace section, inches.
T — thickness of plate, in sixteenths of an inch.

s Ol

Example: Given a furnace 44 inches in diameter, 48
inches in length, and 14 inch thick. Substituting values in
formula:

— DT0M(18.75 x 8) — (1.08 X 48)]— 131 psi
44 ’ N

4364. The maximum allowable working pressure on cor-
rugated furnaces, such as the Leeds suspension bulb, Mori-
son, Fox, Purves, or Brown, having plain portions at the
ends not exceeding 9 inches in length (except flues especially
provided for) when new and practically circular, shall be
computed as follows:

__CX¢t
Fi= D
where
P — maximum allowable working pressure, lbs. per

sq. in.

t — thickness, inches—not less than +% inch for
Leeds, Morison, Fox, and Brown, and not less
than % inch for Purves and.other furnaces
corrugated by sections not over 18 inches
long.

D — mean diameter, inches.

C = 17,300, a constant for Leeds furnaces, when cor-
rugations are not more than 8 inches from
center to center and not less than 214 inches
deep.

C — 15,600, a constant for Morison furnaces, when
corrugations are not more than 8 inches from
center to center and the radius of the outer
corrugations is not more than one-half that
of the suspension curve.

C — 14,000, a constant for Fox furnaces, when cor-
rugations are not more than 8 inches from
genter to center and not less than 114 inches

eep.

C — 14,000, a constant for Purves furnaces, when rib
projections are not more than 9 inches from
center to center and not less than 134 inches
deep.

C =— 14,000, a constant for Brown furnaces, when
corrugations are not more than 9 inches from
genter to center and not less than 154 inches

eep.
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C=10,000, a constant for furnaces corrugated by
sections not more than 18 inches from center
to center and not less than 214 inches deep,
measured from the least inside to the greatest
outside diameter of the corrugations, and hav-
ing the ends fitted one into the other and sub-
stantially riveted together, provided that the
plain parts at the ends do not exceed 12
inches in length.

In calculating the mean diameter of the Morison furnace,
the least inside diameter plus 2 inches, may be taken as the
mean diameter.

4365. The thickness of a corrugated or ribbed furnace
shall be ascertained by actual measurement by the furnace
manufacturer, by gaging the thickness of the corrugated
portions. If a hole is drilled through the sheet to determine
the thickness it shall be 34 inch. When the furnace is in-
stalled the hole shall be located beneath the bottom of the
grate and closed by a plug. For the Brown and Purves fur-
naces, the holes shall be in the center of the second flat; for
the Morison, Fox and other similar types, in the center of
the top corrugation, at least as far in as the fourth corruga-
tion from the end of the furnaces.

4366. Cast-Iron and Malleable-Iron Headers. The pres-
sure allowed on a water-tube boiler shall not exceed 160
pounds per square inch when the tubes are secured to cast-
iron headers, or 350 pounds per square inch when the tubes
are secured to malleable-iron headers. The form and size of
the internal cross-section perpendicular to the longer axis
of a cast-iron or malleable-iron header at any point shall be
such that it will fall within a 7 inch by 7 inch rectangle.

4367. (a) The cast iron used for the headers of water-
tube boilers shall conform to the Specifications for Gray-
Iron Castings, the header to be arbitrarily classified as a
“medium casting” as to physical properties and tests, and
as a “light casting’ as to chemical properties. The malleable
iron used for headers of water-tube boilers shall conform
to the Specifications for Malleable Castings.

(b) A cast-iron header when tested to destruction, shall
withstand a hydrostatic pressure of at least 1200 pounds
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per square inch and a malleable iron header 2250 pounds
per square inch. A hydrostatic test shall be applied to all
such headers or elements with tubes attached. The test
pressure shall be 500 pounds per square inch when cast iron
headers or elements are used, and 21% times the working
pressure when malleable iron is used, except that the mini-
mum test pressure with malleable-iron headers or elements
shall be 500 pounds per square inch.

4368. Where no rules are given and it is impossible to
calculate with a reasonable degree of accuracy the strength
of a boiler structure or any part thereof, a full-sized sample
shall be built by the manufacturer and tested in a manner
to be prescribed by the Industrial Commission.

Cutting of Plate

4369. Plates may be cut by machining, punching, shear-
ing or cutting by the electric arc or gas process, provided
enough metal is left at any unfinished edges to meet the
requirements of Orders 4370, 4374 and 4378.

Tubes

4370. Tube Holes and Ends. Tube holes shall be drilled
full size from the solid plate, or they may be punched at
least 14 inch smaller in diameter than full size, and then
drilled, reamed or finished full size with a rotating cutter.

The sharp edges of tube holes shall be taken off on both
gides of the plate with a file or other tool.

4371. A fire-tube boiler shall have the ends of the tubes
firmly expanded and beaded, or expanded, beaded and welded
around the edge of the bead. Where the tubes do not exceed
114 inches in diameter, the tube sheet may be chamfered
or recessed to a depth at least equal to the thickness of the
tubes and the tubes expanded into place and welded.

In no case shall the tube end extend more than 34 inch
beyond the tube sheet.

4372. The ends of all tubes, suspension tubes and nipples
shall be expanded and flared not less than 14 inch over the
diameter of the tube hole on all water-tube boilers and
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super-heaters, or they may be flared not less than 1 inch,
rolled and beaded, or flared, rolled and welded. Where pipe
as provided in Order 4273 is used for tubes in water-tube
hoilers, it may be screwed instead of rolled and flared, and
the minimum number of threads shall conform to the values
given in Table 10. The closed ends of stub tubes shall be
welded by the forging or fusion process.

4373, The ends of all tubes, suspension tubes and nipples
of water-tube boilers and superheaters shall project through
the tube sheets or headers not less than 14 inch nor more
than 14 inch before flaring. Where the tubes enter at an
angle, the maximum limit of % inch shall apply only at the
point of least projection.

Riveting

4374, Rivet and Staybolt Holes, All holes in braces, lugs
and sheets for rivets or staybolts shall be drilled full size
with plates, butt straps and heads bolted up in position, or
they may be drilled or punched not to exceed ¥, inch less
than full size for plates over £ inch in thickness and !4 inch
less than full size for plates not exceeding 5 inch in thick-
ness and then drilled or reamed to full size with plates, butt
straps and heads bolted up in position.

ﬂo-‘ —i— rl.lo-‘ *L_ b2
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Such holes shall not be punched in material more than %
inch thick.
The finished holes must be true, clean and concentric.

4375, After drilling or reaming rivet holes the plates and
butt straps of longitudinal joints shall be separated, the
burrs and chips removed, the plates and butt straps re-
assembled metal to metal with barrel ping fitting the holes,
and with tack bolts.

4376, Rivets. Rivets shall be of sufficient length to com-
pletely fill the rivet holes and form heads at least equal in
strength to the hodies of the rivets. Forms of finished rivet
heads that will be acceptable are shown in Fig, 10,

43717, Rivets shall he so driven as to fill the holes prefer-
ably by a machine which maintains the pressure until no
part of the head shows red in daylight. Barrel pins fitting
the holes and tack bolts to hold the plates firmly together
shall be used. A rivet shall be driven each side of each tack
bolt before removing the tack bolt,

Calking

4378, Calking, The calking edges of plates, but straps
and heads shall be beveled to an angle not sharper than 70
degrees to the plane of the plate, and as near thereto as
practicable. Every portion of the unfinished surfaces of the
calking edges of plates, butt straps and heads shall be
planed, milled or chipped to a depth of not less than 4 inch.
Calline <hall be done with a tool of such form that there 18
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LONGITUDINAL :
CENTER LINE OF SHELL
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Fig. 11. Method of Riveting Manhole Frames to Shells or Drums
with Two Rows of Rivets,

4380. A manhole reinforcing ring when used, shall be of
wrought or cast steel, and shall be at least as thick as the
shell plate thickness required by Order 4301.

4381, Manhole frames on shell or drums shall have the
proper curvature, and on boilers over 48 inches in diameter
shall be riveted to the shell or drum with two rows of rivets,
which may be pitched as shown in Fig. 11. The strength of
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Fig. 12. Cross Section of Flanged Manhole Frame.

manhole frames and reinforcing rings shall be at least equal
to the tensile strength (required by Order 4301) of the
maximum amount of the shell plate removed by the opening
and rivet holes for the reinforcement on any line parallel
to the longitudinal axis of the shell through the manhole or
other opening.

i

When 2 flanged manhole frame is used the flanged portion
of the frame may be considered as reinforcement up to a
height (h) of three times the flange thickness (see Fig. 12).

4382. The strength of the rivets in shear on each side of
a frame or ring reinforcing manholes or other openings such
as those cut for steel nozzles and boiler flanges over 3 inch
pipe size, shall be at least equal to the tensile strength (re-
quired by Order 4301) of the maximum amount of the shell
plate removed by the opening and rivet holes for the rein-
forcement on any line parallel to the longitudinal axis of
the shell, through the manhole or other opening.

4383. Manhole plates shall be of wrought or cast steel.

4384, The minimum width of bearing surface, for a
gasket on a manhole opening shall be {} inch. No gasket
for use on a manhole or handhole of any boiler shall have a
thickness greater than 14, inch, when compressed.

4385. All boilers must be provided with suitable manhole
or handhole openings, except special types where they are
manifestly not needed or used. A manhole shall be located
in the front head, below the tubes of a horizontal-return
tubular boiler 54 inches or over in diameter. Smaller boilers
shall have either a manhole or a handhole below the tubes.
There shall be a manhole in the upper part of the shell or
head of a fire-tube boiler 48 inches or over in diameter,
except a vertical fire-tube boiler, or except on internally
fired boilers not over 54 inches in diameter. The manhole
may be placed in the head of the dome. Smaller boilers
shall have either a manhole or a handhole above the tubes.

Washout Openings

4386. A traction, portable or stationary boiler of the loco-
motive type shall have not less than six handholes, or wash-
out plugs, located as follows: One in the rear head below
the tubes; one in the front head at or about the line of the
crown sheet; four in the lower part of the waterleg; also,
where possible, one near the throat sheet.

4387. A vertical fire tube boiler, except boilers 24 inches
or less in diameter, shall have not less than four handholes,
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located as follows: Two in the shell at or about the line of
the crown sheet or lower tube sheet; two in the shell at the
lower part of the waterleg. All vertical tubular boilers 24
inches or less in diameter shall have at least one opening
for inspection and two openings in addition to the bottom
blow off for washing out the boiler. The openings shall be
. at least one inch pipe size and the closing plug or cap shall
be of nonferrous material.

Threaded Openings

4389. Threaded Openings. All pipe threads shall conform
to the American Pipe Thread Standard and all connections
1 inch pipe size or over shall have not less than the number
of threads given in Table 10. For smaller pipe connections
there shall be at least four threads in the opening.

If the thickness of the shell of the boiler is not sufficient
to give such number of threads a construction shall be
employed which will provide at least the required number
of threads.

Note: See Order 4379.

TABLE 10, MINIMUM NUMBER OF PIPE THREADS FOR
CONNECTIONS TO BOILERS

Size of pipe connections,| 1and |134 and| 2% to 414 to 7 and 9 and 12
inches 14 2 4 incl. 6 incl. 8 10
Number of threads per
i e e e (i 11Y4 1114 8 8 8 8 8

Minimum number of
threads required in
openingiiis i cesacs 4 5 7 8 10 12 13

Minimum thickness of
material required to
give above number of
threads, inches_______ 0.348 0.435 0.875 1 1.25 1.5 1.6265

Safety Valves

4390. Each 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
per cent increase while the valve is discharging.

BN, [

4391. The steam generating capacity of a boiler may be
determined by one of the following:

(a) Manufacturer’s rating.

(b) A-13 appendix.

(c) Evaporative test.

(d) On the basis of 6 pounds of steam per hour, per
square foot of water heating surface for water
tube boilers; for other types of boilers, 5 pounds
of steam per hour per square foot of water heat-
ing surface when the maximum allowable work-
ing pressure exceeds 100 pounds per square
inch, and 3 pounds per hour per square foot of
water heating surface for pressures not exceed-
ing 100 pounds per square inch.

Note: Compliance with order 4390 will be required in each case,

4392. 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 3 per cent above the maximum allowable working pres-
sure, but the range of setting of all of the valves on a boiler
shall not exceed 10 per cent of the highest pressure to which
any valve is set.

4393. All safety valves shall be so constructed that no
shocks detrimental to the valve or to the boiler are produced
and so that no failure of any part can obstruct the free and
full discharge of steam from the valve. Safety valves may
be of the direct spring loaded pop type, with seat and bear-
ing surface of the disk inclined at any angle between 45 de-
grees and 90 degrees inclusive, to' the center line of the
spindle. The maximum rated capacity of a safety valve
shall be determined at a pressure of 3 per cent in excess of
that at which the valve is set to blow and with a blow down
of not more than 4 per cent of the set pressure, the blow
down to be in no case less than 2 pounds.

Safety valves may be used which give any opening up to
the full discharge capacity of the area of the opening of the
inlet of the valve (See order 4394b), provided the movement

of the valve is such as not to induce lifting of water in
the boiler.

lzlead-weight or weighted-lever safety valves shall not be
used.

e —
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4394. Each safety valve 14 inch size and larger shall be
plainly marked by the manufacturer in such a way that the
markings will not be obliterated in service. The marking
may be stamped or cast on the casing, or stamped or cast
on a plate or plates securely fastened to the casing, and
shall contain the following markings:

a. The name or identifying trademark of the manu-
facturer.

The pipe size of valve inlet. (Where the valve
inlet is not threaded, the initial diameter of the
inlet shall be not less than the inside diameter of
a standard pipe of the same nominal diameter as
that of the valve.) )

(O, oo LN RO e lbs
The steam pressure at which it is to blow.
8 I 2 DA S e N L R 1bs

Blow down. (Difference between the opening and
closing pressures).

€ Oap e e Sl 1bs. per hr.
The weight of steam discharged in pounds per

hour (at a pressure 3 per cent higher than that

for which the valve is set to blow, and with the
valve adjusted for the blow down given in pre-
ceding item).

4395. The relieving capacity of a safety valve may be
taken as that stamped on the valve by the manufacturer but
an accumulative test, under maximum operation, may be
made to determine whether the safety valve, or valves, are
of sufficient capacity to meet the requirements of Order
4390. -

4397, When two or more safety valves are used on a
boiler, they may be mounted either separately or as twin
valves made by placing individual valves on Y-bases, 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 reliev-
ing capacity of at least 50 per cent of that of the larger
valve. :

Tl

4398. The safety valve or valves shall be connected to the
boiler independent of any other steam connection, and
attached as close as practical to the boiler, without any un-
necessary intervening pipe or fitting. Every safety wvalve
shall be connected so as to stand in an upright position,
with spindle vertical, when possible.

4399, 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 digscharge 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
outlets discharging thereinto, and shall be as short and
straight as possible and so arranged to avoid undue stresses
on the valve or valves. '

All safety-valve discharges shall be so located or piped
as to be carried clear from running boards or platforms.
Ample provision for gravity drain shall be made in the dig-
charge pipe, at or near each safety valve, and where water
of condensation may collect. Each valve shall have an open
gravity drain through the casing below the level of the
valve seat. For iron and steel-bodied wvalves exceeding
2 inch size, the drain holes shall be tapped not less than
34 in. pipe size.

4400. If a muffler is used on a safety valve it shall have
suﬁ.icient outlet area to prevent back pressure from inter-
fering with the proper operation and discharge capacity of
the valve. The muffler plates or other devices shall be so
constructed as to avoid any possibility of restriction of the
steam passage due to deposit.

4402. Safety valves shall operate without chattering and
shall be set and adjusted as follows: To close after blowing
down not more than 4 per cent of the set pressure but not
less than 2 pounds in any case. For spring-loaded pop
safety valves operating on pressures up to and including
300 pounds per square inch the blow down shall not be les:
than 2 per cent of the set pressure. To insure the guar-
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anteed capacity and satisfactory operations, the blow down
as marked upon the valve (Order 4394d) shall not be
reduced.

4403. To insure the safety valve being free, each safety
valve shall have a substantial lifting device by which the
valve disk may be positively lifted from its seat when there
is at least 75 per cent of full working pressure on the boiler.
The lifting device shall be such that it ecannot lock or hold
the valve disk in lifted position when the exterior lifting
force is released.

4404. The seats and disks of safety valves shall be of
suitable material to resist corrosion. The seat of a safety
valve shall be fastened to the body of the valve in such a
way that there is no possibility of the seat lifting.

4405. Springs used in safety valves shall not show a
permanent set exceeding 1 per cent of their free length 10
minutes after being released from a cold compression test
closing the spring solid. The spring shall be so constructed
that the valve can lift from its seat at least one-tenth the
diameter of the seat before the coils are closed or before
there is other interference.

4406, a. The spring in a safety valve in service for pres-
sures up to and including 250 lbs. shall not be used for any
pressure more than 10 per cent above or 10 per cent below
that for which it was designed. For higher pressures the
spring shall not be used for any pressure more than 5 per

cent above or 5 per cent below that for which it was

designed.

b. If the operating conditions of a valve are changed so
as to require a new spring under (a) for a different pres-
sure, the valve shall be adjusted by the manufacturer or
his authorized representative who shall furnish and install
a new name plate as required under Order 4394.

4408. When the valve casing is marked as required by
Order 4394, it shall be the guarantee of the manufacturer
that the valve conforms to the details of construction herein
specified.

4409. Every superheater shall have one or more safety
valves near the outlet. The discharge capacity of the safety
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valve or valves on an attached superheater may be included
in determining the number and size of the safety valves for
the boiler, provided there are no intervening valves between
the superheater safety valve and the boiler, and provided
the discharge capacity of the safety valve or valves on the
boiler, as distinct from the superheater, is at least 76 per
cent of the aggregate valve capacity required.

