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STEAM BOILER RULES
FORMULATED BY THE BOARD oF BOILER RULES.

[In accordance with the provisions of section 28, chapter 465, Acts of 1907, as
amended by chapter 393, Acts of 1909, “An Act relative to the operation
and inspection of steam boilers,”]

The Rules previously issued and additions made thereto
are arranged as follows: —

Parr I — These Rules, in addition to the Rules contained
in Part II., apply to boilers installed on or
before May 1, 1908, : ’

Parr II. — These Rules apply to all boilers now or here-
after installed, unless otherwise stated.

Pagrr III. — These Rules, in addition to the Rules contained

in Part II., apply to boilers installed after
May 1, 1908.
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Section 26 of the Aotsj of 1907, as amended by chapter 393
of the Acts of 1909, provides that “ Changes made in the
Rules which affect the construction of new boilers shall

take effect six months after the approval of the same by

the Governor.”

The dates of previous editions of steam boiler rules formulated
by this Board have been' as follows: August 30, 1907;
September 18, 1907; November 19, 1907; January 9,
1908; March 24, 1908; June 9, 1908; October 1, 1908;
August 5, 1909; January 2, 1915; May 12, 1916.
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PART I

These Rules, in addition to the Rules contained in Part IL.,
apply to boilers installed on or before May 1, 1908.

Srcmon 1.
To determine maximum allowable presgure.

1. The maximum 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 rules, the formula being: —

w=maﬁmum allowable working pressure per
RXF S. 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 de-
termining which is given in section 7, Part
II. of these Rules.
R=radius=one-half (3) the inside diameter of the
outside course of the shell or drum.
1".8.=lowest factor of safety allowed by these Rules.

Tensile sﬁrength.

2. When the tensile strength of steel or wrought-iron shell
plates is not known, it shall be taken as fifty-five thousand
(55,000) pounds for steel and forty-five thousand (45,000)
pounds for wrought iron.
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Factor of safety., '

3. The lowest factor of safety to be used for boilers, the
longitudinal joints of which are of butt and double-strap con- -
struction, shall be four and five-tenths (4.5). :

Notm. — Factors of safety which also apply td boilers: installed
before May 1, 1908, are specified in paragraph 7, section 1, Part II,
of these Rules. )

Rivets.

4. When the diameter of the rivet holes in the longitudinal
joints of a boiler is not known, the dismeter and cross-sec-
tional area of rivets, after driving, shall be taken as follows: —
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~ Parr I — Smerron 1.

Size of safoty valves, not spring-loaded.

* 5. The minimum size of a safety valve (other than a direct
spring-loaded safety valve) shall be goverhed by the pressure
allowed, as stated in the certificate of inspection, and by the
grate ares of the boiler, subject to the following conditions
and as shown by the table' in paragraph 6.of this section.

Single boilers, and boilers connected and allowed same pres-
sure.

Condition A.-— A single boiler, or two or more boilers -
connected to a common steam main and allowed the same
pressure; the minimum size of safety valve for each boiler
shall be governed by the pressure allowed, as stated in the

- certificate of inspection, and by the grate area of the boiler,

Boilers connected and allowed different pressures.

Condition B.— When two or more boilers, which are
allowed different prossures, are ‘connected to a common
steam main, the minimum size of each safety valve shall be
governed by the pressure allowed, as stated in the certificate
of inspection, and by the grate area of the boiler; and all
safety valves shall be set at a pressure not exceeding the
lowest pressure allowed. The aggregate valve ares shall not
be less than that required for the aggregate grate area, based
on the lowest pressure allowed, as shown by the table. '

Condition C. — When two or more boilers, which are al-

lowed different pressures, are connected to a common steam

main, and dll safety valves are not sef at a pressure not ex-
ceeding the lowest pressure allowed, the boiler or boilers
allowed the lower pressures shall each be protected by a
safety valve or valves placed on the connecting pipe to the
steam main; the area or combined area of the safety valve
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or valves placed on the connecting pipe to the steam main
shall not be less than the area of the connecting pipe, except
when the steam main is smaller than the connecting pipe,
when the area or combined area of safety valve or valves
placed on the connecting pipe shall not be less than the
area of the steam main. Each safety valve placed on the |
connecting pipe shall be set at a pressure not exceeding the
pressure allowed on the boiler it protects.

6. A table of areas of grate surfaces, in square feet, for
other than direct spring-loaded safety valves, follows: —

MaxinuM PRESSURD ZERO TO Over 25 Ovar 50
ALLOWED PER SQUARE INcH TO TO
ON THE BoOILER. Pounps. 50 Pounps. 100 Pounps. |
: |
Diameter | Area of Valve, |
of Valve, in in Square Area of Grate, in Square Feet. i
Inches. Inches. :
- |
1 .7854 1.50 1.75 2.00 }
14 1.2272 2.5 2.50 3.00 ‘
114 1.7671 3.00 3.75 4.00 |
2 3.1416 5.50 6.50 7.95 |
2V 4.9087 8.25 10.00 11.00
3 7.0686 11.75 14.25 16.00
3% 9.6211 16.00 19.50 21.75
4 12.5660 21.00 25.50 28.25
415 15.9040 26.75 32.50 36.00
5 19.6350 32.75 40.00 44.00

Bottom blow-off.

7. Each boiler shall have a bottom blow-off pipe, fitted
with a valve or cock, in direct connection with the lowest
water space practicable.
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PART II.

‘These 1ules apply to all boilers now or hereafter msta,lled
unless otherwise stated.

, SmerIoN 1.
Maximum pressure,

1. The pressure allowed on-a boiler constructed entirely
of cast iron with the exception of the connecting bolts and
nipples, and installed within this Commonwealth on or before
July 2, 1915, shall not exceed twenty-five (25) pounds per
square inch. The pressure allowed on such boilers installed
~ after July 2, 1915, shall not exceed fifteen (15) pounds per

square inch.

" 2. The pressure allowed on & boiler, the tubes of which
are secured to cast-iron headers, shall not exceed one hundred
and sixty (160) pounds per square inch.

3. The pressure allowed on aboiler fitted w1th a distriet.
police lock-pop safety valve shall not exceed fifteen (15)
pounds per square inch, This special type of safety valve is
provided for by section 1, chapter 259, General Acts of 1915
(Engineers’ and Firemen’s License Law), and applies to
boilers used for heating purposes exclusively.

Crushing strength of mild steel.

4. The resistance to ‘crushing of mild steel shall be taken
at ninety-five thousand (95,000) pounds per square inch of
Cross- Sectlona,l area,

Shearing strength of rivets.