A soot blower connecticn may be attached to the same
outlet from the superheater that is used for the safety
valve connection.

4410. Every safety valve used on a superheater discharg-
ing superheated steam at a temperature over 450 F. shall
have a casing, including the base, body, bonnet, and spindle,
of steel, steel alloy, or equivalent heat resisting material.
The valve shall have a flanged inlet connection, and shall
have the seat and disk of suitable heat erosive and corrosive
resisting material, and the spring fully exposed outside of
the valve casing so that it shall be protected from contact
with the escaping steam.

4411, a. Every boiler shall have proper outlet connec-
tions for the required safety valve, or valves, independent
of any other outside steam connection, the area of opening
to be at least equal to the aggregate areas of inlet connec-
tions 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 collecting
pipes shall be at least 14 in. in diameter and the least
dimension in any other form of opening for inlet of steam
shall be 1/, in.

b. If safety valves are attached to a separate steam drum
or dome, the opening between the boiler proper and the
steam drum or dome shall be not less than required by (a).

¢. When boilers allowed different pressures are connected
to a common steam main and all safety valves are not set
at the lowest pressure allowed no safety valve shall be set

to exceed by more than fifty per cent the lowest pressure
allowed.
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For conditions exceeding those specified in the above
paragraph the case shall be referred to the Industrial
Commission for decision.

Water and Steam Gages

4412. Each 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 and in all
cases it must be so placed as to give adequate protection to
those parts of a boiler proper subject to the heat of the
products of combustion.

(2) 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 tubes and the top of
the steam space is 13 inches or less the distance
may be reduced to 2 inches.

(b) Locomotive Type Boilers—3 inches above the
highest part of the erown sheet.

(c) Vertical Fire Tube Boilers—not less than one-third
the length of the tube above the lower tube
sheet.

(d) Water Tube Boilers—as specified by the manu-
facturer.

(e) Scotch Marine Type Boilers—38 inches above the
combustion chamber top. Note—For dry back
see (a).

(f) For other types and new designs the location shall

be as fixed by the manufacturer subject to .

approval by the Industrial Commission.

4413. Automatic shut-off valves on water gages, if per-
mitted to be used, shall conform to the requirements given
in A-19 of the Appendix.

4414, When shut-offs are used on the connections to a
water column, they shall be either outside-screw-and-yoke
type gate valves or stop cceks 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.

4415. Each boiler shall have three or more gage cocks,
located within the range of the visible length of the water
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glass, except when such boiler has two water glasses with
independent connections to the boiler and located on the
same horizontal line and not less than 2 ft. apart.

Locomotive boilers not over 36 in. in diameter, or any
firebox or waterleg boiler in which the water heating sur-
face does not exceed 50 sq. feet, need have but two gauge
cocks.

4416. No connections except for damper regulator feed-
water regulator, drains, steam gages, or apparatus of such
form as does not permit the escape of an appreciable
amount of steam or water therefrom, shall be placed on
the pipes connecting a water column to a boiler.

4417. Steam Gages. Each boiler shall have a steam gage
connected to the steam space or to the water column or its
steam connection. The steam gage shall be connected to a
siphon or equivalent device of sufficient capacity to keep
the gage tube filled with water.

A shut off valve or cock shall be placed close to the steam
gage to permit removal for testing while the boiler is in
operation.

4418. The dial of the steam gage shall be graduated to

~ approximately double the pressure at which the safety

valve is set but in no case to less than 114 times this
pressure. '

4419. Each boiler may be provided with a 14, inch pipe
size valved connection for the exclusive purpose of attach-
ing a test gage when the boiler is in service, so that the
accuracy of the boiler steam gage can be ascertained.

4421, All valves and pipe fittings shall be as approved by
the Industrial Commission for the maximum allowable
working pressure and temperature and subject to the
requirements of Order 4264.

The number of bolts in a flange may be increased, pro-
vided they are located on the standard bolt circle.

Note: American Standards is approved for valves and pipe fittings.

4422, The minimum number of threads that a pipe or
fitting shall screw into a tapped hole, shall correspond to the

numerical values given for the number of threads in
Table 10.
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4423, Stop Valves, Each steam-discharge outlet, except
safety wvalve and superheater connections, shall be fitted
with a stop valve located as near the boiler as practicable.

4425. When two stop valves are placed in the steam con-
nection between a boiler and the steam main there shall be
an ample free blow drain between them. The discharge of
this drain valve must be visible to the operator while
manipulating the valve.

4426. When a stop valve is so located that water can
accumulate, ample drains shall be provided.

Each dry pipe or similar apparatus shall, at suitable
places, have two holes drilled into it. These holes shall be
not less than 14 inch diameter each and shall be kept open
so that the condensation can escape.

4427, Steam Mains. Provisions shall be made for the ex-
pansion and contraction of steam mains 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.

4428. FEach superheater shall be equipped with at least
one drain so located as will most effectively provide for the
proper operation of the apparatus.

4429, Blow-off Piping. A surface blow-off shall not exceed
214 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
cither will not disturb the other. A properly designed steel
bushing similar to or equivalent of those shown in Fig. 13
or a flanged connection, shall be used.

4430, 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 minimum size of pipe and fit-
tings shall be 1 inch and the maximum size shall be 214
inches except that for boilers with 100 sq. ft. of water
heating surface or less the minimum size of pipe and fit-
tings may be 34, inch. Straight-run globe valves of the ordi-
nary type or valves of such type that dams or pockets can
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exist for the collection of sediment, shall not be used on
such connections. Return connections of the same size or
larger than the size herein specified may be used, and to
which the blow-off may be connected. In such case, the blow-
off must be so located that the connection may be completely

drained.
Shell Plate -
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Fig. 13. Typical Boiler Bushings and TFlange.
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4431. A bottom blow-off cock shall have the plug held in
place by a guard or gland. The end of the plug shall be
distinectly marked in line with the passage.

4432, The bottom blow off pipe or pipes shall be of
wrought iron or steel and shall be at least extra heavy.

Fittings between the 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

fittings shall be of steel construction and not less than
extra heavy,

RS
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Cast iron pipe and fittings shall not be used in the bottom
blow off pipe between the boiler and the bottom blow off
valve or valves. ‘

4433. (a) On all boilers except those used for traction
and portable purposes, when the maximum allowable work-

ing pressure exceeds 125 pounds per square inch, each bot- .

tom blow-off pipe shall have two 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 independent valves, or a valve and a cock,
may be combined in one body provided the combined fitting
is the equivalent of two 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 bot-
tom 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. '

4434. 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.

4435. An opening in the boiler setting for a blow-off
pipe shall be arranged to provide for free expansion and
contraction.

4436. Feed Piping. The feed water shall be introduced
into a boiler in such a manner that the water will not be
discharged directly against surfaces exposed to gases of
high temperature, or to direct radiation from the fire, or
close to riveted joints of shell or furnace sheets.

In horizontal return tubular boilers the feed pipe may be
connected to the bottom blow off pipe and in vertical tubular
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boilers the feed pipe may be connected to the blow off pipe,
or it may be connected to the water leg.

Where horizontal return tubular boilers are fed through
the front a boiler bushing or its equivalent (see Fig. 13)
gshall be used and the feedwater shall discharge at about
three fifths the length of the boiler from the front head.

4439. The feed vipe shall be provided with a check valve
near the boiler and a valve or cock (see Order 4431) be-
tween the check valve and the boiler, and when two or more
boilers are fed from a common source, there shall also be a
globe valve on the branch to each boiler, between the check
valve and the source of supply. Wherever globe valves are
usled on feed piping, the inlet shall be under the disk of the
valve.

4440. Means shall be provided for feeding a boiler
against the maximum allowable working pressure or the
pressure at which the safety valve is set to blow. Where a
source of feed such as city supply is available at a sufficient
pressure to feed the boiler against a pressure 6 per cent
higher than that at which the safety valve is set to blow
this may be considered one of the means. i

4441. Water Fronts. Each water jacketed boiler furnace
moqth protector, or similar appliance attached to a boiler,”
havmg. valves on the pipes connecting it to the boiler, shall
be equlpped with a spring loaded relief valve, not less than
one inch in diameter and set to blow at a pressure mot

ex?eeding' ten per cent above the pressure allowed on the
boiler.

4442.'Water Column Pipes. The minimum size of 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,

f1443. 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
colutpn shall be fitted with a drain cock or drain valve with
a suitable Fonnection to the ashpit, or other safe point of
waste and if the water connection thereto has a rising bend
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or pocket which cannot be drained by means of the water
column drain, an additional drain shall be placed on this
connection in order that it may be blown off to clear any

sediment from the pipe.

4444. The steam connection to the water column of a
horizontal-return tubular boiler shall be taken from the top
of the shell or the upper part of the head; the water con-
nection 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 eolumn 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.

Setting

4445, Methods of Support. A horizontal-return tubular
boiler over 72 inches in diameter shall be supported from
steel hangers by the outside suspension type of setting, in-
dependent of the boiler side walls. The hangers shall be so
designed that the load is properly distributed between the
rivets attaching them to the shell and so that no more than
two 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 centers of the top rivets
attaching the hangers shall be not less than 12 inches. The
other rivets used shall be spaced evenly between these
points.

4446. A horizontal-return tubular boiler, 14 feet or more
in length, or over 54 inches and up to and including 72
inches in diameter, shall be supported by the outside-
suspension type of setting, as specified in Order 4445, or at
four points by not less than eight steel or cast-iron lugs set
in pairs. A horizontal-return tubular boiler up to and includ-
ing 54 inches in diameter shall be supported by the outside-
suspension type of setting as specified in Order 4445, or by
not less than two steel or cast-iron lugs on each side. The
distance girthwise of the boiler from the centers of the
bottom rivets to the centers of the top rivets attaching the
hangers shall be not less than the square of the shell
diameter divided by 675. If more than four lugs are used
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they shall be set in four pairs, the lugs of each pair to be
spaced not over 2 inches apart and the load to be equalized
between them (see Fig. 14).

Lugs may be strength welded, without restriction along
the entire periphery or contact edges on horizontal return
tubular boilers provided the boiler does not exceed 36 in.
in diameter and 12 feet in length. For larger sizes see note
Order 4307.

-—-‘ '—-—2"Maxumum

Fig. 14. Spacing of Supporting Lugs in P
H. R. T. Boilers. = S B

If the boilgr is supported on structural steel work, the
steel supporting members must be so located or insulated
that heat from the furnace cannot impair their strength.

4447, Lugs or hangers, when used to support a boiler of
any type, shall be properly fitted to the surfaces to which
they are attached. Where it is impracticable to use rivets
studs with not less than 10 threads per inch may be used’
In computing the shearing stresses, the area at the bottorr;
of the thread shall be used. The shearing and crushing
stresses on the rivets or studs used for attaching the lugs

or brackets shall not exceed 8 per cent of th -
in Orders 4267 and 4263. of the strength given

1-‘4448. Wet—bottom stationary boilers shall have a space
of not less thefn 12 inches between the bottom of the boiler
an'(:‘ }1l:he floor line, with access for inspection.
e upper surface of the fire grate of an intern
; ally fired
beiler of the open bottom locomotive, vertical fire tﬁbe or
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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.

4449, 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.

4450. 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 substan-
tial and effective latching or fastening devices or otherwise
so constructed as to prevent them, when closed, from being
blown open by pressure on the furnace side.

Hydrostatic Tests

4451, Hydrostatiec Pressure Tests. After a boiler has been
completed, it shall be subjected to a hydrostatic test of 114
times the maximum allowable working pressure. The pres-
sure shall be under proper control so that in no case shall
the required test pressure be exceeded by more than 6 per
cent.

4452. During a hydrostatic test, the safety wvalve or
valves shall be removed or each valve disk shall be held to
its seat by means of a testing clamp and not by screwing
down the compression screw upon the spring.

Stamping

4453. Stamping of Boilers. (a) In laying out shell plates,
furnace sheets and heads in the boiler shop, care shall be
taken to leave at least one of the stamps, required by Order
4253 so located as to be plainly visible when the boiler is
completed; except that the tube sheets of a vertical fire-
tube boiler and butt straps shall have at least a portion of
such stamps visible sufficient for identification when the
boiler is completed.

(b) It is permissible to transfer, if necessary, but with-
out imitation, the markings on the plate, see Order 4253,
under authority of an authorized inspector in charge; said
inspector to make a record on the data sheet.
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4454. BEach boiler shall conform in every detail to these
Orders, and shall be distinctly stamped, denoting that the
boiler was constructed in accordance therewith.

When boilers are to be constructed to conform with the
Wisconsin State Boiler Code, a certified boiler inspector is
to be notified that an inspection is to be made and he shall
inspect such boilers. Boilers not exceeding 200 square feet
of water heating surface shall be hydrostatically tested and
inspected after completion. Larger boilers shall have at
least two inspections, one before reaming rivet holes and
one at the hydrostatic test. In stamping the boiler after
completion, if built in compliance with the Code, the builder
shall stamp the boiler in the presence of the inspector, after
the hydrostatic test. A data sheet shall be filled out and
signed by the manufacturer and the inspector and mailed
by the manufacturer to the Industrial Commission, Madi-
son, Wis. This data sheet together with the stamp on the
boiler shall denote that it was constructed in accordance
with the Wisconsin State Boiler Code.

In cases where boilers cannot be completed and hydro-
statically tested before shipment, the proper stampings
shall be applied at the shop and two data sheets signed as
herein provided by the same or different inspectors covering
the portions of the inspections made at the shop and in the
field, shall each be separately sent to the proper destination.

Each boiler shall be stamped as shown in Fig. 15, with
the following items with intervals of about one-half inch
between the lines:

1. Wis. Std. No.
2. Name of Manufacturer.
3. Maximum allowable working pressure when built.

WIS. STD. NO.

(Max. Allow. Working Pressure when Built)

Fig. 15. Form of Stamping.
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The height of the letters and figures used in stamping
shall be not less than five-sixteenths of an inch.

Boilers built and stamped in accordance with the require-
ments in the Boiler Codes of the American Society of
Mechanical Engineers and stamped National Board are
acceptable for use in Wisconsin in which case Wisconsin
stamping may be dispensed with.

4455, Location of Stamps. The location of stamps shall
be as follows:

(a) On horizontal return tubular or flue boilers—on the
front head, above the central row of tubes or flues.

(b) On traction, portable or stationary boilers of the
locomotive type or Star water tube boilers—on the furnace
end above the handhole. Or on traction boilers of the lcco-
motive type—on the left wrapper sheet forward of the
driving wheel.

(¢) On vertical firetube boilers—on the shell above the
fire door—and handhole opening.

(d) On water tube boilers—on a head of the steam outlet
drum near and above the manhole opening.

(e) On Scotch marine boilers—on the front head, above
the center or right hand furnace.

(f) On economic boilers—on the front head above the
center row of tubes.

(g) On any of the above types where there is not suffi-
cient space in the place designated, and for other types and
new designs—in a conspicuous place.

(h) On superheaters—on superheater header near the
outlet.

(i) On economizers—at a handy location on water header
or drums.

(j) On waterwalls—on one end of a lower header.

4456. The boiler builder’s stamps shall not be covered by
insulating or other material. '

PART 1V

ORDERS APPLICABLE TO MINIATURE BOILERS
BUILT AND INSTALLED ON OR AFTER
MARCH 1, 1944

4470. (1) Definition. Boilers to which the classification
“Miniature” applies, embrace fired pressure vessels which
do not exceed the following limits:

16 inches inside diameter of shell.

42 inches length of shell.
20 square feet water heating surface.
100 pounds per square inch maximum allowable work-
ing pressure,

Where any one of the above limits is exceeded the orders
for Power Boilers shall apply.

(2) Specifications are given in Part III of the Code, for
the important materials used in the eonstruction of boilers,
and the material for miniature boilers, for which specifica-
ti'ons exist, shall conform thereto, except that steel pipe for
sizes over 3 inches in diameter shall be of open hearth steel.
Owing- to the small size of the parts of miniature boilers,
stamping as required by Order 4253 need not be visible
a:fter completing the boiler, provided the manufacturer cer-
tifies on the data slip accompanying the boiler that the
material is in accordance with the requirements of the
Orders for Miniature Boilers. Provisions shall be made by
the manufacturer whereby he shall be able to supply com-
plete information regarding the material and details of

gol(llstruction of any boiler built under the Miniature Boiler
ode.

‘(3) Steel plate when used for any part of a miniature
boiler where under pressure, shall be of the firebox or flange
g’rades, but in no case shall steel of less than 4, inch -thick-
ness be used for riveted shells or less than % inch thickness
for seamless shells. The heads, if used as tube sheets with
tubes rolled in, shall be at least % inch thick.




—90 —

(4) The construction of miniature boilers, except where
otherwise specified, shall conform to that required for
power boilers. The factor of safety and method of comput-
ing the maximum allowable working pressure shall be the
same as for power boilers.

Flat surfaces exposed to pressure shall be stayed in
accordance with orders in part III of the code.

(5) Heads or parts of miniature boilers, not including
shell plates, when not exposed to the direct action of the
fire may be made of cast iron or malleable iron provided it
complies with the requirements in Order 4261 of the Boiler
Code for the headers of water-tube boilers.

(6) Steam generator elements of mot over 600 cubic
inches in volume may be made of cast copper or bronze hav-
ing a copper content of not less than 90 per cent and wall
thickness of not less than 14 inch. Such generators shall be
equipped with at least one brass wash-out plug of not less
than 14 inch iron pipe size and shall be tested to a hydro-
static pressure of 600 pounds per square inch.

(7) Circumferential riveted joints, where used, shall con-
form to the requirements in Order 4305 of the Code. Fusion
welding may be used for joints in miniature boilers where
the strain is carried by other construction which conforms
to the requirements of this Code and where the safety of
the structure is not dependent upon the strength of the
weld.