5. The maximum shearing strength of rivets per square
inch of cross-sectional area shall be taken as follows: —
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Pounds.
Iron rivets in single shear, . . . . . . 38,000
Iron rivets in double shear, . . . . . . 70,000
Steel rivets in single shear, . . . . . . 42,000
Steel rivets in double shear, . . . . . . 78,000

6. The following table gives the allowable shearing strength 4
of rivets from éleven-sixteenths (+4) inch to onc and one-
sixteenth (17%5) inches in diameter, in pounds: —




221’69 £78'e8 | 106°9% 07 09%'7¢ '$46°3% ot T T “TeeT[s S[qnOpP ‘feelS

283'L8 66'82 ceg'es | LL'TE 98g'sT oeg’eT [ - T o T “reous ofSuls ‘jooig
59029 138'8% T60°G7 963°98 93608 8668 .ot » ¢t ‘Teeys JIqmOp ‘woIl
16968 162°98 67833 _80L'6T sgL9r. | gorvT - [ - 0 . 0 ‘reoyse[3us ‘mory

~ *SpunOg UI ‘ITUeLIS BULEIYY S[GEAOTY .
i

ox B3 998" | “wr DS g0gg" | “wx DS gT0g | “TT *bs ggrer | “wr *bs g1 UL s guLE ‘SUIAP 39378 JOAL JO BOIE [EUOHIRS-8501)

+9290°T . 1GLEE™ L8 « 9218 uSL +9L89° . - :
WO SAer W3 0%t P53 1 % T * ‘SUIALIP YT JOATI IO IJOTIBI(T

1 NOLIOTg — “IT awﬂm




13

Part II, — Smerion 2.

The shearing strength of the rivets, and the crushing
strength of the plate in front of the rivets, shall be ample
to take care of the pressure on the head.

Factors of safety.

7. The lowest factors of safety used for boilers, the shells
or drums of which are exposed to the products of combustion
and the longitudinal joints of which are of lap-riveted con-
struction, shall be as follows: —

(a) Five (5) for boilers not over ten years old.

(b) Five and five-tenths (5.5) for boilers over ten and not
over fifteen years old.

(¢) Five and seventy-five hundredths (5.75) for boilers
over fifteen and not over twenty years old.

(d) Six (6) for boilers over twenty years old.

(¢) Five (5) for boilers, the longitudinal joints of which are
of lap-riveted construction and the shells or drums of which
are not exposed to the products of combustion.

SeeTon 2,
Safety valves.

1. Tach boiler shall have one (1) or more safety valves.

Size of safety valves, spring-loaded.

2. The minimum size of a direct spring-loaded safety valve
shall be governed by the pressure allowed, as stated in the
certificate of inspection, and by the grate area of the boiler,
subject to the following conditions and as shown by the table
in paragraph 3 of this section.

Single boilers, and boilers connected and allowed same pres-~
sure.

Condition A. — A single boiler, or two or more boilers con-
nected to & common steam main and allowed the same pres-




14

Part II. — Smcrion 2.

sure: the minimum size of safety valve for each boiler shall
be governed by the pressure allowed, as stated in the cer-
tificate of inspection, and by the grate area of the boiler.

Boilers connected and allowed different pressures,

Condition B, — When two or more boilers, which are al-
lowed defferent pre&smes, are connected to a common steam
main, the minimum size of each safety valve shall be gov-
e1ned by the pressure allowed, as stated in the certificate of
inspection, and by the grate area of the boiler; and all safety
valves shall be set at a pressure not exceeding the lowest
pressure allowed, The aggregate valve area shall not be less
than that required for the aggrepate grate area, based on tho
lowest pressure allowed, as shown by the table.

Condition C.— When two or more boilers, which are al-
lowed diflerent pressures, are connected to a common steam’
-main, and all safety valves are not set at a pressure not ex-
ceeding the lowest pressure allowed, the boiler or boilers
allowed the lower pressures shall each be protected by a.
safety valve or valves placed on the connecting pipe to the
steam main; the area or combined area of the safety valve -
or valves placed on the connecting pipe to the steam main
shall not be less than the area of the connecting pipe, except
when. the steam main is smaller than the connecting pipe,
when the area or combined area of safety valve or valves
placed on the connecting pipe shall not be less than the
area of the steam main. Each safety valve placed on the
connecting pipe shall be set at a pressure not exceeding
the pressure allowed on the boiler it protects.

3. A table of areas of grate surfaces, in square feet, f01
direct spring-loaded safety-valves with bevel seats, follows

~
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'3 (a) A table of areas of grate surfaces, in square feet, for -

direct spring-loaded safety valves, with flat seats, follows: —

0 -

1=
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Parr IL — SmoTION. 2.
4, When the conditions excéed those on which the tables
(paragraph 3) are based, the following formulas shall be

used: —
W70
P

A= ___W_70 X8, for valves with flat seats. '

——X 11 for va,lves with 45° bevel seats.

Any valve manufa.ctmel desiring to use this table shall
plainly mark the valve FLAT SEAT. Any valve not so
marked will be considered bevel seat.

A =ares of direct spring-loaded safety valve in square inches
' per square foot of grate surface.
W=weight of water in pounds evaporated per square foot
N of grate surface per second. -
‘P=pressure (abgolute) at which the safety valve is seb to
blow. ‘ ' '

5. A table of areas of grate surface, in square feet, for safety
valves not direct spring-loaded, is. given in paragraph 6,
section 1, Part I. of these Rules.

6. If more than one (1) safety valve is used, the minimum
combined area shall be in-accordance with the table.

Safety valve connections.

7. Bach safety valve shall have full-sized direct connection
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 (2) safety valves on one (1) connec-
tion, this connection to the boiler shall have a cross-sectional
ares equal to or greater than the combined area of the two
(2) safety valves. No valve of -any description shall bé
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 on boilers installed after July 2, 1915, must
be connected to a separate nozzle or opening in the boiler,
independent of any other steam connection, and as close as
possible to the boiler.

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

Safety valves hereafter installed.

9. Safety -valves hereafter installed on boilers shall not
exceed five inches (5”) in diameter, and shall be the direct
spring-loaded type, with seat and bearing surface of the dise
inclined at an angle of about forty-five (45) degrees or about
ninety (90) degrees to the center line of the spindle; designed
with a substantial lifting device so that the disc can be
lifted from its seat with the spindie, not less than one-eighth
(3) the diameter of the valve, when the pressurc on the
boiler is seventy-five per cent. (756%) of that at which the
safety valve is set to blow.

Fusible piugs.

10, Fusible plugs, as required by section 20, chapter 465,
Acts of 1907, shall conform to the followmg speclﬁcatlons
(see Fig. 1 on page 19): —

All fusible plugs shall consist of a bronze casing, holes in
which shall be reamed and tinned before being filled, shall
have an even taper from end to end not less than five-eighths
of an inch (§") to the foot, and shall be filled with ninety-
nine per cent. (99%) pure tin.

11. All fusible plugs shall be stamped by the manufac-
turers with their names across the face of the plugs with
letters not less than one-eighth of an inch (3”/) in height, and
the letters MASS STD,
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The outside diameter of the plug is to be of the standard
pipe threads.

No fusible plug shall be used for a longer period than one
(1) year.

12. Each boiler shall have one- (1) or more fu51ble plugs,
located as follows: —

() In Horizontal Return Tubular B011els——1n the rear
head, not less than two (2) inches above the upper row of
tubes, measurement to be taken from the line of the upper
surface of tubes to the center of the plug, as shown in Figs.
12 and 13 of these Rules, and pro;ectlng through the sheet
not less than one (1) inch,

(0)- In Horizontal Flue Boilers — in the rear head, on a
line with the highest part of the boiler exposed to the prod-
ucts of combustion, and projecting through the sheet not
less than one (1) inch.

(¢) In Locomotive Type or Star Water Tube Boﬂers —in -
the highest part of the erown sheet, and projeeting thlough
the sheet not less than one (1) inch. .

(d) In Vertical Tire-tube Boilers—in an outside tube,
not less than one-third (3) the Tength of the tube above
the lower tube sheet. ' .