(8) Tubes may be made of wrought iron, steel, drawn
copper or drawn brass. Fire tubes shall have both ends
substantially expanded into the tube sheet and beaded or
expanded and welded. The gage of tubes shall not be less
than that specified for water-tube -boilers and fire-tube
boilers as specified in Orders 4273 and 4274 of this Code.

(9) All rivet holes shall be drilled full size or they may
be punched not to exceed 14 inch less than full diameter and
then drilled or reamed to full diameter.

(10) The calking edges of plates, butt straps and heads
shall be beveled to an angle not sharper than 70 degrees to
the plane of the plate, and as near thereto as practicable.
Every portion of the sheared surfaces of the calking edges
shall be planed, milled or chipped to a depth of not less than
14 inch. Calking shall be so done that there is no danger of
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scoring or damaging the plate underneath the calking edge,
or splitting the edge of the sheet.

(11) Every miniature boiler shall be fitted with not less
than three brass washout plugs of 1 in. pipe size, which
shall be screwed into openings in the shell near the bottom.
Boilers not exceeding 12 in. internal diameter and having
less than 10 sq. ft. of water heating surface, need have not
more than two 1 in. openings for clean outs, one of which
may be used for the attachment of the bottom blow off
valve; these openings shall be opposite to each other where
possible. i

In miniature boilers of the closed system type heated by
removable internal electric heating elements, the openings
for these elements when suitable for cleaning purposes may
be substituted for washout plugs. All threaded openings in

- the boiler shall be provided with a riveted or welded re-

inforcement, if necessary, to give four full threads therein.

(12) Every miniature boiler shall be provided with at
least one feed pump or other feeding device, except where

it is connected to a water main carrying sufficient pressure
to feed the boiler.

(18) Each miniature boiler shall be fitted with feed water
and. blow-off connections, which shall not be less than
14 inch pipe size. The feed pipe shall be provided with a
check valve and a stop valve. The feed water may be deliv-
ered to the boiler through the blow-off connecticn, if desired.
The blqw—oﬂ" shall be fitted with a valve or cock in direct
connection with the lowest water space practicable.

All valves, pipe fittings, and appliances connected to a
miniature boiler shall be equal at least to the requirements
of the American Standards for 125 1bs. per sq. in.

(14) Each miniature boiler for operation with a definite
water l.e\.rel shall be equipped with a glass water gage for
determining the water level. The lowest, permissible water
level shall be at a point one-third of the height of the shell
except. Wwhere the boiler is equipped with internal furnace’
when it shall be no less than one-third of the length of the’
tubes above the top of the furnace.

In the case of small steam generating units operated on
the closed system where there is insufficient space for the
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usual glass water gage, water level indicators of the glass
bull’s-eye type may be used.

(15) Each miniature boiler shall be equipped with a
steam gage having dial graduated to not less than one and
one-half times the maximum allowable working pressure.
The gage shall be connected to the steam space or to the
steam connection to the water column, by a siphon tube or
equivalent device that will keep the gage tube filled with
water.

(16) Each miniature boiler shall be equipped with a
spring-loaded pop safety valve, not less than 14 inch in
diameter, connected direct to the boiler, independent of any
other connection. The safety valve shall be plainly marked
by the manufacturer with a name or an identifying trade-
mark, the nominal diameter and the steam pressure at

which it is set to blow. The minimum relieving capacity

shall be determined on the basis of 8 pounds of steam per
hour per square foot of water heating surface.

Safety valves shall be checked by an accumulation test
and the rise in pressure shall not exceed six per cent of the
maximum allowable working pressure while the test is in
progress. Each safety valve shall have a lifting lever.

(19) Al boilers referred to in this section shall be plainly
stamped with the manufacturer’s name or initials, maxi-
mum allowable working pressure and a serial number. Shop
inspection is not required for miniature boilers.

Qerial Now coe e o comrmmrnn e

(Name of Manufacturer)

A data sheet shall be filled out for each boiler, signed by
the manufacturer, and forwarded to the Industrial Commis-
sion, Madison, Wisconsin. The data sheet shall include the

most important items.
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Boilers built and stamped in accordance with require-
ments contained in the A. S. M. E. Boiler Code are accept-
able for use in Wisconsin.

MANUFACTURERS’ DATA REPORT FOR MINIATURE
BOILERS
B Rt B . e e

(Name and address of the manufacturer)

P Vianutactured for i
(Name and address of the purchaser)

3. Type —_-_ Boiler No. (-____ ) S (. ) R Yr. built

(Manufrs.) (State and)
(Serial No.) (State No.)

Length of

4. Shell or Drums_____ Drums_____ overall _____ ft in
(Inside of outside course) 0 UTTTTT ’

Material for Shell, Straps
5. Heads and Furnace Sheets made by __________________

(If mor‘e) than one malke, give names of manufac-
turers in same order as parts referred to)

Hags material used in boiler been checked with mill test
BepCapse—. .

Diameter of:

6. Built for maximum allowable working pressure______ 1b.
7. Hydrostatic pressure applied

8. Openings: No.__Size__in., No.__Size__in., No.__Size__in.
(Main Steam Connections) (Safety Valve) (Blow-off)

Note: The mill test reports of t i
ests of material i iler ar
BAffE et By (o muniaehrer aseil bl Sate B3NS Moo Sotler
‘ r Boilers. Thi i
plied by the manufacturer at the request of the o]ufae(;'att)% gxleuB%eilng-

(Signature)




PART V

ORDERS APPLICABLE TO HEATING BOILERS BUILT
AND INSTALLED ON OR AFTER MARCH 1, 1944

These orders do not apply to economizers, feed water
heaters, ordinary range water backs, range boiler and gas
water heaters for the production of domestic hot-water
supply.

Steel-Plate Boilers

4475. (1) These orders for steel-plate boilers shall apply:

(a) To all steam boilers for operation at pressures not
exceeding 15 1bs. per sq. inch.

(b) To hot-water boilers not exceeding 160 lbs. work-
ing pressure, or temperatures not exceeding 250
degrees Fahrenheit.

(¢) For conditions exceeding those specified above, the
orders for construction and setting of power
boilers shall apply.

(2) Whenever the term maximum allowable working
pressure is used herein, it refers to gage pressure or the
pressure above the atmosphere in pounds per square inch.

(3) The maximum allowable working pressure shall not
exceed 15 pounds per square inch on a steel-plate boiler
built under these orders to be used for low-pressure steam
heating.

The maximum allowable working temperature at or near
the outlet of a hot-water steel-plate boiler shall not exceed
250 degrees Fahrenheit or the maximum allowable working
pressure 160 pounds per square inch.

(4) The maximum allowable working pressure on the
shell or drum of steel plate steam heating and hot-water
boilers shall be determined by the strength of the weakest
course, computed from the thickness of the plate, the tensile
strength stamped thereon, as provided for in Order 4253,
the efficiency of the longitudinal joint, or of the ligament
between the tube holes in shell or drum (which ever is the

QR =t

Jeast), the inside diameter of the course, and the factor of
safety, but in no case shall the pressure on which the factor
of safety is based be considered less than 30 pounds.

TSXtXE
R TS — maximum allowable working pressure, 1bs. per sq. in.

where
TS =ultimate tensile strength stamped on shell plates, as
provided for in the Orders for Power Boilers on
marking, 1bs. per sq. in.
t=minimum thickness of shell plates in weakest course,
inches.
I = efficiency of longitudinal joint or of ligaments between
the tube holes (whichever ig the least).
R = inside radius of the weakest course of the shell or
drum, inches.
'S = factor of safety, or the ratio of the ultimate strength
of the material to the allowable stress.

For new constructions, F'S in the above formula = b.

Materials

4476. (1) Specifications are given in the Orders for Power
Boilers for the important materials used in the construc-
tion of boilers, and where so given the materials herein
mentioned for boiler parts required to resist internal pres-
sure shall conform thereto except as specified herein for
fusion welded boilers.

(2) Steel plates for any part of a boiler where under
pressure, also manhole and handhole covers and other parts
subjected to pressure, and braces and lugs when made of
steel plate, shall be of firebox or flange quality as designated
in the Specifications for Boiler-Plate Steel.

(8) Braces when made of parts welded together shall be
of wrought iron of the quality designated in the Specifica-
tions for the staybolt wrought iron.

Ultimate Strength of Material

4477, (1) Tensile Strength of Steel Plate. In determin-
ing the maximum allowable working pressure, the tensile
strength used in the computations for steel plates shall be
that stamped on the plates as herein provided, which is the
minimum specified.
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(2) Crushing Strength of Steel Plate. The resistance to
crushing of steel plate shall be taken at 95,000 pounds per
square inch of cross-sectional area.

(3) Strength of Rivets in Shear. In computing the ulti-
mate strength of rivets in shear, the following values in
pounds per square inch of the cross-sectional area of the
rivet shank shall be used:

Iron rivets in single shear __ oo ——— 38,000
Iron rivets in double shear ——__ 76,000
Steel rivets in single shear _ 44,000
Steel rivets in double shear et BRCT L 88,000

The cross-sectional area used in the computations shall be
that of the rivet shank after driving.

Minimum Thickness of Plates and Tubes

4478. (1) The minimum thickness of any boiler plate
under pressure shall be 14 inch.

(2) The minimum thickness of shell plates, heads and
tube sheets for various shell diameters of steel-plate heat-
ing boilers shall be as shown in Table 12.

TABLE 12. MINIMUM ALLOWABLE THICKNESS OF SHELL PLATES

Minimum Thickness
Allowable Under
Orders
Diameter of Shell, Tube Sheet or Head

Tube Sheet

Shell, or Head,
inches inches
42 inches or Under_ - o -ccccccccmmmmmee—m—mme—mam————emmoe 1 s
Over 42 inches to 60 inches_ e P 94
Over 60 inches to 78 inches . o oo e 4% 52
Over T8 Inches: oo cocmcraccccccmmam—m—e = mmmmmo— S Se——a e %

TABLE 13. MINIMUM THICKNESS OF BUTT STRAPS

Thickness of Shell Plates, Minimum Thickness of Butt
inches Straps, inches

PR R R = O
AR S CE S NN

oy

(8) The minimum thickness of butt straps for double-
strap joints shall be as given in Table 13. For plate thick-
ness exceeding 84 inch, the thickness of butt straps shall be
not less than two-thirds of the thickness of the plate.

(4) The minimum thickness of tubes used in water-tube
or fire-tube boilers measured by Birmingham wire gage,
shall be as given in Table 14.

TABLE 14. TUBES FOR WATER-TUBE AND FIRE-TUBE BOILERS
Minimum Thickness of Tubes

Diameters 1 inch or over but less than 2 inches______ No. 13 B.W.G.
Diameters 2% inches or over but less than 334 inches____No. 12 B.W.G.
Diameters 374 inches or over but less than 4 inches______ No. 11 B.W.G
Diameters 4 inches or over but less than 5 inches______ No. 10 B.W.G
Diameters 5 Ielel —caecam e as 2 _No. 9 BW.G

(5) The minimum thickness of tubes, if of copper, either
straight, bent, or coiled, for use in water-tube or fire-tube
boilers, shall be as follows:

In water boilers where working pressures of over 30 lbs.
and not to exceed 160 lbs. per sq. in. may be used:

D
t—_36+ 0.03

Where t = thickness of tube wall in inches, and D = out-
side diameter of tube in inches. :

For steam boilers to be used at pressures not exceeding
15 1b. per sq. in., and water boilers where the maximum
allowable working pressure does not exceed 30 lbs. per
sq. in.:

D
t= E"‘ 0.03

In no case shall a tube thinner than No. 16 gage (B.W.G.)
be used.

Joints

4479. (1) Efficiency of a Joint, The efficiency of a joint
is the ratio which the strength of the joint bears to the
strength of the solid plate. (See Appendix)

(2) Riveted Boiler Joints. Longitudinal lap-riveted joints
will be allowed on all boilers. (Welded boiler joints—See
Order 4486). If the boiler is to be operated at a working
pressure above 30 pounds, the rivets must be driven in holes
drilled full size or in holes punched not to exceed 14 inch
less than full diameter and then drilled or reamed to full
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diameter; also, every portion of the sheared surfaces of the
calking edges of plates, butt straps and heads shall be
planed, milled or chipped to depth of not less than 14 inch.
.(5) The longitudinal joints of horizontal-return tubular
boilers shall be located above the fire line of the setting.
! .(6) The ends of shell plates forming the longitudinal
Joints in either fusion welded boilers or riveted boilers and
butt straps, shall be formed by pressure, not blows, to the
Proper curvature.

Braced and Stayed Surfaces

4f180. (1) The maximum allowable working pressure for
various ’ghicknesses of braced and stayed flat plates and
th.ose which by these orders require staying as flat surfaces
with braces or staybolts of uniform diameter symmetrically
spaced, shall be calculated by the formula,:

2
P=Cxu
where i
P =maximum calculated allowable working pressure, lbs. per

8q. in.
(not less than 30 1bs.)

T = thickness of plate in sixteenths of an inch.

P =maximum pitch measured between straight lines passing
through the centers of the staybolts in the different
rows, which lines may be horizontal, vertical or in-
clined, inches.

C=112 for stays screwed through plates not over s inch
thick with ends riveted over or for stays welded into
such plates.

C=120 for stays serewed through plates over % inch thick
with ends riveted over or for stays welded into such
plates.

C =135 for stays screwed through plates and fitted with single
nuts outside of plate, or for stays welded into such
plates, provided they are supported at intervals not
exceeding 6 feet.

C=150 for stays with heads not less than 1.8 times the
diameter of the stays, serewed through plates or made
a taper fit and having the heads formed on the stays
before installing them and not riveted over, said heads
being made to have a true bearing on the plate.

C=175 for stays fitted with inside and outside nuts and out-
side washers where the diameter of washers is not less
than 0.4p and thickness not less than T.

— G

If a flat boiler plate not less than 34 inch thick is
strengthened with a doubling plate covering the full area of
the stayed surface and securely riveted thereto and having
a thickness of not less than 24 T, then the value of T in the
formula shall be three-quarters of the combined thickness
of the boiler plate and doubling plate but not more than one
and one-half times the thickness of the boiler plate, and the
value of C given above may also be increased 15 per cent.

When two sheets are connected by stays and but one of
these sheets requires staying, the value of C is governed by
the thickness of the sheet requiring staying.

Acceptable proportions for the ends of through stays
with washers are indicated in Fig. 8 order 4320.

(2) Stays. The ends of stays fitted with nuts shall not
be exposed to the direct radiant heat of the fire.

(3) The diameter of a screw stay shall be taken ai the
bottom of the thread, provided this is the least diameter.
No screwed stay, or stay welded in by the fusion process,
shall be made of stock less than 34, inch diameter.

(4) Area of Heads to be Stayed. The area of a segment
of a flanged head to be stayed shall be the area enclosed by
lines drawn 2 inches from the tubes and 3 inches from the
shell.

TABLE 15. MAXIMUM ALLOWABLE STRESSES FOR STAYS
AND STAYBOLTS

Stresses, 1bs. per sq. in.

For lengths For lengths
Description of Stays between between

supports supports
not exceed- exceed-

ing 120 ing 120
diameters diameters

a Unwelded or flexible stays less than 20 diameters lon: X
screwed through plates with ends riveted over, or suc
stays welded in by the fusion process_________________ TABN0:.  Jesgugteommos

b Hollow steel stays less than 20 diameters long, screwed
through plates with ends riveted over, or such stays

welded in by the fusion process_______._______________ 000 © |osmimedae e =
¢ Unwelded stays and unwelded portions of welded stays,

except as specifiedinlinesaand b____________________ 9, 500 8, E0O
d  Steel through stays exceeding 114 inches diameter___. __ 10, 400 9, 000
&, “Welded portiong of stbeyBs i o cvusvecoson smmre —mue 6, 000 6, (00

(5) When the portion of the head below the tubes in a
horizontal-return tubular boiler is provided with a manhole
opening, the flange of which is formed from the solid plate
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and turned inward to a depth of not less than three times
the required thickness of the head, measured from the out-
side, the area to be stayed as indicated in Fig. 6 order 4335
may be reduced by 100 square inches.

(6) The maximum allowable stress per square inch at
point of least net cross-sectional area of stays and staybolts
shall be as given in Table 15. In determining the net cross-
sectional area of drilled or hollow staybolts, the cross-
sectional area of the hole shall be deducted.

Boiler Openings

4481, (1) All boilers shall be provided with suitable man-
hole openings and handhole or washout-plug openings to
permit inspection and permit removal of any sediment which
may accumulate. Where the size of construction is such
that entrance is impractical, manhole openings may be
omitted.

(2) A manhole shall be placed in the front head below
the tubes of a horizontal-return tubular boiler 60 inches or
over in diameter. There shall be a manhole in the upper
part of shell or head of a fire-tube boiler over 60 inches in
diameter, except a vertical fire-tube boiler, or except a boiler
used exclusively for hot-water heating where there is no
steam space.-

A boiler of the locomotive or firebox type shall have one
hand-hole or washout plug near each corner in the lower
part of the water leg and at least one opening near the line
of the crown sheet.

Vertical fire-tube or similar-type boilers shall have at
least three handholes or washout plugs in the lower part of
the water leg and at least two handholes or washout plugs
near the line of the lower tube sheet.

(3) Washout plugs shall have threads of non-ferrous
materials and shall not be less than 114 inches pipe size.

Washout openings may be used for return pipe connec-
tions and the washout plug placed in a tee so that the plug
is directly opposite and as close as possible to the opening
in the boiler.
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(4) Threaded Openings. All threaded openings in a boiler
shall be tapped into material having a minimum thickness
as specified for the various standard pipe sizes in Table 16.

TABLE 16, MINIMUM THICKNESS OF MATERIAL FOR TAPPINGS

Minimum Thickness of Material
Pipe Size, Inches or Length of Thread Required,
inches
b AR IO e e o e Vg
1 20 Mo lUaIVe: o el et s s S e e
B e . A
3 to 834 inclusive._ = 1/3
4 to 5inclusive.._ ' %
6 to Blnduslve .. scocioccsnmisrsremaranuaesaas 1
9.  tolZidnehilives s el cr e S TR h e A E 14

(5) Flanged Connections. Openings in boilers having
flanged connections shall have the flanges conform to the
American Standard for the corresponding pipe size, and
shall have the corresponding drilling for bolts or studs.
Outlet nozzles and flanges if of steel construction may be
riveted or welded to the shell, but if of cast iron construc-
tion must be riveted thereto.

Supports

4482, (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
boiler side walls. The hangers shall be so designed that the
load is properly distributed between the rivets attaching
them to the shell and so that no more than two 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 rivets
used shall be spaced evenly between these points. If more
than four hangers are used they shall be set in four 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 four points
by not less than eight steel or cast-iron brackets, set in
pairs. A horizontal-return-tubular boiler up to and includ-
ing 54 inches in diameter shall be supported by the outside
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suspension type of setting, or by not less than two steel or
cast-iron brackets on each side.

(3) Lugs or hangers, when used to support a boiler of
any type shall be properly fitted to the surfaces to which
they are attached. The shearing and crushing stresses on
the rivets used for attaching the lugs or hangers shall not
exceed 8 per cent of the strength given in Order 4477.
Where it is impractical to use rivets, studs with not less
than ten threads per inch may be used. In computing the
shearing stress, the area at the bottom of the thread shall

be used. : . &

Lugs on hangers may be strength welded, without re-
striction, along the entire periphery or contact edges on
horizontal return tubular boilers provided the boiler does
not exceed 36 inches in diameter and 12 feet in length. For
larger sizes see note, Order 4307.

Setting and Installation

4483. (1) Wet-bottom steel-plate 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.

(2) The minimum size of access door used in boiler set-
ting shall be 12 inches by 16 inches or equivalent area, the
least dimensions being 11 inches. :

(3) Provisions shall be made for the expansion and con-
traction of steam mains connected to boilers, by providing
substantial anchorage at suitable points, so that there shall
be no undue strain transmitted to the boiler.

(4) Means must be provided for feeding a boiler against
the maximum pressure allowed on a boiler. The feed pipe
shall be provided with a check valve near the boiler and 2
stop valve or cock between the check valve and the boiler.,

Feed or make up water shall not be discharged directly
into any part of a boiler exposed to the direct radiant heat
from the fire.

A heater for oil or other liquid harmful to boiler opera-
tion shall not be installed directly in the steam or water
space within a boiler. Where an external type heater for
such service is used, positive means must be provided to
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prevent the introduction into the boiler of oil or other liquid
harmful to boiler operation.

(5) All hot-water heating systems shall be so installed
that there will be no opportunity for the fluid-relief column
to freeze or to be accidentally shut off.

(6) It is recommended that no valves he placed in the
supply and return mains of single boiler installations.

(7) Valves on Heating Boilers. When a stop valve is used

“on the steam discharge outlet of a heating boiler (Gravity

Return System) a check valve and a stop valve between the
check valve and boiler shall be placed on the return pipe.
When there are two connecting boilers one check valve may
be placed on the main return pipe and a stop valve on the
branch return pipe to each boiler.

The equalizing loop as shown in Fig. 16 may be used in
the return pipe in place of check valves.

(8) When a valve is placed in the top connection from a
hot-water supply boiler to a storage tank, an additional con-
nection without valve shall be made between the boiler and
top of storage tank.

Fittings and Appliances

4484. (1) Connections for Safety and Water-Relief Valves.
Every boiler shall have proper outlet connections for the
required safety or water-relief valves, independent of any
other connection outside of the boiler. A steam equalizing
pipe between boilers is not to be considered as a connection
outside of the boiler in applying the requirements of this
paragraph. The area of the opening is to be at least equal
to the aggregate area based on the nominal diameters of
all of the safety valves with which it connects. A screwed
connection may be used for attaching a safety valve.

(2) Safety Valves. Each steam boiler shall be provided
with one or more safety valves of the spring pop type
adjusted to discharge at a pressure not to exceed 15 pounds
per square inch. No safety valve for a steam boiler shall be
smaller than 34 inch except in case the boiler and radiating
surfaces are self-contained. No safety valve shall be larger
than 414 inches,
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(8) Water-Relief Valves. Each hot water heating or hot
water supply boiler shall have one or more relief valves
of the spring loaded type, without disk guides on the pres-
sure 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.

Each relief valve shall have a substantial lifting device
which will lift the disk from its seat at least 1 inch when
there is no pressure on the boiler.

The seats and disks shall be of material suitable to resist
corrosion. No materials liable to fail due to deterioration

The size should 1of be

pe

These sfears connectrons should be as short as praciicable,

forming a part of the twin valve or a steam equalizing pipe
! between boilers. A safety valve or water-relief shall not be

Thesepipas to be of any size considered proper for Feeding boilers, ﬂﬂd&

o | 0
{ "S\\“Q\IN‘ > . . .
] M P v @ or vuleanization when subjected to any temperature not
3| N 5 2 § 3 exceeding 250 F., shall be used for any part.
Q § ¥ § § v A No relief shall be smaller than %4 inch nor larger than
[ § v 3 § g | 2 inches standard pipe size. The inlet opening shall have
9 8 'y § 3 QR an inside diameter approximately equal to, or greater than,
3 E E‘ S : 5 the seat diameter. ,
: § % E § § S 2 (4) When two or more safety or water-relief valves are
I8 E &S R 2 used on a boiler, they may be single, twin, or duplex valves.
$ N s [N ~ O .

g s§ 5 § u'? { 8 (5) Safety or water-relief valves shall be attached
SRR : 5 directly or as close as possible to the boiler without any
3 g §3 s Y S‘ unnecessary intervening pipe or fitting except the Y-base
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o) connected to an internal pipe in the boiler. Safety valves or
i water-relief valves shall be connected so as to stand upright
i ok with the spindle vertical when possible,
(6) No shut off of any description shall be placed between
T the safety or water-relief valve and the boiler, nor on dis-
g, charge pipes bet h val d the atmosph.
4 x ge pipes between such valves an e atmosphere.
g g u (7) When a discharge pipe is used its area shall be not
‘ 1 @Q\ less than the area of the valve or aggregate area based on
| V'S 1 : the nominal diameters of the valves with which it connects,

and the discharge pipe shall be fitted with an open drain to
prevent water from lodging in the upper part of the valve
or in the pipe. When an elbow is placed on a safety or
water-relief valve discharge pipe, it shall be located close to
the valve outlet or the pipe shall be securely anchored and
supported. The safety or water-relief valves shall be so

located and piped that there will be no danger of scalding
attendants.

S7rorVarLves
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(8) Each safety valve, 34 inch or over, used on a §team—
heating boiler, shall have a substantial lifting dev1ce. by
which the valve may be raised from its seat at least {5 inch
when there is no pressure on the boiler..

(10) Each safety valve or water-relief valve shall be
plainly marked by the manufacturer in such a way that ’.che
markings will not be obliterated in service, by stamping
or casting on the casing or body of the valve, or by' stamp-
ing or casting on a plate securely fastened to the casing, the
manufacturer’s name or trademark, and the pressure at
which it is set to blow. The seats and disks of safety.or
water-relief valves ghall be made of non-corrosive matelzlal.

(11) The diameter of seat shall determine f:he nominal
diameter of safety or water-relief valve as given in Tables 17
or 18. The pipe thread at the inlet shall not be less than the
nominal valve size. :

(12) The minimum size of safety or water-relief valve or
valves for each boiler ghall be governed by the amoupt' of
the grate area as given in Tables 17 or 18. In determining
the minimum gize of safety or water relief valves for double
grate down draft boilers, the effective grate area shall be
taken as the area of the upper grate plus one-eighth of the
area of the lower grate. '

.The safety-valve capacity for each steam boiler shall be
such that the safety valve or valves will discharge all ?he
steam that can be generated by the boiler without allgwmg
the pressure to rise more than 5 poun_ds above the maximum
allowable working pressure of the boiler and 3 pounds above
the maximum allowable working pressure of a hot water
boiler. ¢ .

When the size of boiler exceeds the valves given in
Tables 17 or 18, safety valves or water-rel_ief valves Whpse
combined capacities equal the rated capacity of the boiler
shall be selected from the tables.

(13) 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 t}}e hf)t-water tank,
and a water-relief valve of at least 1 inch in d;ar.r)eter, set to
relieve at or below the maximum allowable working pressure
of the tank, shall be used.
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TABLE 17, MINIMUM ALLOWABLE SIZES OF SAFETY VALVES
FOR STEAM HEATING BOILERS

Safety Valve
Area of
Discharge Grate,
Diameter, Area Capacity Sq. Ft.
Inches Sq. In. Lbs. per Hr.1
0.0491 15 B
0.1104 30 1.5
0.1963 60 2
0.4418 130 3
0.7854 230 4
1.2272 360 6.5
1.7671 515 9
3.1416 920 14
4.9087 1436 19
7.0686 2070 24
9.6211 2810 29
12.5660 36875 34
15.9040 4650 39

pounds per square inch,
ote: The foregoinj table is based upon the following formulas:

Where grate area does Grate area (sq. ft.)
not exceed 4 sq. ft. e ——

1Capacity of safety valve based on 3324 per cent over pressure, valve set to relieve at 15

Diam. of safety valve, in, =

4
Where grate area } Grate area (sq. {t.)
exceeds 4 sq. ft. Diam. of safety valve, in. = 10.6

If liquid or gaseous fuel is used a grate area shall be assumed equal to that which would be
required if eoal were used for fuel.

TABLE 18, MINIMUM ALLOWABLE SIZES OF WATER RELIER
VALVES FOR WATER-HEATING BOILERS AND FOR
WATER-SUPPLY BOILERS

Rated Capacity in Gallons per Hour

Diameter Area of
of Valve Grate,
Inches Sq. Ft. 25° Rise 50° Rise 100° Rise

1.6 540 270 135

5.6 1440 760 360

9.6 2520 1260 630

15.75 54060 2700 1850

27. 10800 5400 2700

49.5 21600 10800 5400

Note: The foregoing table is based upon the following formulas:

‘Where grate area Grate area (sq. ft.)
does not exceed Diam. of safety valve, in. =— 1 0.4
12.5 sq. ft.

Where grate area

16
Grate area (sq. 1t.)
exceeds 12.5 sq. ft. Diam. of safety valve, in. =0

45

(14) Steam Gages. Each steam boiler shall have a steam
gage connected to the steam space or to the water column,
or its steam connection, by méans of a siphon or equivalent
device of sufficient capacity to keep the gage tube filled
with water and so arranged that the gage cannot be shut
off from the boiler except by a cock placed near the gage
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and provided with a tee or lever handle arranged to b.e
parallel with the pipe in which it is located when the cocl'c is
open. The dial of a steam gage for a steam heating boiler
shall be graduated to not less than 30 pounds, and shall be
provided with effective stops for the indicating pointer at
the zero point and at the maximum pressure point. The
travel of the pointer from zero to 30 lb. pressure shall be
at least 3 in.

(15) Pressure or Altitude Gages. Each hot-water boiler
shall have a gage connected in such a manner that it can-
not be shut off from the boiler except by a cock with tee
or lever handle, placed on the pipe near the gage. fI‘IEe
handle of the cock shall be parallel to the pipe in which it is
located when the cock is open. The dial of the pressure or
altitude gage shall be graduated to not less than 114 times
the maximum allowable working pressure, and shall be pro-
vided with effective stops for the indicating pointer at the
zero point and at the maximum pressure point.

(16) Thermometers. Each 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 degree Fahrenheit of the
water in the boiler at or near the outlet.

(17) Temperature Combustion Regulators. A tempera-
ture combustion regulator, which will control the rate of
combustion to prevent the temperature of the water from
rising above 250 degrees Fahrenheit at or near the outlet,
or a thermostatic device which will relieve the pressure on
the boiler when the temperature exceeds 250 degrees Fahr-
enheit shall be used on all hot-water heating and hot-water
supply boilers.

(18) Pressure Combustion Regulators. When a pressure
combustion regulator is used, it shall operate to prevent the
steam pressure from rising above 15 pounds.

(19) Bottom Blow-Off. Each boiler shall have a blow-off
pipe connection fitted with a valve or cock not less than
3/-inch pipe size connected with the lowest water space
practicable.
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(20) Water Gage Glasses. Each steam boiler shall have
at least one water-gage glass, the lowest visible part of
which shall be above the lowest permissible water level.
The lowest permissible water level shall be that ievel fixed
by the manufacturer subject to change by the order of the
Industrial Commission.

(21) Gage Cocks. Each steam boiler shall have two or
more gage cocks located within the range of the visible
length of the water glass.

(22) Water-Column Pipes. The minimum size of pipes
connecting the water column of a steam boiler shall be
1 inch. Water-glass fittings or gage cocks may be connected
direct to the boiler. The steam connection to the water
column of a horizontal-return tubular boiler shall be taken
from the top of the shell or the upper part of the head; the
water connection shall be taken from a point not less than
6 inches below the center line of the shell. No connections,
except for combustion regulator, drain or steam gages, shall
be placed on the pipes connecting a water column to a boiler.
If the water column or gage glass is connected to the boiler
by a pipe and fittings, crosses or-tees shall be used on the
water connection to facilitate cleaning.

Hydrostatic Test

4485, (1) All hot-water boilers, the maximum allowable
working pressure of which is not in excess of 40 pounds per
square inch, and steam-heating boilers, shall be subjected
to a hydrostatic test of 60 pounds per square inch at the
shop where constructed. Hot-water boilers, the maximum
allowable working pressure of which exceeds 40 pounds per
square inch shall be subjected to a hydrostatic test of 114
times the maximum allowable working pressure at the shop
where constructed.

Any hydrostatic pressure test to be made on either a
steam-heating boiler or hot-water boiler, after the boiler
has been in service, shall be at a pressure 114 times the
maximum allowable working pressure.

In making hydrostatic pressure tests the pressure shall
be under such control that in no case shall the required test
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pressure be exceeded by more than 10 pounds per square
inch. A .

(2) Individual shop inspection shall not be required for
boilers which come under the rules of this section, except
for boilers constructed by fusion welding (see Order
4486-13). _

(8) Each plate of a completed boiler shall bear the plate
maker’s name with brand and tensile strength, except that
these marks need not appear on the butt straps after com-
pletion of boiler.

(4) All boilers built according to these orders sh:?,ll be
stamped with the manufacturer’s name and maximum
allowable working pressure. These markings sh._all be
stamped with letters and figures at least 14 inch high on
some conspicuous portion of the boiler proper, preferably
over or near the fire door. Boilers suitable for use for both
steam and water shall have the stamps arranged substan-

ially as follows: ;
tlaBS)Iilers constructed and stamped in accordance with the
A. S. M. E. code are acceptable for use in this state. .

(Manufacturer’s Name)
Max. W. P., Steam 15 lb.
Water___lb.

Boilers suitable for use for water only shall have the
stamps arranged substantially as follows:

(Manufacturer’s Name)
Max. W. P.,, Water—_____ 1b.

These stamps shall not be covered with insulating or other
material, :
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FUSION WELDED BOILERS

4486, (1) Fusion Welds. The fusion welding process con-
sists of welding by means of either the oxyacetylene process
or the electric arc process, using a metallic electrode, either
bare, coated, or covered. .

(2) Steel-plate boilers constructed by fusion welding
under the orders prescribed for steel-plate heating boilers
may be used for steam heating at pressures not exceeding
15 pounds per square inch, or for hot-water heating at
pressures not exceeding 160 pounds per square inch. For
pressures in excess of 30 pounds per square inch for hot-
water boilers, the factor of safety for fusion welded steel-
plate boilers shall be not less than 5, assuming the strength

of the welded seam at 28,000 pounds per square inch of net
section of plate.

(3) Design and Construction, The design, construction,
and stamping of fusion welded boilers shall in all cases con-
form to the formulas, specifications and data which are
given in the orders prescribed for steel-plate heating boil-
ers, unless some. special requirement is necessary because
of welding, in which case the requirements will be herein-
after detailed.

(4) Base Metal. The term base metal when used, shall
mean the metal or metals of which the boiler is constructed

“and which are joined together by the welded seam.

(5) Filling Material. The term filling material shall mean
the weld rod, filling rod, electrode or other metal which is
used to join two sections of the base metal or metals,

The filling metal must be clean, flow freely, and shall

_neither “spit nor spark” appreciably during welding. Its

fusing temperature shall be such as to correspond relatively
with that of the sheet, or base metal. The size of the wire
and the size of the tip shall be such as to enable the welder
to meet the conditions required by the work he is doing
with oxy-acetylene welding, and the size of the electrode and
current characteristics should meet the same conditions for
electric are welding.
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(6) The base metal composing the plates of fusion welded
steel plate heating boilers shall be made by the open hearth
process of soft and good weldable quality and shall be as
approved by the Industrial Commission.

Note: Weldable steel as specified by the American Society of Me-
chanical Engineers is approved.

(10) Method of welding. Seams or joints on fusion
welded steel-plate boilers may be welded on both sides by
the double-V method, so-called, or on one side only with a
single-V, or by using such methods as will assure a joint of
sound metal thoroughly fused and to a thickness in excess
of the maximum thickness of plate.

There shall be no valley either on the edge or in the
center of the joint and the weld shall be so built up that the
welded metal shall present a gradual increase in thickness
from the surface of the sheet to the center of the weld. At
no point shall the sheet on one side of the joint be offset
with the sheet on the other side of the joint in excess of one
quarter of the minimum thickness of the sheets or plates
except where stayed plates are lap joined.