(¢) In Vertical Fire-tube ‘Boilers, Corliss Type—in. a
tube, not less than one-third (3) the length of the {,ube abOVe
the lower tube sheet.

(f) In Vertical Submerged Tube Boilers —in the upper
tube sheet.

(9) In Water-tube Boilers, Horizontal Drums, Babcock &
‘Wilcox Type —in the upper drum, not less tha,n six (6)
inches above the bottom of the drum, over the first pass
of the products of combustion, and projecting through the
sheet not less than one (1) inch.

(k) In Stirling Boilers, Standard Type — in the front side
" of the middle drum, not less than four (4) inches above the
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Fustble Plugs.
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bottom of the drum, and projecting through the sheet not -

less than one (1) inch.

() In Stirling Boilers, Superheater Type — in the front
drum, not less than six (6) inches above the bottom of the
drum, exposed to the products of combustion, and pro-
jecting through the sheet not less than one (1) inch.

() In Water-tube Boilers, Heine Type—in the front

course of the drum, not less than six (6) inches above the
bottom of the drum, and projecting through the sheet not
less than one (1) inch.

(k) “In Robb-Mumford Boilers, Sta.ndald Type —in the

bottom of the steam and water drum, twenty-four (24)
inches from the center of the rear neck, and projecting
“through the sheet not less than one (1) inck.

(1) In Water-tube Boilers, Almy Type—in a tube or
fitting exposed to the products of combustion, and extending
not less than one (1) inch inside of boiler. ,

(m) In Vertical Boilers, Climax or Hazelton Type —in a
tube or center drum not less than one-half (3) the height of

the shell, measuring from the lowest circumferential seam,

- and extending not legs than one (1) inch inside of boiler.

(n) In Cahall Vertical Water-tube Boilers — in the inner |

sheet of the top drum, not less than six (6) inches above the
upper tube sheet, and projecting thlough the sheet not less
than one (1) inch. ‘

(0) InScotch Marine Type Boilers — in combustion cham-

ber top, and projecting through the sheet not less than one

(1) inch,

(p) In Dry Back Scotch Type Boilers — in rear head, not 7

less than two (2) inches above the upper row of tubes, and
projecting through the sheet not less than one (1) inch.

(¢) In Economic Type Boilers— in the rear head, above
the upper row of tubes, and extending not less than one
(1) inch inside of boiler.

/
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(r) In Cast-iron Sectional Heating Boilers — in a section
over and in direct contact with the products of combustion
in the primary combustion chamber, and extending not less
than one (1) inch inside of boiler.

() In Water-tube Boilers, Worthington Type —in the
front side of the steam and water drum, not less than four
(4) inches above the bottom of the drum, and projecting
through the sheet not less than one (1) inch.

(#) For other types and new designs, fusible plugs shall be
placed at the lowest permissible water level, in the direct
path of the products of combustion, as near the primary
combustion chamber as possible, and extending not less than
one (1) inch inside of boiler.

Steam gage.

13. Fach boiler shall have a steam gage connected to the
steam space of the boiler by a brass syphon, or equivalent
device, sufficiently large to fill the gage tube with water,
and in such manner that the steam gage cannot be shut off

from the boiler except by a cock with T or lever handle,.

which shall be placed on the pipe near the steam gage. Con-
nection to gages shall be made of brass pipe-and fittings from
the boiler to the gage. '

When the steam gage of a boiler is connected to water
column pipe, there shall be brass pipe and fittings from the
steam gage to water column connections,

Steam gage dial.

14. The dial of the steam gage shall be graduated to not
less than one and one-half (1) times the maximum pressure
allowed on the boiler. -
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Attaching test gage.

15, Each boiler shall be provided with a one-fourth (%)

inch pipe size connection for attaching inspector’s test gage

when boiler is in service, so that the accuracy of the boiler
steam gage can be ascertained, as required by section 3,
chapter 465, Acts of 1907. :

- Water glass.

16, Tach boiler shall have at least one (1) water glass, -

the lowest visible part of which shall be above the fusible
plug and lowest safe water line.

Gage cocks, 15 pounds’ pressure, or less,

17. Each boiler shall have two (2) or more gage cocks, the
center of which shall be located vertically within the range
of the visible length of water glass, when the maximum
pressure allowed does not exceed fifteen (15) pounds per
souare inch, except when such boiler has two (2) water glasses,
loeated not less than three (3) feet apalt on the same hori-
zontal line.

Gage cocks, over 15 pounds’ pressure,

18. Tach boiler shall have three (3) or more gage cocks,
the center of which shall be located vertically within the
range of the visible length of water glass when the maximum
pressure allowed exceeds fifteen (15) pounds per square inch,
~ except when such boiler has two (2) water glasses located
not less tha,n three (3) feet apart, on the same horizontal line.

Feed pipe.

19. Each boiler shall have a feed pipe fitted with a check
valve, and also a stop valve or stop cock between the check

Q
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valve and the boiler, the feed water to discharge below the
lowest safe water line. Means must be provided for feeding
a boiler with water against the maximum pressure allowed

‘on the boiler.

Stop valve.

20. Each steam outlet from a boiler (except safety valve
connections) shall be fitted with a stop valve.

21. When a stop valve is so located that water can ac-
cumulate, ample drains shall be provided.

Damper regulator.

22. When a damper regulator is used, the boiler pressure
pipe shall be fitted with a valve or cock, and shall be con-
nected to the steam space of the boiler.

Lamphrey fronts.

23. Each boiler fitted with a Lamphrey Boiler Furnace
Mouth Protector, or similar appendage, having valves on
the pipes connecting the same with the boiler, shall have
these valves locked or sealed open, so that the locks or seals
will require to be removed or broken to shut the valves.

Valves on return pipes.

24. The main return pipe to a heating boiler (Gravity
Return System) shall have a check valve, and also a stop
valve between the check valve and the boiler.

25, When there are two (2) connected boilers (Gravity Re-
turn System), one (1) check valve and a stop valve shall be
installed in the return pipe to each boiler.
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Feed piping. ’ :

26. The feed pipe of a boiler shall have open end or ends,

When one or more globe valves arc used on a feed pipe, the

inlet shall be under the dise of the valve.

27. The feed water shall discharge about three—ﬁfths €
the length of a horizontal return tubular boiler from the
front head (except a horizontal return tubular boiler equipped
with an auxiliary feed water heating and circulating device),
and at or about the central rows of tubes above the tubes,
when the diameter of the boiler exceeds thirty-six inches
" (86"), and the pressure allowed exceeds fifteen (15) pounds
per square inch. The feed pipe shall be carried through the
-head-with a brass or steel boiler bushing, and seculely fus-
tened inside the shell above the tubes.

Blow-off on water column.

28. On each water connection to a water column, where
there is a right angle furn, there shall be located at least one

(1) gate valve and pipe of a diameter not less than one-half .

inch (4”) for the purpose of blowing out said water pipe.
This shall not apply to a right angle turn inside of smoke
box. :

Boiler showing longitudinal lap crack.

29. A boiler in which a longitudinal crack is dlécovered

in a shell plate at or near a longitudinal sedm shall ‘be im-

mediately discontinued from further service.

Smomion 3.
Horse power rating,

1. A boiler having one square foot of grate surface shall

be rated at three (3) horse power when the safety valve is
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set to blow at over twenty-five (25) pounds pressure per
square inch.

2. A boiler having two square feet of grate surface shall be
rated at three (3) horse power when the safety valve is set
to blow at twenty-five (25) pounds pressure per square inch,
or less.