(11) Longitudinal Joints. Where fusion welded steel-
plate heating boilers are made up of two or more courses,
the welded longitudinal joints of adjacent courses shall not
be less than 90 degrees apart.

(13) Every boiler, the unsupported joints of which are
welded by the fusion process, shall be inspected at the shop
where manufactured by a duly authorized inspector. The
inspector shall subject the boiler to a hydrostatic test and
make an internal inspection.

(14) Steel-plate boilers having cylindrical shells and con-
structed by fusion welding shall have their shell length
limited to four diameters and in no case to exceed 20 feet
in length.

(15) Where staybolts are to be welded into stayed plates
by the fusion process the staybolt holes shall be counter-
sunk to within at least % inch of the full thickness of the
plate. The base metal of the plate and staybolt shall be
welded to the full thickness of the plate. The staybolts shall
be of such length that they will project at least 14 inch
above the surface of the plate in which they are welded.

..,
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No form of stay may be attached by welding unless the
method of attachment conforms to the requirements for
welding in stay bolts.

Cast-Iron Boilers

4487. (1) These rules for cast-iron boilers shall apply:

(a) To all steam boilers for operation at pressures not
exceeding 15 pounds per square inch.

(b) To hot-water boilers to be operated at pressures not
exceeding 160 pounds per square inch, or tem-
peratures not exceeding 250 degrees Fahrenheit.

(¢) For conditions exceeding those specified above,
cast-iron construction is not permitted.

(2) Wherever the term maximum allowable working
pressure is used herein, it refers to gage pressure or the
pressure above the atmosphere in pounds per square inch.

(3) The maximum allowable working pressure shall not
exceed 15 pounds per square inch on a cast-iron boiler built
under these rules to be used exclusively for low-pressure
steam-heating.

The maximum allowable working temperature at or near
the outlet of a hot-water cast-iron boiler shall not exceed
250 degrees Fahrenheit.

Boiler Openings

4488. (1) Washout Openings. All cast-iron steam and
hot-water boilers shall be provided with suitable washout
openings to permit the removal of any sediment that may
accumulate therein. Washout openings may be used for re-
turn pipe connections and the washout plug placed in a tee
so that the plug is directly opposite and as close as possible
to the opening in the boiler.

(2) Flanged Connections. Flanged pipe connection open-
ings in boilers shall conform to the American Standard for
the corresponding pipe size, and shall have the correspond-
ing drilling for bolts or studs.

(3) Threaded Openings. Pipe connections if threaded
shall be tapped into material having a minimum thickness
as specified in Table 20.
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TABLE 20. MINIMUM THICKNESS OF MATERIAL FOR THREADED
CONNECTIONS TO BOILERS

Minimum Thickness
of Material Required
Inches

Size of Pipe Connection, Inches

3 andunder_ .- oo _________

geanftundenie Jo0. dop s e N N B S Ts
1to 2% ineclusive.._.__.__________ s
3 to 814 inclusive_ = %
4 to Hinclusive._..__________ . %
6 to 8ineclusive._._..________ e BAE S o 1

8ito 12 heltstyel i I NI I RO S e s 14

Installation

4489. (1) Provisions shall be made for the expansion and
contraction of steam mains connected to boilers by provid-
ing substantial anchorage at suitable points, so that there
shall be no undue strain transmitted to the boiler.

(2) When feed or make-up water is introduced from a
pressure line, it shall be connected to the piping system
and not directly to the boiler.

Means must be provided for feeding a boiler against the
maximum pressure allowed on a boiler. The feed pipe shall
be provided with a check valve near the boiler and a stop
valve or cock between the check valve and the boiler.

A heater for oil or other liquid harmful to boiler opera-
tion shall not be installed directly in the steam or water
space within a boiler. Where an external type heater for
such service is used, positive means must be provided to
prevent the introduction into the boiler of oil or other
liquid harmful to boiler operation.

(3) All hot-water heating systems shall be so installed
that there will be no opportunity for the fluid-relief column
to freeze or to be accidentally shut off.

(4) It is recommended that no valves be placed in the
supply and return mains of a single boiler installation.

(5) Valves on Heating Boilers. When a stop valve is used
on the steam discharge outlet of a heating boiler (Gravity
Return System) a check valve and a stop valve between the
check valve and the boiler shall be placed on the return
pipe. When there are two connecting boilers one check valve
may be placed on the main return pipe and a stop valve
on the branch return pipe to each boiler.
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The equalizing loop as shown in Fig. 16 may be used in
the return pipe in place of check valves.

(6) When a valve is placed in the top connection from a
hot-water supply boiler to a storage tank, an additional con-
nection without valve shall be made between the boiler and
top of storage tank.

(7) Connections for Safety and Water-Relief Valves.
Every boiler shall have proper outlet connections for the re-
quired safety or water-relief valves, independent of any
other connection outside the boiler. A steam equalizing pipe
between boilers is not to be considered as a connection out-
side of the boiler in applying the requirements of this para-
graph. The area of the opening is to be at least equal to the
aggregate area based on the nominal diameters of all of the
safety valves with which it connects. A screwed connection
may be used for attaching a safety valve.

Fittings and Appliances

4490. (1) Safety Valves. Each steam boiler shall be pro-
vided with one or more safety valves of the spring pop type
adjusted to discharge at a pressure not to exceed 15 pounds
per square inch. No safety valve for a steam boiler shall be
smaller than 3/, inch except in case the boiler and radiating
surfaces are assembled in a self-contained unit. No safety
valve shall be larger than 414 inches.

(2) Each hot water heating or hot water supply boiler
shall have one or more relief valves of the spring loaded
type, without disk 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.

Bach relief valve shall have a substantial lifting device
which will lift the disk from its seat at least 75 inch when
there is no pressure on the boiler,

The seats and disks shall be of material suitable to resist
corrosion. No materials liable to fail due to deterioration
or vulcanization when subjected to any temperature not
exceeding 250 F. shall be used for any part.

No relief valve shall be smaller than 34, inch nor larger
than 2 inches standard pipe size. The inlet opening shall




— 116 —

have an inside diameter approximately equal to, or greater
than, the seat diameter.

(3) When two or more safety or water-relief valves are
used on a boiler, they may be single, twin, or duplex valveg.

(4) Safety or water-relief valves shall be attached di-
rectly or as close as possible to the boiler without any un-
necessary intervening pipe or fitting except th.e. Y-bzilse
forming a part of the twin-valve or a steam equalizing pipe
between boilers. A safety valve or water-relief valve shall
not be connected to an internal pipe in the boiler. Safety
valves or water-relief valves shall be connected.so as to
stand upright with the spindle vertical when possible.

(5) No shut-off of any description shall be placed betwe.en
the safety or water-relief valve and the boiler, nor on dis-
charge pipes between such valves and the atmosphere.

(6) 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 diameters of the valves with which it conn.ect:s,
and the discharge pipe shall be fitted with an open drain to
prevent water from lodging in the upper part of the valve
or in the pipe. When an elbow is placed on a safety or
water-relief valve discharge pipe, it shall be located close to
" the valve outlet or the pipe shall be securely anchored and
supported. The safety or water-relief valve shall be 80
located and piped that there will be no danger of scalding
attendants.

(7) Each safety valve, 34 inch or over, use.d on a s_tea.m-
heating boiler, shall have a substantial lifting dev1ce. by
which the valve may be raised from its seat at least ; inch
when there is no pressure on the boiler.

(9) Bach safety valve or water-relief valve shall be
plainly marked by the manufacturer in such a way thgt the
markings will not be obliterated in service, by stampmg'. or
casting on the casing or body of the valve, or by s‘gampmg
or casting on a plate securely fastened to the casing, the
manufacturer’s name or trade-mark and the pressure at
which it is set to blow. The seat and disks of safety or
water-relief valves shall be made of non-corrosive material.

(10) The diameter of seat shall determine the nominal
diameter of safety or water-relief valve as given in Tables 21
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or 22. The pipe thread at the inlet shall not be less than
the nominal valve size.

(11) The minimum size of safety or water-relief valve or
valves for each boiler shall be governed by the amount of
the grate area as given in Tables 21 or 22. In determining
the minimum size of safety or water relief valves for double
grate down draft boilers, the effective grate area shall be

taken as the area of the upper grate plus one-eighth of the
area of the lower grate.

The safety valve capacity for each steam boiler shall be
such that the safety valve or valves will discharge all the
steam that can be generated by the boiler without allowing
the pressure to rise more than 5 pounds above the maximum
allowable working pressure of the hoiler and 3 pounds above

the maximum allowable working' pressure of a hot water
boiler.,

When the size of a boiler exceeds the values given in
Tables 21 or 22, safety valves or water-relief valves whose
combined capacities equal the rated capacity of the boiler
shall be selected from the tables.

TABLE 21. MINIMUM ALLOWABLE SIZES OF SAFETY VALVES FOR
STEAM-HEATING BOILERS

Safety Valve
Area of
Discharge Grate,
Diameter Area Capacity Sa. Ft.
Inches Sq. In. Lbs. per Hr.!
7
0.0491 15 1
0.1104 30 1.5
0.1963 60 2
0.4418 130 3
0.7854 230 4
1.2275 360 6.5
1.7671 615 9
3.1416 950 14
4.9087 1435 19
7.0686 2070 24
9.6211 2810 29
12.5660 3675 34
15.9640 4650 39

1Capacity of safety valve based on 3314 per cent over-pressure, valve set to relieve at 15
pounds per square inch,

Note: The foregoing table is based upon the fellowing formulas:

‘Where grate area does Grate area (sq. ft.)
not exceed 4 sq. ft. Diam. of safety valve, in. =—m— "

4
Where grate area } Grate area (sq. ft.)
exceeds 4 sq. ft. Diam. of safety valve, in. =— — "

If liquid or gaseous fuel is used o grate area shall be assumed equal to that which would be
required if coal were used for fuel.
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D) 5 INIMUM ALLOWABLE SIZES OF WATER-RELIEF
s I:_;'IAZLZVI%{S FOR VVI‘&TER—I-IEATING BOILERS AND FOR
WATER-SUPPLY BOILERS

Area of Rated Capacity in Gallons per Hour
i Grate =
Varl)\::,m Tt Sq. Ft. 25° Rise 50° Rise - 100° Rise
1.6 540 270 135
5.6 - 1440 720 360
9.6 2520 1260 630
15.795 5400 2700 1350
27, 10800 5400 2700
49.5 21600 10800 5400

Note: The foregoing table is based upon the following formulas:

‘Where grate area, Grate area (sq. ft.)
does not exceed Diam. of safety valve, in, =—— ——————
12.5 sq. ft. 16

‘Where grate area < Grate area (sq. ft.) o
exceeds 12.5 sq. ft. Diam. of safety valve, in. 0.9

45

(12) 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-relief valve of at least 1 inch in diameter, set to
relieve at or below the maximum allowable working pressure
of the tank, shall be used. '

(13) Steam Gages. Each steam boiler shall have a steam
gage connected to the steam space or to the water column,
or its steam connection, by means of a siphon or equivalent
device of sufficient capacity to keep the gage tube filled
with water and so arranged that the gage cannot be shut
off from the boiler except by a cock placed near the gage
and provided with a tee or lever handle arranged to be
parallel with the pipe in which it is located when the cock
is open. The dial of a steam gage for a steam-heating boiler
shall be graduated to not less than 30 pounds and shall be
provided with effective stops for the indicating pointers at

the zero point and at the maximum pressure point. The

travel of the pointer from zero to 30 pounds pressure shall
be at least 3 inches.

(14) Pressure or Altitude Gages. Each hot-water boiler

shall have a gage connected in such a manner that it cannot
be shut off from the boiler except by a cock with tee or lever
handle, placed on the pipe near the gage. The handle of the
cock shall be parallel to the pipe in which it is located when

—
e e
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the cock is open. The dial of the pressure or altitude gage
shall be graduated to not less than 114 times the maximum
allowable working pressure, and shall be provided with effec-
tive stops for the indicating pointer at the zero point and
at the maximum pressure point,.

(1) Thermometers, Each 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,

(16) Temperature Combustion Regulators. A tempera-
ture combustion regulator, which will control the rate of
combustion to prevent the temperature of the water from
rising above 250 degrees Fahrenheit, at or near the outlet,
or a thermostatic device which will relieve the pressure on
the boiler when the temperature. exceeds 250 degrees Fahr-
enheit, shall be used on all hot-water heating and hot-water
supply boilers.

(17) Pressure Combustion Regulators, When a pressure
combustion regulator is used, it shall operate to prevent the
steam pressure from rising above 15 pounds.

(18) Bottom Bldw-Off. Each boiler shall have a blow-off
pipe connection fitted with a valve or cock not less than

%4 inch pipe size connected with the lowest water Space
practicable, '

(19) Water Gage Glasses. Each steam boiler shall have
at least one water-gage glass, the lowest visible part of
which shall be above the lowest permissible water level.
The lowest permissible water level shall be that level fixed
by the manufacturer, subject to change by order of the
Industrial Commission.

~ (20) Gage Cocks. Each steam boiler shall have two or
more gage cocks located within the range of visible length
of the water glass.

(21) Water Column Pipes. The minimum size pipes con-
necting the water column of a steam boiler shall be 1 inch.
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Water-glass fittings or gage cocks may be connected direct
to the boiler. No connections, except for combustion regu-
lator, drains, or steam gages, shall be placed on the pipes
connecting a water column to a boiler. If the water column
or gage glass is connected to the boiler by pipe and fittings,
crosses or tees shall be used on the water connection to
facilitate cleaning.

Hydrostatic Tests

4491. (1) All hot-water boilers, the maximum allowable
working pressure of which is not excess of 30 pounds
per square inch, and steam-heating boilers shall be subjected
to a hydrostatic test of 60 pounds per square inch at the
shop where made, on each individual section. Hot-water
boilers, the maximum allowable working pressure of which
exceeds 30 pounds per square inch, shall be subjected to a
hydrostatic test of 214 times the maximum allowable work-
ing pressure at the shop where made, on each individual
section,

Any hydrostatic pressure test to be made on either a
steam-heating boiler, or hot-water boiler, after the boiler
has been in service, shall be at a pressure of 115 times the
maximum allowable working pressure.

In making hydrostatic pressure tests the pressure shall
be under such control that in no case shall the required test
pressure be exceeded by more than 10 pounds per square
inch.

(2) Individual shop inspection shall not be required for
boilers which come under the orders of this section.

(3) All boilers shall be plainly and permanently marked
with the manufacturer’s or distributor’s name and the maxi-
mum allowable working pressure. All letters and figures
shall be at least 14, inch high.

The maximum allowable working pressure shall be
stamped, cast, or irremovably attached to the front and rear
cored sections of vertical sectional cast-iron boilers and on
the dome section of horizontal sectional cast-iron boilers.
The marking of maximum allowable working pressure on
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cast-iron boilers suitable for use for steam or water will
be as follows:

MAX, W. P. - LB
STEAM __ 15
WATER

Boilers suitable for use as water boilers only shall be
marked as follows:

MAX, W. P.
WATER ma

All boilers built according to A. S. M. E. Standards are
acceptable for use in this state.

When an insulating or other form of covering is used that
portion of the front cored section of vertical sectional cast-
iron boilers, and the dome cored section of horizontal sec-
tional cast-iron boilers bearing the foregoing marking, shall
either be provided with a removable cover plate or be left
uncovered.




APPENDIX

Explanatory of the Code and containing matter which is not manda-
tory unless specifically referred to in the orders of the Code.

EFFICIENCY OF JOINTS

A-1 Efficiency of Riveted Joints, The ratio which the
strength of a unit length of a riveted Jjoint has to the same
unit length of the solid plate is known as the efficiency of
the joint and shall be calculated by the general method
illustrated in the following examples:

T8 = tensile strength stamped on plate, lbs. per sq. in.
t = thickness of plate, inches
b =thickness of butt strap, inches
P =pitch of rivets, inches, on row having greatest pitch
d = diameter of rivet after driving, inches = diameter of rivet

| oel
®
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@

Fig. A-1. Example of Lap Point, Longitudinal or Circumferential,
Single-Riveted.
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a = cross-sactional area of rivet after driving, sq. in.

s — shearing strength of rivet in single shear, 1bs. per sq. in.,
as given in Order 4268 ¢

S = shearing strength of rivet in double shear, 1bs. per sq. in.,
as given in Order 4268

¢ = crushing strength of mild steel, lbs. per sq. in., as given
in Order 4267

n=number of rivets in single shear in a unit length of joint.

N — number of rivets in double shear in a unit length of joint.

A—2 Example: Lap joint, longitudinal or circumferen-
tial, single-riveted.
A = strength of solid plate—P X t X TS
B = strength of plate between rivet holes = (P-d) t X TS
C =shearing strength of one rivet in single shear = n X' s X a
D = crushing strength of plate in front of one rivet =d Xt Xe

©

Fig. A-2. Example of Lap Joint, Longitudinal or Circumferential,
Double-Riveted.

Divide B, C or D (whichever is the least) by A, and the quotient
will be efficiency of a single riveted lap joint as shown in Fig. A-1.

TS = 55,000 1bs. per sq. in.
t=14% inch = 0.25 inches
P =158 inches = 1.625 inches
d = 1 inch = 0.6875 inch
a= 03712 sq. in._
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5=44,000 1lbs. per sq. in.
ciffggslbs.oper 8q. in.
oyl S )5 50’22050><— 5%,20’33:; 12,890
C=1 X 44,000 X 0.3712 = 16,332
D =0.6875 X 0.25 X 95,000 = 16,328
12,890 (B) )
m = 0.576 = efficiency of joint

A-3 Example: Lap joint, longitudinal or circumferen-
tial, double-riveted.