SecrioN 4.
Annual internal ingpections.

1. The owner or user of a boiler which requires annual
inspection, internally and externally, by the- boiler inspec-
tion department or by an insurance company, as provided
by section 1, chapter 465, Acts of 1907, shall prepare the
boiler for inspection by cooling it down (blanking off connec-
tions to adjacent boilers, if necessary), removing all soot and
ashes from tubes, heads, shell, furnace and. combustion
chamber; drawing off the water; removing the handhole
and manhole plates; removing the grate bars from internally
fired boilers; and removing the steam gage for testing.

2. If a boiler has'not been properly cooled down, or other-
wise prepared for inspection, the boiler inspector shall decline
to inspeet it, and he shall not issue a certificate of inspection
until efficient inspection has been made.

3. In making the annual internal and external inspection,
as provided by sections 1 and 4, chapter 465, Acts of 1907,
the boiler inspector shall apply the hammer test to all in-
ternal and external parts of a boiler that are accessible.

4, All proper measurements shall be taken by the boiler
inspector, so that the maximum working pressure allowed
on a boiler will conform to the rules relating to allowable
pressures established by the Board of Boiler Rules; such
measurements to be taken and calculations made before a
hydrostatic pressure test is applied to a boiler.
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5. The steam gage of a boiler shall be tested and its read-
ings 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.

Smerion 5.
Annual external inspsctions.

1. The annual external inspeotion of a boiler, as provided
by section 3, chapter 465, Acts of 1907, should be made at
or about six (6) months after the annual internal inspection,
except in the case of a boiler that is in service a portion of
- the year only, in which ease the annual external inspection
shall be made during such period of service, ‘

2. The boiler inspector shall attach an accurate test gage
to a boiler,.to note the pressure shown by said: test gage,
and compare it with that shown by the boiler gage, ordering
the boiler gage repaired or replaced if necessary.

3. The boiler inspector shall see that the water glass, gage
cocks, water-column connections and water blowoffs ave
free and clear; also, that the safety valve raises freely from
its seat. S '

4. Tire 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 fusible plug; the boiler in-
spector to note conditions and order changes or repairs if
necessary.

~ SmcrIoN 6.
Hydrostatic pressure tests.

1. When"a boiler ‘is tested by hydrostatic pressure, the
pressure applied shall not be less. than one and one-quarter
(11), nor more than one and one-half (13) times the maximum
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allowable working pressure; except that twice the maximum
allowable working pressure may be applied on boilers per-
mitted to carry not over fifteen (15) pounds pressure per
square inch,

2. When making annual inspections on boilers constructed
entirely of cast iron with the exception of the connecting
bolts and nipples, a hydrostatic pressure test of not less than
fifteen (15) pounds, and not more than twice the maximum
allowable working pressure, shall be applied.

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

SEcTioN 7.
Efficiency of joint.

1. The efficiency that a unit of length of a riveted joint

has to the same unit of length of solid plate shall be calcu-
lated as shown by the following examples: —

T. 8.=tensile strength of plate, in pounds per square inch.

t=thickness of plate, in inches.

b=thickness of butt strap, in inches.

P =pitch of rivets, in inches, on row having greatest piteh.

d=diameter of rivet after driving, in inches.

a = cross-sectional area of rivet after driving, in square
inches. .

s=strength of rivet in single shear, as given in paragraph
b, section 1, Part IL. of these Rules.

S=strength of rivet in double shear, as given in paragraph
5, section 1, Part II. of these Rules.

¢=crushing strength of mild steel, as given in paragraph
4, section 1, Part IT, of these Rules.

Note., — ‘¢’ applies only to boilers constructed after February 5,
1910.

-
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n=number of rivets in single shear in a unit of ]ength of
joiut,

N=number of rivets in double shear in & unit’ of Iength of
joint,

Lap single-riveted

" 2. FBzample. — Lap joint, longltudma,l or circumferential,
single-riveted., :

fﬁt
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Fia. 2.

A =Strength of solid plate=PXtX'T, 8.
=8trength of plate between rivet holes= (P—d) tXT. 8.
C=8hearing strength of one rivet in single sheaf=nXsXa.
D=Crushing strength of plate in fr ont of one (1) rivet
=dXtXe.

Divide B, C or D (whichever is the least) by A, and the
quotient will be the efficiency of a single-riveted lap joint,
as shown in Fig, 2,
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T. 8.=55,000 pounds.
t=4"=.25".
P=15"=1.625".
d=14"=.6875".
a=,3712 square inches.
8=42,000 pounds.
¢=95,000 pounds.
A=1.625X.25X55,000=22,343.. -
B=(1.625—.6875) .25X55,000=12,890.
C=1X42,000X.3712=15,590.
D=.6875X.25X95,000=16,328.
12,890 (B)

22,343 (A) 576, Efficiency of joint.

Lap double-riveted.

3. Exzample. — Lap joint, longitudinal or circumferential, -

double-riveted.

A
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A =Btrength of solid plate=PXtXT. 8.

B=_8trength of plate between rivet holes= (P d) tXT. 8.

C=Shearing stlength of two (2) rivets in single sheal
nXsXa, .

D=Crushing strength of plate in front of two (2) rivets=
nXdXtXe.

Divide B, C or D (whichever is the least) by A, andb the
quotient will be the efficiency of a double riveted lap joint,
as shown in Fig,. 3,

T..8.=55,000 pounds.
' t=%%” 3125,
P 21 =2.875".
ah' 75/'
8= 4418 square inches.”
§=42,000 pounds.
¢=95,000 pounds:
A=2.875X.3125X 55,000=49,414. .
B=(2.875—.75) .3125X55,000=36,523.
C 2X42,000X 4418=37,111,
=2X.75X.3125X 95,000 =44,531.
w .739, Lifficiency of ]01111';

49414 (A)

Butt double-riveted.

4. Brample. — Butt and double strap Jom‘u double-riveted.-

A =Strength of solid plate PXtXT. 8.

B =Strength of plate between rivet holes in the outer row=
(P—d) tXT. 8. ‘

C==Shearing strength of two (2) rivets in double’ shezu, plus

' the shearing strength of one (1) rivet in single shear==
NXSXa-+nXsXa.
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D =8trength of plate between rivet holes in the second row,
plus the shearing strength of one (1) rivet in single
shear in the outer row= (P—2d) tX'T. S.--nXsXa.

E=Strength of plate between rivet holes in the second row,
plus the crushing strength of butt strap in front of one
(1) rivet in the outer row=(P—2d) tXT. S.-~dXbXe.

. F=Crushing strength of plate in front of two (2) rivets, plus
the crushing strength of butt strap in front of one 1)
rivet=NXdXtXc¢+nXdXxXbXe.

G=Crushing strength of plate in front of two (2) rivets, plus
the shearing strength. of one (1) rivet in single shear=

NXdXtXe+nXsXa.
1o s =
I P P
h‘““l:_"‘“—“——“‘“
D &, D
I ’{
i
o ;1;5{) O—O--O0—b 5\
O | ) /) Fah) m FanY
| A% A 7
I,I M f\"'
Oli_ 1\1) \/ L/
o) J
Traq. 4.

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, double-riveted, as shown in Fig,. 4,

1
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T. 8.=55,000 pounds. a/=.6013 square inches.

t=4§"=.375". §=42,000 pounds.
b=T%” 3125". §=178,000 pounds.
P=47"=4.875". ¢=95,000 pounds.
d=3%"=.875".