A = strength of solid plate = P X t X TS
B=strength of plate between rivet holes = (P-d) t X TS
C = shearing strength of two rivets in single shear =n X s X a
D = crushing strength of plate in front of two rivets —
N3 dytoxe

e

V7

T
l

o0 fo1olo

Fig. A-3. Example of Butt and Double Strap Joint, Double-Riveted,

‘Dlvide B, C or D (whichever is the least) by A, and the quotient
will be efficiency of a double-riveted lap joint, as shown in Fig. A-2.
TS = 55,000 1bs. per sq. in.
t = & inch = 0.3125 inch
P =2% inches = 2.875 inches
d&= % inch = 0.75 inch
a=—0.4418 sq. in.
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8§=44,000 lbs. per sq. 1n

¢ = 95,000 lbs. per sq. in.

A =2875 X 0.3125 X 55,000 = 49,414

B = (2.875 — 0.75) 0.3125 X 55,000 = 36,5631
C=2 X 44,000 X 0.4418 — 38,878 7
D=2 X 0.75 X 0.83125 X 95,000 = 44,531

S8538° (D). .790 - atbiciensy ot:joint
49,414 (A)

A-4 Example: Butt and double strap joint, double-
riveted.

A =strength of solid plate =P X t X TS ) oil s

B =strength of plate between rivet holes in the outer row =
P-d) t X TS

C=she(aring strength of two rivets in double shear, plus the
shearing strength of one rivet in single shear = N X S
Xa+tnXgXa L

D=strength of plate between rivet holes m.thg second row,
plus the shearing strength of one rivet in single shear in
the outer row = (P-2d) t X TS + n .>< s X a

E=gtrength of plate between rivet holes in t}}e second row,
plus the crushing strength of butt strap in front of one
rivet in the outer row = (P-2d) t X TS +.d ¥ biX e

F —crushing strength of plate in front of two rivets, pl'us the
crushing strength of butt strap in front of one rivet =
NdXtXe+nXxdXhbXe y ‘

= crushing strength of plate in front of two rivets, plus the

shearing strength of one rivet in single shear =
N dRtxe-n¥ss¢a ) ; g j

H—strength of butt straps between rivet holes in the.mner
row = (P-2d) 2b X TS. This method of failure is not
possible for thicknesses of butt straps required by these
orders and the computation need only be made for old
boilers in which thin butt straps have been used-. For
this reason this method of failure will not be considered
in other joints.
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Fig. A—4. Bxample of Butt and Double Strap Joint, Triple-Riveted.
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Divide B, C, D, E, F, G or H (whichever is the least) by A, and the
quotient will be the efficiency of a butt and double strap joint, double-
riveted, as shown in Fig, A-3,

TS =55,000 1bs. per sq. in.
t= % inch = 0.375 inch
b= 7% inch = 0.3125 inch
P =4% inches — 4.875 inches
d= "7 inch = 0.875 inch
a=0.6013 sq. in.
§=44,000 Ibs. per sq. in.
S = 88,000 1bs. per sq. in.
¢ =95,000 1bs. per sq. in.

Number of rivets in single shear in a unit length of joint = 1.
Number of rivets in double shear in a unit length of joint — 2,

A=4.875 X 0.375 X 55,000 = 100,547

B= (4.875 - 0.875) 0.375 X 55,000 — 82,500

C=2 X 88,000 X 0.6013 + 1 X 44,000 X 0.6013 = 132,286

D= (4875 ~ 2 X 0.875) 0.375 X 55,000 + 1 X 44,000 X 0.6013
= 90,910

E= (4875 — 2 X 0.875) 0.375 X 55,000 + 0.875 X 03125 %
95,000 = 90,429

F=2 X 0.875 %X 0.375 X 95,000 + 0.875 X 0.3125 X 95,000 —
88,320

G=2 X 0.875 X 0375 X 95,000 + 1 X 44,000 X 0.6013 = 88,800
82,500 (B) _ .
7100,547 (A) = 0-820 = efficiency of joint

A-5 Example: Butt and double strap joint, triple-
riveted.

A = strength of solid plate = P X t X TS

B=strength of plate between rivet holes in the outer row —
(P-d) t X TS

C =shearing strength of four rivets in double shear, plus the
shearing strength of one rivet in single shear —
NXSXa+nxsXa

D =strength of plate between vivet holes in the second TOoW,
plus the shearing strength of one rivet in single shear in
the outer row = (P2d) t X TS + n X s X a

E =strength of plate between rivet holes in the second row,
plus the crushing strength of butt strap in front of one
rivet in the outer row — (P-2d)t X TS +dXbXe

F = crushing strength of plate in front of four rivets, plus the
crushing strength of butt strap in front of one rivet —
NXdXtXc+nXde><c

G = crushing strength of plate in front of four rivets, plus the
shearing strength of one rivet in single shear =

NXdXtXC+nXs><a




— 128 —

Divide B, C, D, E, F or G (whichever is the least) by A, and the
quotient will be the efficiency of a butt and double strap joint, triple-
riveted, as shown in Fig. A—4.

TS = 55,000 1bs. per sq. in,
t= % inch = 0.375 inch
b = % inch = 0.3125 inch
P= 6% inch = 6.5 inches
d = 3% inch = 0.8125 inch
a = 0.5185 sq. in.
s=44,000 lbs. per sq. in.
S = 88,000 lbs. per sq. in.
¢ = 95,000 1bs. per sq. in.

Number of rivets in single shear in a unit length of joint = 1.
Number of rivets in double shear in a unit length of joint = 4.

A =65 X 0.375 X 55,000 = 134,062

B= (6.5 — 0.8125) 0.375 X 55,000 = 117,304

C—4 X 88,000 X 05185 + 1 X 44,000 X 0.5185 = 205,326

D= (6.5 — 2 X 0.8125) 0.875 X 55,000 + 1 X 44,000 X 0.5185 =
123,360 :

E= (65 — 2 X 0.8125) 0.375 X 55,000 + 0.8125 X 0.3125 X

95,000 = 124,667

F—4 % 08125 X 0875 X 95000 + 1 X 0.8125 X 03125 X
95,000 = 139,902

G=4 X 0.8125 X 0.375 X 95000 + 1 X 44,000 X 05185 =
138,505

% 0.875 = efficiency of joint

A-6 Example: Butt and double strap joint, quadruple-
riveted.

A = strength of solid plate = P X t X TS

B = strength of plate between rivet holes in the outer row =
(P-d) t X TS )

C=shearing strength of eight rivets in double shear, plus the
shearing strength of three rivets in single shear =
NS atnXaXa

D — strength of plate between rivet holes in the second row,
plus the shearing strength of one rivet in single shear in
the outer row = (P-2d) t X TS + 1 X s X a

— strength of plate between rivet holes in the third row, plus

the shearing strength of two rivets in the second row
in single shear and one rivet in single shear in the
outer row = (P-4d) t X TS + n X s X a

F — strength of plate between rivet holes in the second row,
plus the crushing strength of butt strap in front of one
rivet in the outer row = (P-2d) t X TS + d X b X ¢
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G = strength of plate between rivet holes in the third row, plus
’Fhe crushing strength of butt strap in front of two rivets
in the second row and one rivet in the outer row =
(P-4d) t X TS +nXdXbXe

H = crushing strength of plate in front of eight rivets, plus
the crushing strength of butt strap in front of three
rivets = N XdXtXec+nXdXbXe

= crushing strength of plate in front of eight rivets, plué the
shearing strength of two rivets in the second row and
one in the outer row, in single shear —
NXdXtXe+nXsXa

3

Fig. A-5. Example of Butt and Double Strap Joint, Quadruple-Riveted.

Divide B, C, D, E, F, G, H or I (whichever is th
the quotient will be the efficiency of a butt and (?oiﬁfiit)stl:-:pﬁo?;f
quadruple-riveted, as shown in Fig. A-b. ,
TS =55,000 1bs. per sq. in.
t=1% in. = 0.5 inch
b= 1% inch = 0.4375 inch
P =15 inches
d =1 inch = 0.9375 inch
a=0.6903 sq. in.
$=44,000 1bs. per sq. in.
S = 88,000 Ibs. per sq. in.
¢ = 95,000 1bs. per sq. in.

Number of r'ivets in single shear in a unit length of joint = 3.
Number ‘of rivets in double shear in a unit length of joint = 8.

A =15 X 0.5 X 55,000 = 412,500
Bf (15-0.9875) 0.5 X 55,000 = 386,718
C=28 X 88,000 X 0.6903 + 3 X 44,000 X 0.6903 — 577,090

D = (15-2 X 0.93875) 0.5 X 55,000 + 1 44,001 =
SiLits X 44,000 X 0.6908 =
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E= (15-4 X 0.9375) 0.5 X 55,000 + 3 X 44,000 X 0.6903 =
400,494 h
F— (15-2 X 0.9375) 0.5 X 55,000 + 0.9375 X 0.4375 X 95,000
— 399,902

G (154 X 0.9375) 0.5 X 55,000 + 3 X 0.9375 X 0.4875 X
95,000 — 426,269
H=28 X 0.9375 X 0.5 X 95,000 + 3 X 0.9375 X 0.4875 X 95,000

— 473,145
T=28 % 0.9375 X 0.5 X 95,000 + 8 X 44,000 X 0.6903 = 447,369

386,718 (B) _

— " — 0.937 = efficiency of joint
412,500 (A)
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Fig. A—6. Illustration of Butt and Double Strap Joint with straps
i of equal width.

i —7. Illustration of Butt and Double Strap Joint of the
Bl ey Saw-Tooth Type.

A-7 Figs. A-6 and A-7 illustrate other joints that may
be used in which eccentric stresses are avoided. The butt
and double strap joint with straps of equal width shown in
Fig. A—6 may be so designed that it will have an efficiency gf
from 82 to 84 per cent and the saw-tooth joint shown in
Fig. A-T so that it will have an efficiency of from 92 to 94

per cent.
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LIGAMENTS

A-8 Efficiency of Ligament, When a shell or drum is
drilled for tubes in a line parallel to the axis of the shell or

drum, the efficiency of the ligament between the tube holes

shall be determined as follows:
a When the pitch of the tube holes on every row is equal
(Fig. A-8), the formula is: .

-d :
L = efficiency of ligament

whére
p = pitch of tube holes, inches
d = diameter of tube holes inches
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Fig. A-8. Example of Tube Spacing with Pitch of Holes Equal
in Every Row.

f
\ng:\/

The pitch of tube holes shall be measured either on the flat plate
before rolling, or on the median line after rolling.

Example: Pitch of tube holes in the drum as shown in Fig. A-8 =
5% inches, diameter of tubes = 3% inches, diameter of tube holes =
3d% inches.

p—d 525 3.281

5 E9E = 0.375, efficiency of ligament

b When the pitch of the tube holes on any one row is unequal (as
in Figs. A-9 or A-10), the formula is:
p—-nd
p

= efficieney of ligament;

where
p'=unit length of ligament, inches
n=number of tube holes in length, p
d = diameter of tube holes, inches

Example: Spacing shown in Fig. A-9. Diameter of tube holes —
34% inches.
p—nd 12-2 X 3.281

= 0.453, efficiency of ligament
P 12
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Fig. A-9. Example of Tube Spacing with Pitch of Holes Unequal in
Every Second Row.

Example: Spacing shown in Fig. A-10. Diameter of tube holes =
34% inches.

p-nd 29.25-5 X 3.281

= 0.439 efficiency of ligament

p 29.25
Vit Wi W e W W W e WL W
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Fig. A-10. Example of Tube Spacing with Pitch of Holes Varying
in HEvery Second and Third Row. )

¢ The strength of those ligaments between the tube holes which are
subjected to a longitudinal stress shall be at least one-half the re-
quived strength of those ligaments which come between the tube
holes which are subjected to a circumferential stress.
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Fig. A-11. BExample of Tube Spacing with Tube Holes
on Diagonal Lines,
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d When a shell or drum is drilled for tube holes so as to form
diagonal ligaments as shown in Fig. A-11, the efficiency of these liga-
ments shall be that given by the diagram, Fig. A-12.

'

In this diagram the abscissae are %and the ordinates—]i;—

where
p = longitudinal pitch of tube holes, or distance between centers
of tubes in a longitudinal row, inches
p’= diagonal piteh of tube holes, inches
d = diameter of tube holes, inches

1]

To use the diagram, Fig. A-12, the values of % and % are com-

puted and the efficiency for the corresponding points is read off from
the diagram. Should the point fall above the curve of equal efficiency
for the diagonal and longitudinal ligaments, the longitudinal liga-
ments will be the weaker, in which case the efficiency is computed
from the following formula:
(1) p—-d
p

Examples: 1st, diagonal pitch of tube holes in drum as shown in
Fig. A-11 = 6.42 inches

Diameter of holes — 445 inches
Longitudinal pitch of tube holes = 11% inches

P 115

= o 2.853

p' 642

—=——=10.558
11.6

The point corresponding to these values is shown at A on the dia-
gram Fig. A-12, and the corresponding efficiency is 85.3 per cent. As
the point falls below the curve of equal efficiency for the diagonal
and the longitudinal ligaments, the diagonal ligament is the weaker.

2d, diagonal pitch of tube holes in drum — 6 35/64 inches

Diameter of tube holes = 44 inches
Longitudinal piteh of tube holes = 7 inches

P 7
SR T o
d o156 .
B PP
P

The point corresponding to these values is shown at B, and it will
be seen that it falls above the line of equal efficiency for the diagonal
and longitudinal ligaments, in which case the efficiency is computed
from formula (1). Applying formula (1), we have

7 — 4.0156

7 = 0.426, efficiency of ligament, or 42.6 per cent.
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BRACED AND STAYED SURFACES

A-9 The allowable loads based on net cross-sectional
areas of staybolts with V-threads, are computed from the
following formula. The use of Whitworth threads with
other pitches is permissible.

The formula for the diameter of a staybolt at the bottom
of a V-thread is:
D-(PXx1.782) =d

where '
d = diameter of staybolt at bottom of threads, inches

P =npitch of threads, inches

d = diameter of staybolt at bottom of threads, inches
1.732 = a constant

When U. S. threads are used, the formula becomes D — (P X 1.732
X 0.75) = d

Tables A-1 and A-2 give the allowable loads on net cross-sectional
areas for staybolts with V-threads having 12 and 10 threads per inch.

‘Al —1. ALLOWABLE LOADS ON STAYBOLTS WITH V-THREADS,
PRI 12 THREADS PER INCH

Net Crof- A’l’lé)(;voalbble gé)ad
i i ter of Stay- Diameter at Bot- | Sectional Area |at 8. stress,
ouuldwé:,qgehu 3 tom of Thread, (at Bottom of per Sq. In.
Inches Thread) Sq. In.
0.7500 0.6057 0.288 2160
0.8125 0.6682 0.351 2632
0.8750 0.7307 0.419 3142
0.9375 0.7932 0.494 3705
1.0000 0.8557 0.575 4312
1.0625 0.9182 0.662 4965
1.1250 0.9807 0.755 5662
1.1875 1.0432 0.8 6412
1.2500 1.10567 0.960 7200
1.8125 1.1682 1.072 8040
1.3750 1.2307 1.190 8925
1.4375 1.2932 1.313 9849
1.5000 1.8567 1.444 10830

CO I B0 D9 9 B0 DD DD IND bt b ot b o ok o ok o ok ok ok ok ok ok ok
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TABLE A-2. ALLOWABLE LOADS ON STAYBOLTS WITH V-THREADS,
10 THREADS PER INCH

Net Cross-
Outside Diameter of Staybolts, Diameter at Sectional Area | Allowable load at
Inches Bottom of Thread| (at Bottom of 7500 Ibs. stress
Inches Thread) Sq. In. per Sq. In.
1.2500 1.0768 0.911 6832
1.8125 1.1893 1.019 7642
1.8750 1.2018 1.134 85605
1.4375 .2648 1.265 9412
1.6000 1.3268 1.382 10365
1.56256 1.3893 1.5156 11362
1.6250 1.4518 1.6565 12412

A-10. Table A-3 shows the allowable loads on net cross-
sectional areas of round stays or braces.

TABLE A-3. ALLOWABLE LOADS ON ROUND BRACES OR STAY RODS

Allowable Stress, in Lbs. per Sq. In., Net
Net Cross-sectional Area
Minimum Diameter of | Cross-sectional -
Cireular Stay, area of Stay, -6000 8500 9500
Inches in Sq. In.
Allowable Load, in Lbs. on Net Cross-sectional
Area

e 1.0000 0.7854 4712 6676 7462
M = 1.0625 0.8866 5820 7536 8423
% & 1.1250 0.9940 5964 49 9443
b S 1.1875 1.1075 6645 9414 10521
A = 1.2500 1.2272 7363 10431 11658
o = 1.3125 1.3530 8118 11601 12854
% i 1.3750 1.4849 8909 12622 14107
;/2 % 1.4375 1.6230 9738 13796 16419
5 = 1.5000 1.7671 10603 15020 16787
5 . 1.5625 1.9175 11505 16298 18216
o5 2 1.6250 2.0739 12443 17628 19702
ug_ s 1.6875 2.2365 13419 19010 21247
34 2 1.7500 2.4053 14432 20445 22852
B - = 1.8125 2.5802 15481 21932 24612
- < 1.8750 2.7612 16567 23470 26231
- 2 1.9375 2.9483 17690 25061 28009
- £ 2.0000 3.1416 18850 26704 29845
;é-. = 2.1250 3.6466 21280 30147 33693
e £ 2.2500 3.9761 23857 33797 37773
% 2.3750 4.4301 26580 37656 42086
14 2.5000 4.9087 29452 41724 46632
;? 2.6250 5.4119 32471 46001 51413
2.7500 5.9396 35638 50487 56426

% 2.8750 6.4918 38951 556181 61673
______ 3.0000 7.0686 42412 60083 67162
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A—11. Table A—4 gives the net areas of segments of heads
for use in computing stays.

TABLE A—4 NET AREAS OF SEGMENTS OF HEADS WHERE d AS
GIVEN IN ORDERS 4335 AND 4338 IS EQUAIL TO 3 INCHES

Heizht Diameter of Boiler, Inches

from | B = I

Tubes 24| 80 | 86 | 42 | 8 | 54 | 60 | 6o | 72 | 78 | 84 | o0 | o8
0 — | —I- | —_— =

Shell,

Inches Avea to be Stayed, Sa. In.

v [ NSRS (S PRI (USSR RS 1187 | 12565 | 1321 | 1382 | 1442
= 5 1218 | 1200 | 1358 | 1424 | 1480

1459 | 1523

1496 | 1661

1538 | 1606

1575 | 1650

1617 | 1687

1665 | 1733

1695 | 1770
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Fig. A-12. Diagram for ddetermination of the efficiencies of longitudinal and diagonal ligements between tube holes in cylindrical tube sheets,

39 40

4l

42 43 44 45 4

47

46

49 &0



— 137 —

'sasqlog Jo Surdeig Sy} 03 LS PUT 9g¢F SIapdo jo wonedrddy Sursoyg speled ¢I-v S

921= D bumn

§ s2uq ._:omcu._.
o r...te.ah:(

02i © 24 =0

¥ vo.a

e

Q 2|90 W :»va
..L.. 242UM\

SO 2wp?e <!

o2l ©2it=2

B
d
02140211 = D O2r02H =D
2d R id x4,
e g e
. =N —
2d =
NH- XxGll=d
02140211= 2 _
2d
T x5:=d d
m:_:vmo L’




2o jagies ' — 139 —

Method of Checking the Safety Valve Capacity by A"%S For the PUEpose of checking _the safety valve
Measuring the Maximum Amount of Fuel capacity as described in A—18, the following values of heats
That Can Be Barned : | of combustion of various fuels may be used:
3 H = B.t.u.
A-13 The maximum quantity of fuel C that can be Ly s, per Ib.
burned per hour at the time of maximum forcing is deter- ' iif:ﬁ'blt};mmous oAl —_ 14,500
mined by a test. The maximum number of heat units per Screel;;ai(r:xlg: ii’ﬁgg
i . . e e e e )
hour, or C X H is then determined, using the values of H : %gked e S 13,500
. . . . 00
given in A-18. The weight of steam generated per hour is Wecd hid ov anft i gried s ; Z:ggg
found by the formula: Woodghavings - - - . -~ ' . 6,400
C X H X 0.75 Peat, air dried, 26 per cent moisture __________________ 7,500
W — . L1g'mte = 10,000
1100 enosene P s e e e 20,000
where Petroleum, crude oil, Penn. _________ " 20,700
W = weight of steam generated per hour, lbs. Petroleum, crude oil, Texas e 18,500
C = total weight or volume of fuel burned per hour at time of H = Btu.
maximum forcing, Ibs. or cu. ft. per cu. ft.
H = heat of combustion of fuel, B.t.u. per lb. or per cu. ft. Iglatural gas - _________ = D ey o L 960
(See A-18) ast-furnace gas ________ i £ 10
Producer gas S Y O, 150
Water gas, uncarbureted ______________ 290

The sume of the safety valve capacities marked on the valves shall
be equal to or greater than W,

A-14 Example 1: A bhoiler at the time of maximum Automatic Water Gages
forcing uses 2150 1bs. of Illinois coal per hour of 12,100 ‘ A-19 Automatic shut-off valves on water it IF Tipp-
B.t.u. per Ib. Boiler pressure, 225 lbs. per sq. in. gage. _ mitted to be used, shall conform to the following ’requlre-
C X H = 2150 X 12,100 = 26,015,000 ; ments:

W= C X H X 0.75 + 1100 = 17,740
a. Check valves in upper and lower ﬁttmgs must be of

A-15 Example 2: Wood shavings of heat of combustion the solid non-ferrous ball type to avoid corrosion
of 6400 B.t.u. per lb. are burned under a boiler at the maxi- and the necessity for guides.
mum rate of 2000 lbs. per hour. Boiler prebsure, 100 Ibs. per b. Ball check valves in upper and lower fittings must
$q. in. gage. open by gravity and the lower ball check valve

C X H = 2000 X 6400 = 12,800,000 must rise vertically to its seat.
W= C X H X 0.75 + 1100 = 8730 ¢. The check balls must not be smaller than 14 inch

A-18 Exsmple 8+ An oil-firad boiler at maximum forcing diameter, and the diameter of the circle of contact
uses 1000 1bs. of crude oil {Texas) per hour. Boiler pressure, W_lth the seat must not be greater than 2 of the
S5 The. GEF B0, h. g, diameter of the check ball. The_ space around each

5 0 ¢ 1850 = TR0 » ball must not be less than 14 inch and the travel
W e H X 075 < 1 103— 12,620 j ‘ movement from the normal resting place to the
1 - seat must not be less than 1/ inch.

A-17 Example 4: A boiler fired with natural gas con- d. The ball seat in the upper fitting must be a flat seat
sumes 3000 cu. ft. per hour. The working pressure is 150 with either a square or hexagonal opening, or
Ibs. per sq. in gage. : otherwise arranged so that the steam passage can

C X H = 3000 X 960 = 2,800,000 never be completely closed by this valve.

W=C X H X 0.756 + 1100 = 1960



— 140 —

e. The shut-off valve in the upper fitting must ha‘./e a
projection which holds the pall at least 14 mc}l
away from its seat when the shut-off valve is
closed.

£. The balls must be accessible for inspection. Means
must be provided for removal and inspection of
the lower ball check valve, while the boiler is
under steam pressure.

Page
86, 102
26

77
75

INDEX
Where “A” precedes a number reference will be found in the appendix
Order
Access and firing doors 4449, 4450, 4483- (2)
Acid method, open hearth steel 4252
Additional safety valves, boilers connected ________ 4411
Adjustment to safety valves for blow down ________ 4402
Adamson furnace 4363

Allowable loads on

diagonal stays Table 7 4343

loads on stays, table of A-9
loads on circular braces A-10
material if unknown 4210
pins secured in crowfeet 4344
rivets securing crowfeet 4344
rivets securing lugs 4447
stays Table T
stay bolts Table A-1
stress of stays 4330
stress on stays and stay bolts 4341
unstayed surface 4203
working pressure, power boiler . _________ 4202, 4300, 4301
Angles on boiler heads 4346, 4350
Annual inspection 4102
by cities 4105
by insurance companies 4104
by private companies 4106
certificate 4107
exemptions from 4103
external 4231
. fees for y 4101
internal 4230
reports of 4100
preparation for 4102
Appendix
Appointment of
Board of Boiler Rules 4111
inspectors 4108
Approval of materials for use in boilers 4251
Area
of clean-out doors o 4449
of diagonal stays 4342
of manholes 4379
of rivets after driving 4212, 4477
of safety valves (See safety valve)
ofsepmentsformula f£or oo e 4338
of segments of head to be stayed ————___________ 4335
of segments—table of A-11
to be stayed in heads 4335-4338, 4480
to be stayed in heads having manhole __________ 4339
Automatic shut off valves on water gages —————__ 4413 A-19
Back pitch of riveted joints 4303

Bars, steel, for boiler parts ________________ 4258

64

10
123-140

13
12
26
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Basic method, open hearth, steel —__________

Order
4252
_ 43714372

Beading of tubes
Beveling and calking plates =

5 4378

Blow down for safety valves

= 4402

Blow-off cock
Blow-off pipes on boilers

__4227, 4431-4433
4227, 4433

heating boilers

— 4484, 4490

installed prior to March 1, 1944 __________
installed on and after March 1, 1944 _____

pipes, fittings, valves

_______ 4430, 4433

4227
4429, 4435

AL 4434

protection of _

4227

shall be extra heavy LLE
Board of Boiler Rules _

S 4111

Boiler fusion welded (heating)

4486

Boiler builders stamp, loeation of __________
builders, stamps not to be covered —

definition

_______ 4455
________ 4456

to be stamped

4454

wet bottom, distance from floor line _____

Boiler openings
_heating boilers ___

4448
4481, 4488

in dished heads ____

4316, 4319

in H. T. boilers

4385, 4481-(2)

in L.F.B. boilers _

4386, 4481-(2)

in V.T. boilers

4387, 4481-(2)

manhole frames = 43814382
size of manholes _ 4379
size of handholes 4379
threaded openings 4389
Boiler plates
chemical properties 4252
physical properties 4252
thickness required 4269
thickness of for heads 4272
thickness of for shells s 4270
thickness of for straps S 427}
stamps __ 4253
Boiler, power, definition 4250
heating
miniature
Boilers set in battery
feeding water into 4439
setting of safety valve for 4411
Boiler setting 4445-4446
Braced and stayed surfaces 4320-4354, 4480
heating boilers - 4480
Braces, design of 4344
angles _ 4346
crowfoot _ 4344
gusset _ 4345
heating boilers 4476, 4480-(1)
flat surface 4203
made of steel plate _ 42b7,4345
spacing between 4324, 4480-(5)
steel barsldfciir ggg
Br‘;.z‘l?;:s“e 3 4446-4447
Brown furnaces 4364, 4365

Page
26
67
69
75
23, 81, 82
23, 82
108, 119
23
80, 82
80, 82
82
23
13
111-113
88
88
9
87
85

100, 113
40, 41
71, 100
71, 100
71, 100
70, 71
69

69

72

7, .
Order
Butt and double strap joint
double riveted i A-4
triple riveted : A-5
quadruple riveted A-6
Butt straps
heating boilers 4479
how formed _ A 4312, 4479-(6)
of equal width =5 CA-T
saw tooth ___ 1 A-7
thicknesses of 4271, 4478
to be rolled or formed __ 4412
Calking ____ 4378
Capacity of safety valves
examples of checking Al14-16
method of checking 4395-A13-18
Cast iron J
boilers (see heating boilers) _ 4200
brackets _ 44464447
cover plates 4383
headers _____ 4201, 4366—4367
used with superheated steam 4264
strength of ___ 4210
Cast steel -
door frame rings _____ 4265
superheater mountings 4263
Certificate of competency 4108
Certificate of inspection S 4107
Channel iron for flat heads 4322
Charges for inspection 4101
Check valves on
feed pipe 4228, 4439
return pipe 4229, 4483, 4489
Checking safety valve capacity, method of _________ Al13-18
Chemical properties of steel ; 4252
Clean-out doors 4449
Circular furnaces and flues 43604362
Circular manhole opening 4379
Circumferential joints 4305-4306
Clean out door in setting 4449
Cocks (See valves, gage cocks, blow off cocks)
Combined area of safety.valves 4399
Combustion chamber, materials to be used in ______ 4254
Combustion chamber, sling stays _______________ 43564357
Combustion chamber, tube sheets of ______________ 4355
Concave heads _ 4204, 4316-4319
opening in 4316, 4319
Cones, truncated, maximum allowable working pres-
sure 4352
Connections to, safety valve 4398-4399
heating boilers 4481-(5)
steam gage 4417
water column 4416, 44424444
Construction, seamless, of drums, sheets, or domes _ 4308
Contraction of steam mains, provision for —________ 4427
Convex and concave heads 4316
Corrugated furnaces 4364
Covers, manhole and handhole -4257
Covers, manhole, material of 4383
Cracks 4206

Page

126
127
128

97
38, 98
130
130
29,96
78

69

138
74,138

16,94-121
84

71
16, 66
28
19

23, 83
24,102, 114
1
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Order

Cross boxes, material of 4261

Cross pipes connecting steam and water drums, ma-
terial of 4261
Crowfoot braces 4344
Crown bars and girder stays 4351
Crushing strength, of steel 4210, 4267, 4477
riveted joints . Ay A-1
Curvature of plates and straps 4312
Curved surfaces, stayed 4333
Cutting of plates 4369
Damper regulator 4416
Data reports 4454
Dealers, secondhand boilers 4208
Definition of power boiler 4250
Design of braces and brace connections ———_________ 4344

Destructive test of boiler structure that cannot be
calculated 4368

Details of boilers, staying of Fig. A-13 ____________
Diagonal braces 4342

ligaments between tube holes in shell or drum
4215, 4313, A-8

stays, stresses in 4342,4343
Dial of steam gage 4418
Direct spring loaded safety valve, construction of __ 4393
Discharge capacities of safety valves _____________ 4391-4395
Discharge pipe from safety valves —_______________ 43994400
Dished heads 4316-4319
Dished heads, corner radius of 4318
Dished heads, with manhole opening ______________ 4316
Domes 4315

seamless drawn 4308
Door, access and firing, minimum of ______________ 4449-4450
Door frame rings 4265
Door latches 4450
Doubling plates 4320
Drain, dry pipe 4426
Drains, between stop valves 4425-4426

from superheater = 4428

on water column 4443
Drilled holes for rivets 4374-4375

stays 4331

tube holes 4370
Drum, material of 42544255
Drums, pressure allowed on 4202, 4301

seamless drawn 4308
Drum or shell, longitudinal joints of _________ _____ 4309
Drums of water tube boiler, reinforcing plates for __ 4314
Dry pipe 4426
Duty of employer 4107
Edge of plate to center of rivet 4304
Edges of plates for calking 4378
Edges of tube hole to be removed —____________ 4370
Efficiency of ligament between tube holes ________ 4214, 4313

of ligament between diagonal tube holes ________ 4215, 4313

of rivet joints 4213, 4302

of riveted joints to calculate Al1-7

welded joints 4307

Elliptical, handholes and manholes ————_________ 4379
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Order
Ends of feed pipes 4436
fire tubes 4371
staybolts to be riveted over 4321
stays below tubes 4337
superheater tubes - 4372
water tubes e 4372
Equalizer, to support h.r.t. boilers ________ 4446
Equalizing loop for heating boilers _______ 4483-(7)
Escape pipe from safety valve : 4399
Examples of staying —___
Brstineenstallation s —ocovmmcmarne s oo 42004233
Exemptions 4103
Expanding and flaring of tube ends _______________ 4372
Expansion of steam mains, provision for __________ 4427
External inspections : 4231
External pressure, curved sheets subject to ________ 4333
Extra heavy fittings
on blow-off 4432, 4433
Factor of safety 4209
for domes 4315
new installation 4301
secondhand boilers 4208
Feed appliance _ 4228, 4440
heating boilers 4483, (4)
pipe valves 4439
piping 4436-4440
water regulator, connection to 4416
water supply apparatus 4440
Fees for inspection 4101
Fire box_steel 4252, 4254
Fire-brick casing, for blow off pipe —_______________ 4434
tube boiler, manhole in 4385
_t1_1be boiler, thickness of tubes 4274
F}npg doors 44494450
Fittings and appliances 4421-4444
Fittings and appliances for heating boilers ______ 4484, 4490
Flange, boiler for feed pipe connection ____________ 4436
of manhole opening 4339
steel, for shell, drums 4252, 5254
Flanged connections to heating boilers ____________ 4481, 4488
Flanged construction for water leg and door frame
rings : 4265
Flanges, cast iron, thickness of : 4421
Flanges, reinforcing, thickness and material of ____ 4389
Flaring and expanding of tube ends ______________ 4372
Flat surfaces to be stayed 4320
Flat surfaces to be stayed between tubes and be-
tween tubes and shell 4337
Floor line, wet bottom boilers 4448
Flues, circular, pressure allowed on _______________ 4362
Fluid relief column, heating boiler ________ 4483—(5),4489-(3)
Formula
Adamson furnace 4363
area of segment 4338
bursting pressure 4202
concave heads 4204, 4316
cone tops 43562
convex heads 4204, 4316
diagonal stays 4342
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efficiency of joints
flat surfaces
ligament between tube holes
Morrison furnaces
plain furnaces
safety valves
seamless flues
staying H.T. boilers
Fox furnaces
Fuels, heats of combustion of
Furnace details, method of staying Fig. A-13 ______
Furnace sheets, stamps to be visible - ____________
Furnaces
Adamson
Brown
circular flues
corrugated
Fox
height
- internal cylindrical, staying of
Leeds suspension bulb
material of
Morison =
plain circular B
Purves
thickness of, corrugated or ribbed . ________
vertical boilers
Gages, steam
cocks
cocks on old boilers
inspectors connection for
on old boilers
steam, dial of
water, glass
(See heating and miniature boilers)
Gage cocks
heating boilers
on old boilers
Girder stays and crown bars
Globe valves, on blow-off
not to be used on blow off
on feed pipe =
on water column
Grates, height of e

4

Gravity return 4229,

Gusset stays, stresses in

Handholes in h.r.t. boilers =
in heating boilers
in locomotive type boilers
in vertical fire tube boilers

Hangers to support h.r.t. boilers —________________
heating boilers .