Number of rivets in- single shear in a unit of length of
joint=1.

Number of rivets in double shea1 in a umt of length ‘of
Jomt 2.

A=4.875X.875X55,000=100, 547.
B=(4.875—.875) .375X b5, 000 =82,500. co
C=2X78,000X.6013-1X 42,000X.6013 = 119,057,
D=(4.875—2 X .875) .375 X 55,000 4 1 X 42,000
X.6013=89,708,
- E=(4875—2 X 875) 375X 55,000-.875 X .3125
%X 95,000=90,429. =
- F=2X.875X.375 X 95,000 + 875X .3125 % 95,000 .
- =88,320.
G=2 X .875% .375 X 95, 000 +1X 42 OOOX 6013
=87,599.
82,500 (B) =,820, Efﬁclency of joint.

100,547 (A)

Butt triple-riveted. = .

5. Example. — Butt and double strap joint, triple-riveted.

A =Strength of solid plate=PXtXT. 8.
B =Strength of plate between rivet holes in the outer row
= (P—d)tXT. 8. '
C==8hearing strength of four (4) rlvets in double sheal ; plus ‘
the shearing strength of one (1) rivet in smgle shear
=NX8Xa+nXsXa.
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D =8trength of plate between tivet holes in the second row,
plus the shearing strength of one (1) rivet in single shear
in the outer row= (P—2d) tXT. S4+nXsXa.

I =Strength of plate between rivet holes in the second row,
plus the crushing strength of butt strap in front of one
(1) rivet in the outer row=(P—2d) tXT. S.4-dXbXe.

F=Crushing strength of plate in front of four (4) rivets, plus
the crushing strength of butt strap in front of one (1)
riveb=NXdXtXe+nXdXbXe. _

G =Crushing strength of plate in front of four (4) rivets, plus
the shearing strength of one (1) rivet in single shear
=NXdXtXe+nXsXa.

@ Py A AN
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£N £B) A rd Mt DL A /1
CTOTOTOTOTO O] O-HP-+P1<€
ala Il NI ATATATALAN LAAIAT,
ST OO TP TD \J/ D~-D-D-+D<
e I AN TN AN AT M| A
PTOTOTO—PTOTOTO—Pp DD
5 Vay Va yaiy yary ;
GB 2 ‘\g ) v v v C)
_____ T e e e

Fia. 5.

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 I'ig. 5.

T. 8.=55,000 pounds. a=.5185 square inches.

t=3"=.375". 8=42,000 pounds.
b=+ =.3125". 9 ="78,000 pounds.
P=6%"=6.5". ¢=95,000 pounds.

d=13"= 815",



36

Part II. — SmoTioN 7.

Number of rivets in single shem in a umt of length of ,

joint=1.

Number of rivets in double shear in a unit of length of

joint=4,

A=
B=

c

E=

F=

G=

117,304 (B)
134,062 (A)

653755 55,000=134,062.
(6.5—.8125) .375X 55,000= 117,304,

=4X"78,000X .5185-1<42,000X .5185= 183,549,
D=

(6.5—2X.8125).375 55,0001 X 42,000 X .5185
=122,323. -

(6.5—2 X .8125) 375X 55 000+ 8125 X 3125
X 95,000=124,667. ,

4 X 8125 X 375 X 95,000 + 1 X 8125 X .3125
% 95,000=139,902.

4 8125 X 375 X 95,000+ 1 X 42,000 X 5185
=137,558.

=875, Eﬂ‘iclency of ]omt.

Butt quadruple-riveted,

6. Example. — Butt and double strap joint, quadruple-

riveted.
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A =S8trength of solid plate=PXtXT. 8.

B=8trength of plate between rivet holes in the outer row=
P—d) txXT. 8.

C=Shearing strength of eight (8) rivets in double shear, plus
the shearing strength of three (3) rivets in single shear=
NXSXa+nXsXa.

D=8trength of plate between rivet holes in the second row,
plus the shearing strength of one (1) rivet in single
shear in the outer row=(P—2d) tXT. S.+nXsXa.

Ii=Strength of plate between rivet holes in the third row,
plus the shearing strength of two (2) rivets in the second
row in single shear and one (1) rivet in single shear in
the outer row=(P—4d) tXT. S.4+nXsXa.

TF=8trength of plate between rivet holes in the second row,
plus the crushing strength of butt strap in front of one
(1) rivet in the outer row=(P—2d) tXT. S.+dXbXe.

G=08trength of plate between rivet holes in the third row,
plus the erushing strength of butt strap in front of two
(2) rivets in the second row and one (1) rivet in the
outer row=(P—4d) tXT. S.4+nXdXbXe.

H=Crushing strength of plate in front of eight (8) rivets,
plus the erushing strength of butt strap in front of three
(8) rivets=NXdXtXe+nXdXbXe.

I=Crushing strength of plate in front of eight (8) rivets,
plus the shearing strength of two (2) rivets in the second
row and one (1) rivet in the outer row, in single shear=
NXdXtXcet+nXsXa.

Divide B, C, D, B, T, G, H or I (whichever is the least) by
A, and the quotient will be the efficiency of a butt and double
strap joint quadruple-riveted, as shown in Fig, 6.
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T. 8.=55,000 pounds. a,=,6903 square inches.
t=3"=5". - A §=42,000 pounds.
b= 1"(; "= 4375, - 8=178,000 pounds.
P=15", ¢=95,000 pounds.

d=15"=.9375".

Number of rivets in single shear in a unit of length of
joint=3.

Number of nvets in double shem in a unit of length of
joint=8.

A= 15><.5><55,000=412,500.
B=(15—.9375).5X 55,000 = 386;718.
C=8X178,000X.6903-+3X42,000X.6903=517,723.
D= (15 —2 X .9375).5 X 55,000+ 1 X 42,000 X .6903
=389,930. -
L= (15— 4X 9375).5 X 55,000+ 3 X 42,000 X .6903
=396,353.
— (15 — 2 X 9375) .5 X 55,000+ .9375 X 4375
- %95,000=2399,002. ‘
G=(15 —4 X 9375).5 X 55, 000+3X. 9375 X 4375
©%95,000 =426,269.
H=8X,9375X.5X 95,0003 X.9375X 4375 95,000
=473,145.
I=8 X .9375 X .5 X 95,000 + 3 X 42,000 X .6903
=443,229.
i————fg:;g 83 = .9?7 , Efficiency of jpint.

. Secrion 8.
Form of certificate.

1. The standard size of the certificate of inspection, as
authorized by section 26, chapter 465, Acts of 1907, shall
be eleven (11) inches in width and eight and one-half (8%)
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and shall be made up and worded in accord-

inches in length,

space having been provided for

the insertion of the State Boiler Inspection Department or the
name of the insurance company using the same:

ance with the following copy,
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Certificate not to be removed.

2. The certificate of inspection shall be posted under glass
in a conspicuous place in the eéngine or béiler room in which
the boiler specified therein is located; and it shall not be
removed therefrom unless the boiler or.its appendages become
defective, or a new certificate is issued, when it shall be
removed by a member of the boiler inspection department of
the district police, or an inspector holding a certificate of
competency as an inspector of steam boilers, as provided by
section 6, chapter 465, Acts of 1907.

-
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PART III

These Rules, in addition to the Rules contained in Part IT.,
apply to boilers installed after May 1, 1908.

Secrion 1.

Open-Hearth Botler-Plate and Rivet Sieel.
Process. ) .

1. Steel shall be made by the open-hearth process, and
will be considered as manufactured by the basic method
unless the report of test states that the acid method has been
used.

Steel plates and rivets.

2. All plates and rivets used in the construction of steel
shells or drums of boilers shall be as specified by the American
Society for Testing Materials.

Chemical Properties.
Chemical properties.

3. There shall be two (2) classes of open-hearth boiler
plate and rivet steel, namely, Firebox Steel and IExtra Soft
Steel, which shall conform to the following limits in chemical
" composition: —

o Firebox Exttra Soft
Steel Steel
(Per Cent.). (Per Cent.).

Acid, 0.04 Acid, 0.04
{ Basie, 0.03 Basic, 0.04
Sulphur shall not exceed . . . . . 0.04 0.04
Manganese, . NN . . .| 0:30 to 0.50 0.30 to 0.50

Phosphorus shall not exceed .
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Boiler rivet steel.

4. Steel for boiler rivets shall be of the Extra Soft clasg,
as specified in paragraphs Nos. 3 and 5 of this section.

Physical Properties.
Physical properties.

5. The two classes of open—hearth boiler plate and rivét
steel, — namely, Firebox Steel and Extra Soft Steel, — shall

_conform to the following physical qualities: —

Firebox Extra Soft
Steel, Steel,
Tensile strength, pounds per square inch, . | 52,000 to 63,000 | 45,000 to 55,000-
Yield point, in pounds per square inch, shall % T. 8. % T. S,
not be less than . v
Elongation, per cent in 8 inches, shall not be 26 - 28
less than .

Modiﬁcations in elonga.tion for thin and thick material. -

6. For material less than five-sixteenths (i) inch and
more than three-fourths () inch in thickness the following
modifications shall be made in the requirements for elonga~
tion; —

(¢) For each increase of one—elghth (¥) inch in thlckness
above three-fourths (2) inch a deduction of one (1) per-cent.
shall be made from the specified elongation.

(b) For each decrease of onc-sixteenth (i) inch in thick-
ness below five-sixteenths (n;) inch a deduction of two and
one-half (23) per cent: shall be made from the specified
elongation.
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Bending tests.

7. The two classes of open-hearth boiler plate and rivet
steel shall conform to the following bending tests; - and for
this purpose the test specimen shall be one and one-half
inches (11) wide, if possible, and for all material three-
fourths inch (3”') or less in thickness the test specimen shall
be of the same thickness as that of the finished material from
which it is eut, but for material more than three-fourths inch

37) thick the bending test specimen may be one-half inch
(3"") thick.

Rivet rounds shall be tested of full size as rolled.

(¢) Test specimens cut from the rolled material, as specified

above, shall be subjected to a cold bending test and also to .

a quenched bending test. The cold bending test shall be
made on the material in the condition in which it is to be
used, and prior to the quenched bending test the specimen
shall be heated to a light cherry red, as seen in the dark,
and quenched in water, the temperature of which is between
eighty degrees (80°) and ninety degrees (90°) Fahrenheit.

(d) Firebox steel and rivet steel, both before and after
quenching, shall bend cold one hundred and eighty degrees
(180°) flat on itself without fracture on the outside of the
bent portion.

Homogeneity tests.

8. For fire-box steel a sample taken from a broken tensile
test specimen shall not show any single seam or cavity more
than one-fourth (%) inch long in either of the three fractures
obtained on the test for homogeneity, as described in para-
graph No. 13 of this section.
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Test Pieces and Methods of Testmg

Test specimen for tensile test.

9. The standard test specimen of eight (8) inch gaged
length shall be used to determine the physical properties
specified in paragraphs Nos. 5 and 6 of this section. The
standard shape of the test specimen for sheared plates ghall
be as shown in Fig. 7.

For- other material the test spemmen may be the same as
for sheared plates, or it may be planed or turned parallel
throughout its entire length; and in all cases, where possible,
two opposite sides of the test specimens shall be the rolled

-surfaces. -Rivet rounds and small rolled bars shall be tested

of full size as rolled.

Number of tengile tests.

10. One tensile test specimen will be furnished from each
plate as it is rolled, and two tensile test specimens will be
furnished from each melt of rivet rounds. In case any of
these develops flaws or breaks outside of the middle third
of its gaged length, it may be discarded and another test

“specimen substituted therefor,

Test specimens for bending.

* 11. For material three-fourths (%) inch or less in thickness
the bending test specimen shall have the natural rolled surface
on two opposite sides. The bending test specimens eut from
plates shall be one and one-half (11) inches wide, and for

‘material more than thres-fourths (2) inch thick the bending

test specimen may be one-half (3) inch thick. The sheared
edges of bending test specimens may be milled or planed.
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The bending test specimens for rivet rounds shall be of full
gize ag rolled. The bending tests may be made by pressure
or by blows.

& .
N . PARALLEL_SECTION
—-8'—~» OITNOT LESS THAN 8" |
My .
b b b e B e
"1
IS H e,
"l
: e
————— e — i

Standard Test Specimen of 8" Gtaged Length, Piece to be of Same
Thickness as Plate. _

Fia, 7.

Number of bending tests.

12. One cold bending specimen and one quenched bending
specimen will be furnished from each plate as it is rolled.
Two cold bending specimens and two quenched bending
specimens will be furnished from each melt of rivet rounds.
The homogeneity test for fire-box steel shall be made on one
of the broken tensile test specimens.

Homogeneity tests for fire-box steel.

13. The homogeneity test for fire-box steel is made as
follows: A portion of the broken tensile test specimen is
either nicked with a chisel or grooved on a machine, trans-
versely about one sixteenth (Tl’g) of an inch deep, in three
places about two (2) inches apart. The first groove should
be made on one side two (2) inches from the square end of
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the specimen; the second, two (2) inches from it on the
opposite side; the third, two (2) inches from the last, and
on the opposite side from it. The test specimen is then put
in a vise, with the first groove about one-fourth (3) of an
inch above the jaws, care being taken to hold it firmly. The °
projecting end of the test specimen is then broken off by

means of a hammer, a number of light blows being used, and

the bending being away from the groove. The specimen is

broken at the other two grooves in the same way. The object

of this treatment is to open and render visible to the eye -
any seams due to failure to weld up, or to foreign interposed

matter or cavitics due to gas bubbles in the ingot. After

rupture, one side of each fracture is examined, a pocket lens

being used, if necessary, and the length of the seams and

cavities is determined. ’

¥ield point,

14. For the purposes of this ‘speciﬁca,tion the yiela point
shall be determined by the careful observation of the drop
of the beam or halt in the gage of the testing machine.

Sa.mple' for chemical analysis.

15. In order to determine if the material conforms to the
chemical limitations preseribed in paragraph No. 3 of this
section, analysis shall be made of drillings taken from a small
test ingot. An additional check analysis may be made from-
a tensile specimen of each melt used on an order, other than

_in locomotive fire-box steel. In the case of locomotive fire-
box steel a check analysis may be made from the tensile
specimen from each plate as rolled.
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Variation in Weight.
Variation in weight.