Headers, cast iron
and pressure parts, material of ________________

Heads, angles for staying upper segments of ____
areas of segment
area of segment of heating boiler ______________
area of segments to be stayed

Order

4302
4208, 4320
A-8

4364
4360-4361
A-13
4362
4346-4347
4364-4365
A-18

4453

4363

4364

4362

4364

4364

4358

4333

4364
4254
4364
4360-4361
4364

4365
4358-4359
4417
4415
4222

4419

4224

4418
4412-44186

4415
4484, 4490
4222
4351
4227, 4430
49227, 4430
4439
4414
4448
4483, 4489
434274345

4385
4481-(2)
4386
4387
4447
4482
4366, 4367
4261
43464350
4338
4480—(4)
43344335

78
109, 119
22

57

23, 80
23, 80

24,102,114
53-54

.
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Order
area of segments to be stayed, table for ________
concave and convex
flat unstayed

on h.r.t. boilers 4346
reinforcements for 4322
rivet, acceptable forms 4374
segments of, area to be stayed 4334-4335
stamped 4453
Heat of combustion of various fuels ______________ A-18
Heating boilers : 44754491
Height of furnace 4358
Holes for rivets 43744375
for screw stays 4331
Horizontal-return tubular boilers :
feed pipe 4436
hangers to support 4447
location of feed water discharge ________________ 4436
longitudinal joints, to be above fire line _________ 4310
longitudinal joints A-1-7
manhole below tubes 4385
maximum length of joint 4311
method of support 4445-4446
staying heads of 36 inches or less ______________ 4346

stop valves (see valves)
blow-off (see valves)
water column connections 4442

Hydrostatic pressure tests 4232, 4451, 4452
heating boilers 4485, 4491
of cast iron headers 4367
on new boilers 44514452
on secondhand boilers 4208

Injector, used to feed boiler 4440

Inspection at shop 4454

Inspectors test gage connection 4419

Inspirator used to feed boiler 4440

Insulating material, not to cover boiler stamp ______ 4456
on blow off pipe 4434

Internal fired boilers
height of furnace 4358
longitudinal joints on 4359
openings on (see boiler openings)
wet bottom 4448

Inspection 4102
by insurance companies 4104
certificate of 4107
external 4231
exemption from 4103
fees for 4101
internal : 4230
of secondhand boilers 4208
of new boilers 4454

Iron, cast 4210
heating boilers 4487
rivets, shearing strength of 4268
wrought, stays and staybolts 4259

wrought, water leg and door frame rings ________ 4265

A-11
4204, 4316
4203

83

24, 86
109, 120
66

86

18

83
87
79
83

88
82

61
61
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Order Page | Order Page
Joints, back pitech e 4303 36 Manganese 4252 26
butt and double strap, examples of —___________ A-4-6  126-128 *Main stop valve 4225 23
gﬁﬁm e ol 1‘333 gg on heating boilers 4225, 4483, 4489 23,102, 114
rentia) 5— :
efsiency of 4302, 4479 36, 97 Malleable iron for headers 4366-4367 66
efficiency of, method of caleulation ____________ A-1-7  123-130 Manholes : 4379-4385 69-71
forming straps for 4312 38 below tubes h.r.t. boilers 4385 71
heating boilers 4479,4486 97,111 below tubei h-,r-lt- bfoilers, staying of foon e 51
ap arasl 4206 17 covers, material o 476 71,95
lerI:gth of, on n.r.t, boilers 4311 38 covers: when plate steel 425'7: 4476 27,95
location on h.r.t. boilers 4310 38 frames for _ 4380-4382 70-71
location on heating boilers 4479—(5) 98 %:S;‘e(}].s’hbga?"% surface of ig% H
longitudinal, maximum length of _______________ 4311 38 P 1 shed hea s
e %oilers over. 86 inches B ¥ 4309 38 in any fire tube boiler 4385 71
on boilers 36 inches and under 4309 38 in dome heads 4385 71
Eh dbTias 4315 39 in heating boilers 4481 100
on power boilers 4302-4312 36-38 plates, material of 4383 71
; 4359 6l - reinforced material of 4380 70
on V.T. boiler furnaces 3 : ¢ : :
straps for 4971 29 reinforcement, on boiler 48 inches diameter or over 4381 70
welded (see heating boilers) 4307 38 sizes of 4379 69
; Manufacturer’s stamp 4454 87
Lap joint crack 4206 17 Manufacturer’s stamp not to be covered ___________ 4456 88
Lap-riveted flues 4362 63 Material, strength of 4252 26
Lap riveted joints (see joints) appl.‘oved of 4251 26
Latchies, door 4450 86 Mgte{)latlttotbe used 4251—222? 26—%8
Laying out shell plates, furnace sheets and heads __ 4453 86 iﬂ c];vers ;ﬁstses 432,3§ 7?
Leeds suspension bulb furnace 4364 65 in heads and shells 4252 26
Length of stays between supports . _________ 4341 52 in heating boilers 94-121
Ligament between tube holes (See appendix) —_____ 4313 38 in H.T. boiler heads 4272 30
in manhole covers : 4383 71
Load allowed on, stay bolts 4341 52 o ranhole briana 4380 70
flat unstayed surfaces 4203 16 in shell plates 4269 29
dished heads 4204, 4316 17,40 ;
in superheaters 4263 28
stayed surfaces T b’i32,(7) g% in superheating mountings 4264 28
Loswt}"s - able in fvater legs 4265 28
cation of, in lugs 4257 27
blow-off (see heating boilers) 4227, 4430 23,80 Maximgm allowable working pressure, drums and
domes _ 4315 39 shells 4202, 4301 16, 35
feed pipe 4228, 4436 23, 82 stayed surfaces 4320 42
feed pipe valves 4439 83 Measurements to be taken 4230 24
gra;n between itoptevalves ﬁ%g gg %e&og offequalizi‘zlg( hw}i:lingt boill(:rsl e 44Fig. 16 104
rain on superheater ethods of support (see heating boilers) __________ 4445-4447 84, 85
damper regulator 4416 79 Miniature boilers 4470 89-93
gage cocks 4222, 4415 22,78 Morrison furnaces 4364-4365 65-66
handﬁmlles, ((see ll))o'iller Open_ingsg ———————————————— iggg % Muffler on safety valve 4400 75
manholes, (see boiler openings)
safety valves (see safety valves) Nozzles, material of 4264 28
stamps (see stamps) Nozzles and fittings 4421 79
4224, 4417 23,79
steam gage ’ 43, Number of gage cocks (see heating boilers) —______ 4222, 4415 22,78
stop valves 4225, 4423 23, 80 Numbering boilers ’-4109 ; 12
water glass 4221, 4412 21,78 by builder 4454 87
water column connections 4444 84

Locomotive type boiler, water leg and door frame e 55 0. G. flange construction 4265 28
rings

S T e Openings (see boiler openings
Longitudinal joints (see joints) P g(se(e Hhvended oI;)eninggs))

Loop, equalizing, for heating boilers — 4483-(7) 103 Outaide isgens nnd ke tyte valves
Lugs and brackets (see heating boilers) 44454447 84, 85 5 ’
Lugs made of steel plate ; 4257 "o on water column pipes 4414 78

Owners duty 4107 11




. — 150 —

Patches
Penalty
Petition for hearing
Phosphorus .
Pin in braces, diameter of s
Pipes (See heating and miniature boilers)

blow-off 4227,

dry pipe, drains for
feed ___.

main steam, valve on
or nipple, number of threads

or nipple, number of threads, table of ——__________ ;
steam gage 4224,

surface blow-off and fittings
threads, minimum number of
water column
Piping, blow-off

feed 4228,

steam, thickness of
Pitch of rivets (see joints)
staybolts
staybolts, table of bl
stays (see stayed surface)
staytubes
Plain flues (see flues)
Planing edges of plates
Plates
beveling and calking of
bending and forming
cutting of
drilled for rivets
drilled for stays
drilled for tubes
for furnaces (see flues)
for heads and shells
properties of
reinforcing for drums of water tube boiler —_____
stamps on
thickness of
thickness of straps -
thickness of shells
thickness, minimum for stayed surface __________
thickness, shell or dome after flanging __________
when reinforced
Portable boilers
Power boilers :
definition of
Preparing for inspection
Pressure allowed on,
boilers exempt from inspection ___-____________
bumped heads
cast iron boilers 28
cast iron headers
definition of
external, curved sheets subject to ———__—_________
flat surfaces
furnaces
heating boilers __
maximum allowed on heating boilers —___________
combustion regulators 2

Order
4207

4252
4344

4429-4435

4389
4417, 4419
4429
4389
44424444

4227, 4429
44364440
4275

4303
4320
4325

4353, 4354
4362
4378
4252
4378
4312°
4369
4374
4374
4370
4254
4254
4252
4314
4253
4270
4271
4270
4320
4270
4320
4208

4200-4456
4250
4102

4103
4204
4200
4366
4475-(2)
4333
4203
4360-4365

4475
4475-(3)
4484, 4490

108, 119
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: P Order
parts of superheater 4263
parts over two inches pipe size 4261
shells or drums _ - 4202, 4301
stayed surface 4320
(see stayed surface)
tubes, fire tube boilers 4274
tubes, water tube boilers 4273
unstayed surface 4203

Properties of material 4251-4265

Purves furnace 4364

Reasonableness of orders

Reinforcing, openings 4389
for manholes 4381
in dished heads 4316
plates for drums of water tube boilers ___________ 4314

Reinforcements, structural, for heads ______________ 4322

Repairs = 4233
cracks 4206
patches 4207
steam gage 4230

Reservoirs on steam maing
Return mains, valves in
Rings, water leg and door frame __
Rivet heads, acceptable designs 4374

4427
4229, 4483, 4489
4265

Rivets holes, finish and removal of burrs __________ 4374-4375

Riveted joints (see joints)

Riveting 43744377

Rivets, diameter when unknown 4212
drilling for 4374
in braces, area of 4344
in shear on lugs or hangers 4447
in shear on manhole frames 4381
in shear, strength of - 4268, 4477
length of and heads for __ s 4376
machine driven 4377
material of 4260

Rolling ends of shell plate 4312

Rules for firemen :

Safety, factor of 4209

Safety valve (See heating and miniature boilers)
blow down adjustment 4402
capacity 4391, 4395
‘capacity, method of checking A-13-18
connections 4397-4399
connection to boiler 4220, 4398
construction _—— 4403-4408
discharge capacity 4216, 4391, 4395
duplex, power boilers 4397
escape pipe for 4220, 4399
for heating boiler 4484, 4490
formula for A-13
marking 4394
method of computing and checking ___-______- = A-13-18
muffler on 4400
on connected boilers 4411
on connected boiler, allowed different pressures __ 4411
on superheaters 4409
power boilers 4390-4411
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Order
required on secondhand boiler 4208
requirements for 4390
seats of _ 4393, 4404
setting of 4392, 4402
stamping of 4394
superheater 4409-4410
to protect low pressure boiler —— ——————————— 4411
twin 4397
type allowed 2 4393
Safety valves
(installed prior to March 1, 1944)
capacity — - 4218
connection — 5 " 4220
requirements for = 4216
Saw tooth type of butt joint .- A-T
Screwed stays, supporting of o 4340
Seamless construetion of drums 4308
Seats of safety valves 4393, 4404
Secondhand boilers = 4208
Segment of heads, area to be stayed - 4335, 4338, 4480-(4) -
of head, to be stayed 4334

of head, table of A-11

Selection of materials = _ 42514265
Setting, of H.T. boilers _ 4445-4446
blow-off openings 4435
clean-out doors - 4449
heating boilers
of safety valves 4392

of wet bottom boilers —
supporting brackets

__4448,4483-(1)
4447

suspended type 2 4445-4446
Shearing strength of rivets 4268
Sheets, curved, subject to external pressure ———————— 4333
Shells or drums

factory of safety for 4209

joints of = 4309-4310

material of (see material)

pressure allowed on _ 4202, 4301

seamless drawn 4308

thickness of _ 42694272
Shut-off valves on water column pipes ————————————— 4414
Sling stays 43564357
Stamps — 4109, 4454

heating boilers =

location of 4455

not to be covered 4456

on plates - 4253, 4453

to be visible on plates, sheets and heads —————————— 4443
Staybolts, diameter of, how measured ———————— 4329, 4480—(3)

ends of — ____ 43214323

holes for __ s 4331

material of _ 4259

maximum allowable stress on 4341, 4480-(6)

pitch of 4320
Stayed surface,

adjacent to flanges _ 4326

adjacent to furnace joint V.T. boilet —c—soemea= 4359

adjacent to openings 4327

area of pins for crowfeet 4344

avea of rivets for 4344
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Order
crowfeet stays for 4324
curved surface 4333
diagonal stays for 4342
diameter of stays for 4329
drilling of 4331
gusset stays for 4345
in fire tube boilers = 4337
in water tube boilers _ 4335
on segment of heads 4334
on h.r.t. boilers 4346
pitch of stays for 4326
pressure allowed on 4320 .
stays with nuts for 4323
supporting of stays for 4340
to compute pressure on 4320
T.S. allowed in stays Table 7
Staying heads = 4343
details of boiler furnaces Fig. A-13
dished heads 4317
examples of Fig. A-13
furnaces 4333
heads of h.r.t. boilers, 36 inches diameter or less — 4346
segments of heads 4334
segments of heads, heating boilers 4480-(4)-(5)
segments of heads with manhole opening ———————— 4339
Stay reds, ends riveted over, to be supported —————— 4340
Stay tubes 4353-4354
Stays, cross sectional, area in calculating -~ 4330
crown bars and girders 4351
diagonal and gusset, stresses in 4342, 4343, 4345
heating boilers 4480
maximum allowable stress on — e 4341, 4480-(6)
screwed, supporting of 4340
sling 43564357
through 4339
upset for threading 4332
table of allowable stresses on A-9-10
Steam fire engine 4103
Steam, gage and connections 4224, 4417
gages for heating boilers _ 4484, 4490
mains 4427
mains, reservoirs on 4427
outlets 2 4423
piping thickness of 4275
Steel, boiler plate, crushing strength of 4267
plates, tensile strength of 4266
rivets, shearing strength of 4268
wrought or cast, for boiler and superheater parts _ 4263
Stop valves (see valves)
Straps, butt, of equal width A-T
Straps, butt, saw tooth AT
Strength of boiler structure that cannot be cal-
culated to be tested 4368
Structural reinforcements for heads 4322
Superheaters, drains on 4428
mountings for . 4264
material of 4263, 4264
safety valves on 4409
stop valves on _ 4423
tubes and nipples 4372-4373

Page
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Order
Supply mains, valves in hok ) 4483—(6), 4489-(4)
Support, method of for boilers —_______________ 4445-4448, 4482
Support of stays ends riveted over —________-______ 4340
Surface blow-off ___ ol S e g 4429
Suspended type of setting h.r.t. boilers ________-__ 4446, 4482
for heating boilers 44382
Tables of,
angles for staying of heads —_-- Table 8
area of segments ________ = Table A-4
constants for pitch of stay tubes - ________ 4354
diameter of rivets m 4212
maximum allowable pitch of stay bolts —_________ 4325
minimum pipe threads allowed _________________ Table 10
net area of segment e A-11
pitch of stays Table 6
properties of steel ___ b 4252
round braces or stay rods, allowable loads ______ A-10
shearing strength of rivets _____________________ 4211
staybolts allowable loads on ___________________ A-9
stress on stays At Table 7
thickness of shells 4270
thickness of heads 4272
thickness of straps 4271
Temperature combustion regulator . ___________ 4484, 4490
Tensile strength of material 4210, 4266, 4477
Test, hydrostatic pressure _ 4232, 4451, 4452
(see heating boilers)
of safety valve 4395
of steam gage 4419
to destruction of boiler structure that cannot be
calculated 4368
Thermometers 4484, 4490
Thickness of
corrugated or ribbed furnace 4365
heads 4272
plates and sheets 4269-4272, 4478
shells ___ = 4270
steam piping : 4275
straps : 4271, 4478
tubes 4273-4274, 4478
Threaded openings ’ 4389
heating boilers 4481, 4488
Threads, pipe or nipple into fittings —______________ 4422
Threads ___ Table 10
Through stays 4339
Truncated cones, maximum allowable working pres-
sure on 4352
Tubes, drilling for 4370
ends of 4371-4373
for W.T. boilers : 4372, 4373
for F.T. boilers _ 4371
for heating boilers 4478
holes and ends 43704373
holes in shell or drum 4313
holes, sharp edges to be removed ________________ 4370
sheets, cylindrical, efficiencies of ligaments in ____ 4313

sheets, of combustion chambers 4355

Page
103,114
84,101
51
80

84, 101
101

55

108, 119
19,29, 95
24, 86

74
79

67
108, 119

S TG
Order
sheets, minimum thickness of 4272
sheets, space allowed unstayed between tubes and
shells 4337
Tubes, for fire tube boiler, thickness of ____________ 4274
for water tube boiler, thickness of ______________ 4273
stay tubes ____ 4353-4354
Valves (see safety valves)
automatic on water glass e = ___ 4413, A-19
in supply and return mains 4483-(6)
on blow-off _ 4227, 44304433
on discharge outlets . 4423-4426

on every steam outlet 4423
onfeedipien->— . - .- .. o 4228, 4439
on heating boilers . _4229, 4483, 4489
on superheaters S 4264
on steam gage _____ 4224, 4417
on water column 4223, 4413,4414

on water fronts _ e 4441
outside screw and yoke type on water column ___ 4414
Stop Valves et e . S 4423-4426
water relief 4484, 4490
Vertical boilers, furnaces of 4358-4359
fire tube, manhole in ___ 4385
fire tube boiler, water leg and door frame ring __ 4265
‘Washout openings 4386-4387, 4481, 4488
Water column and connections (see heating and
miniature boilers) 4223, 4416
column and connections 44424444
glass and gage cocks, location of ___________ 4221, 4412, 4413
glass, automatic shut off valves ________________ 4413, A-19
Water fronts, valves on 4441
Waterleg rings, material of 4265

Waterlegs of boilers, illustration of details of staying Fig. A-13

Water relief valves 4484, 4490
‘Water tube boilers
cast iron for headers 4367
flaring of tube ends of 4872
reinforcing plates for drums of ________________ 4314
table of maximum pressure of tubes for —_________ Table 2-3
thickness of tubes of 4273
wrought or cast steel parts for - ______________ 4261
Welded boilers 4486
Welded joints 4226, 4307
Welded stays 4330
Wet bottom boilers, height from floor line ________ 4448
Working pressure, maximum allowable __4200-4205, 4300-4301
Wrapper sheet, stayed 4333

Page
“ 30

50
34
30
59

78,139
103

23, 80-82
80

80

23,83
24,102, 114
28

23,79
23,78

71,100, 113

23,79
83-84

© 22,78
78, 139
83

28

137
105, 116