16. The variation in cross section of weight of more than

L per cent. from that specified will be sufficient cause for

rejection, except in the case of sheared plates, which will be
covered by the following permissible variations: —

(¢) Plates 124 pounds per square foot or heavier, up to
100 inches wide, when ordered to weight, shall not average
more than 2% per cent. variation above or 2 per cent. below
the theoretical weight; when 100 inches wide and over,
5 per cent. above or 5 per cent. below the theoretical weight.

(f) Plates under 124 pounds per square foot, when ordered
to weight, shall not average a greater variation than the fol-
lowing: — Up to 75 inches wide, 2% per cent. below the
theoretical weight; 75 inches wide up to 100 inches wide,
5 per cent. below the theoretical weight; when 100 inches
wide and over, 10 per cent. above or 3 per cent. below the
theoretical weight.

(9) For all plates ordered to gage there will be permitted
an average excess of weight over that corresponding to the
dimensions on the order equal in amount to that specified
in the following table: —

e




7 48
Parnr III_. — Smcrion 1.

Table of Allowances for Overweight for Rectangular Plates
' when ordered to Gage.

[Plates will be considered up to gage if measuring not over 1-100 inch less thxm
the ordered gage. The weight of 1 cubic inch of rolled steel is assumed to be
.2833 pound.]

Plates 1—4 Inch and Over in Thickness.

Wipra or Prarm,
Thickness of
Plate (Inch). Up to 75 Inches | 75to 100 Inches |- Over 100 Inches -
(Por Cent.), | (Per Cent.), (Per Cent.).
Y 10 T ;8
-6 - 8 . 12 16
% 7 10 13
%o 6 8 T
Y 5 7 9
He 44 614 8%
% 4 ¥ 6 8
Over 5% 3 | 5 o o4
Finish.

F1n1sh

17. All ﬁmshed material shall be free from injurious
surface defects and lamlnatlons, and must have a workman-
hke finish,

Plate M anufactm'er to stamp Plates and Heads.
Plates to be stamped. '

18. Each plate shall be distinctly stamped by the manu-
facturer with the heat number.
19. Each plate shall be distinctly stamped by the manu~
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facturer in at least five places in the following manner: At
the four corners, at a distance of about twelve (12) inches
from the edges, and at or near the center of the plate, with
the name of the manufacturer, place where manufactured,
brand and lowest tensile strength.

Heads to be stamped.

20. Each head shall be distinetly stamped by the manu-
facturer on each side with the name of the manufacturer,
place where manufactured, brand and lowest tensile strength;
stamps to be so located as to be plainly visible when the head
is finished.

Seorion 2. °

Material to be used.
Shell plates and heads.

1. Shells, drums, butt straps, heads, combustion chambers,
furnaces, or any plates that require staying or flanging, shall
be of Open-hearth Fire-box or Extra Soft Steel, as specified in
paragraphs Nos. 8 and 5, section 1, Part IT1. of these Rules.

Steam domes.

2. Steam domes shall only be allowed on a locomotive

type boiler, and shall be located on the barrel of the boiler-

when the top of the barrel is as high as or higher than any
other portion of the boiler shell, and on the wagon top only
when the wagon top is higher than the barrel.

Steam domes shall be made of the same quality of material
as the boiler shell.

When the pressure desired does not exceed one hundred
(100) pounds per square inch, the longitudinal joints of such
steam domes may be of double riveted lap construction when
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the diameter of the dome does not exceed thirty-six 1nches
(86"), and the flange shall be double riveted to the boiler
shell,

~When a pressure greater than one hundred (100) pounds
per squaré inch is desired, the longitudinal joints of such
steam domes shall be of butt and double strap construction,
and the flange shall be double riveted to the boiler shell.

" Heads of steam domes shall be convex, curved outward
from the shell.

‘When the opening in the shell to a steam dome is four
inches (4”) in diameter or larger, the opening shall be re-
enforced to compensate for the metal removed along the longi-
‘tudinal diameter of the opening. :

At least two (2) drain holes, thlee-quarters of an inch
(&) in diameter, shall be located in the ghell under a steam
dome, at the lowest point where water can collect, for the
purpose of draining. - '

Rivets.

3. Rivets shall be of Open-hearth Exira Soft Steel as
specified in paragraphs Nos. 3.and 5, section 1, Part III.
of these Rules.

Cast steel,

4. Cast steel for use in boiler and steam superheater mount-
~ ings, manhole framés, steam pipe, fittings, side lugs, or
any other parts of boilers or superheaters where cast steel
is used, shall not have less than ﬁfty thousand (50, OOO)
pounds tensile strength.

Cast iron.

5. Cast iron for use in. boiler mountings, steam pipe fittings,
side lugs, or any other parts of boilers where cast iron is
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permitted to be used, shall not have less than eighteen thou-
sand (18,000) pounds tensile strength.

Cross pipes and cross boxes.

6. Cross pipes connecting the steam and water drums of
water-tube boilers, and cross boxes, shall be of wrought or
cast steel when the working pressure exceeds one hundred
and sixty (160) pounds per square inch.

Mud drums.

7. Mud drums of water-tube boilers shall be of wrought
or cast steel when the working pressure exceeds one hundred
and sixty (160) pounds per square inch.

Superheaters.

8. Pressure parts of superheaters, attached to boilers or
separately fired, shall be of wrought or cast steel. Cast iron
for superheat is prohibited.

9. Boiler and superheater mountings, such as nozasles,
cross pipes, steam pipes, fittings, valves and their bonnets
shall be of wrought or cast steel when exposed to steam which
is superheated over 80° Fahrenheit.

10. Waterleg and door frame rings of vertical fire-tube
and locomotive type boilers shall be of wrought or cast steel,
or wrought iron.

Secron 3.
Stamps to be visible.

1. 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, specified in paragraphs 19 and 20, section 1,
Part III. of these Rules, so located as to be plainly visible
when the boiler is completed; ‘except that the tube sheets
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; of a vertical fire-tube boiler shall have a portion, at least, of

such stamps visible sufficient for identification when the
boiler is completed. '

" Application for authority.

. 2. A manufacturer who. desires to construct MASS STD

boilers shall send a written application to the Board of Boiler
Rules, and receive written authority from said Board before
taking any steps toward the construction of a MASS STD
boiler. A detailed list of shop equipment must accompany
the manufacturer’s application for such authority, also advice’
of the name of the insurance company authorized to inspect

 and insure steam boilers for this Commonwealth whose au-

thorized inspector will examine - during construction and
stamp MASS STD upon completion, a boiler constructed in
strict accordance with these Rules. Upon receipt of said-
application, the Board will designate the style of stamping
which it will approve, after the following model:

MASS STD
Tl
(Designation by Boar_d)'

The manufacturer shall then submit a five inch by three
ineh (5".x3”) brass of copper plate showing exactly the
style of stamping designated by the Board, for approval;
the height of letters and figures to be not less than one—fourth
inch ().

(a) Tach boiler ghall conform in every detail with the
Rules formulated by this Board and shall be distinctly
stamped with the words MASSACHUSETTS STANDARD,
abbreviated to read MASS STD, by a member of the boiler
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inspection department of the district police, or an inspector
holding a certificate of competency as an inspector of steam
boilers, as provided by section 6, chapter 465, Acts of 1907,
and who is not, directly or indirectly, interested in the man-
ufacture or sale of steam boilers, but in the employ of an
insurance compeny authorized to insure boilers in this Com-
monwealth. Each boiler shall be stamped by the builder,
in the presence of the inspeector, with a serial number and
with the style of stamping shown in fac-simile previously
approved by this Board.

Boilers in process of construction.

() Any inspector holding a commission or certificate of
competency as an ingpector of steam boilers for this Com-
monwealth may make final inspection and test on a boiler
built under rules of the Board of Boiler Rules of the Com-
monwealth of Massachusetts, provided the authorized manu-
facturer of said boiler, or his representative, makes aflidavit
under oath that said boiler has been so constructed, and
furnishes the record of a properly authorized inspector who
has followed the construction of the boiler.

(¢) The age of a MASSACHUSETTS STANDARD boiler
shall date from the time the final inspection is made; and the
year of such final ingpection shall be stamped by an authorized
inspector underneath the MASS STD stamp. .

Serial numbers.

3. In numbering serially, each builder shall commence
with the number one (1) and continue numbering in con-
secutive order.

Data reports.

4, A data i'ep01't, on forms to be furnished by the boiler
ingpection department of the district police, shall be for-
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. warded by the builder to the chief ingpeetor of such depal t-
ment for each boiler stamped MASS STD, before the boiler -
is shipped from the boiler shop, '

Location of stamps.

5. Location of stamps to be as follows: —

(¢) On Horizontal Return Tubular Boilers— on the
front head, above the central rows of tubes.

(b) On Horizontal Flue Boilers — on the front head, above
the flues,

(¢) On Locomotive Type or Star Wa,te1-tube Boxlers ~—on
the furnace end, above the handhole.

(d) On Veltlcal Tire and Vertical Submerged Tube Boilers
— on the shell, above the furnace door.

(e) On Wa.ter—tube Boilers, Babcox & Wilcox, Stlrlmg,
Heine and Robb-Mumford Standard Types —on a head
above the manhole opening, preferably on the flanging of
the manhole opening.

(f) On Vertical Boilers, Climax or Hazelton Type — on
the top head.

(g) On Cahall Vertical Water Tube Boilers — on the upper
drum, above the manhole opening,

(h) On Scoteh Marine Boilers — on the flont head, above
the centre or right-hand furnace.

() On Economic Boilers — on the rear head, above the
central rows of tubes.’

(§) For other types and new clesxgnfs —in a location to be
approved by this Board. :

Stamps not to be, covered.

6. The boiler builder’s stamp shall not be covered by in-
sulating or other material.
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Construction inspection.

7. All boiler shops in which boilers are constructed for
installation in this Commonwealth shall be open to the mem-
bers of the boiler inspection department of the district police
a and inspectors holding certificates of competency as inspectors
of steam boilers, as provided by section 6, chapter 465, Acts
of 1907, at all reasonable hours, for inspection of material,
methods of manufacture, workmanship and testing.

SrcrioN 4.
To determine maximum allowable pressure.

1. The maximum 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 stamped on the plates by the plate manu-
facturer, the efficiency of the longitudinal joint or ligament
between the tube holes, whichever is the least, the inside
diameter of the outside tourse, and a factor of safety of not
less than five (5), the formula being: —

'}'S'—Xfxﬁ=maximum allowable working pressure per
° RX? -8 square inch, in pounds.
T, S.=tensile strength of shell plates, in pounds.
t=minimum thickness of shell plates, in inches.
o, =efficiency of longitudinal joint or ligament
between tube holes, whichever is the least.
R =radius=one-half () the inside diameter of the
outside course of the shell or drum.
T.8.=5, the lowest factor of safety allowed on
boilers installed after May 1, 1908.

L
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When it is desired to construct a boiler of special mateual
the case shall be submitted to this Board for approval.

Nots. — The method of detelmmmg the efficiency of longitudinal
joint is given in section 7, Part II., and of determining the efficiency
of ligament between tube holes in the following paragraphs.

Ligament between parallel tube holes.

2. 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 follows: —

(o) When the pitch of tube holes on every row is equal the
formula is: —

p—d ... o
“\If)f =Efficiency of ligament.
=piteh of tube holes, in inches.
d=diameter of tube holes, in inches.

'Example.

D AA AN A A AN
NN ~\ NN PANVAND
—I5 —|edh | e—@‘jé « g5 e-é;’”» <—-J;-f$ <—.5'47"-$>
_C\f\/\/\f\f\f\f\
WJ w/ NPZANVARN Y \/ NIV,
LONGITUDINAL LINE. >

Fra, 8.

Pitch of tube holes in the drum of a Wﬂ.ter-tube boiler="

51 " 5 25//
Diameter of tube holes= 31"— 3.25".
p—d _5.25—3.25

=.38, Eﬁimency of 11gament
P 5.25
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(b) When the piteh of tube holes on any one row is unequal,
the formula is: —

P—nd

= Efficiency of ligament.

P=unit length of ligament, in inches.
n=number of tube holes in length, P.
d=diameter of tube holes, in inches.

Ezample.

DD N DA
NNV VAN VAN VAN W, ,\) &3
- 7 s|e— 83 —je- T Bl 637 sl 87 sle— 5_;2'—»'—&:;"9
DI DY AN AN TN Y
U\ WU\ \J/

/2" ——

LONGITUDINAL LINE. >

Fia. 9.

P—nd_12-2X325 458, Lfficiency of ligament,

P
Ezample.
A DD DD DD
N 3,\J NVAEN VRSN VAN VAN VANV
‘Sle— 67 —>e-‘5,a"'—><—-\5;{l—><—5§ ol G le— 53—)@5_?,7—)(—
MM D AN D
NN AN \J NP2 VRN VRN

293"

LONGITUDINAL LINE. >

TFra. 10.

P—nd _20.95~5X3.25

=444, Tfficiency of ligament.
P 29.25
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Ligament between diagonal tube holes.

3. When a shell or drum is drilled for tube holes in a line
diagonal with the axis of the shell o drum, the efficiency of
the ligameént between the tube holes shall be determined as
follows: —

A AN D
B-P-B-D

QIrth 1n0 —mcesameemnpy

Fm. 11,

j:Eﬁ‘iciency of ligament.

b , v . :

P=diagonal pitch of tube holes, in inches.

- d=diameter of tube holes, in inches. :
p=distance between rows of tubes, longitudinally.

~ Ezample. »

. Diagonal pitch of tube holes in the drum of a Wa,ter-tube
boiler=6.42".

- Diameter of tube holes=4",

Distance between rows of tubes, longitudinally =5.75".

 G42—4
5.75

= 42, Efficiency of hgament
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Staying heads H. T. boiler by steel angles. Pressure not to
exceed 100 pounds.

4. When the shell of a horizontal return tubular boiler
does not exceed thirty-six (36) inches in diameter, and is
designed for a maximum working pressure not to exceed one
hundred (100) pounds per square inch, the segment of head
above the tubes may be stayed by steel angles, or Tee bars,
the formula being: —

_
v
f=fiber stress= 16,000 pounds.

3
I=moment of inertia = ]91%
h=height of beam, in inches.
b =thickness of beam, in inches.

y=distance of most strained fiber=h-+2.
M =Dbending moment of beam.

Maximum bending moment for uniform load = WSE

W =weight to be supported, in pounds. |
L=Ilength of beam, in inches.

Staying heads 30 H. T. boiler.

Ezample A.— When steel angles are used, the head of a
horizontal return tubular boiler, thirty (30) inches in diameter,
designed for one hundred (100) pounds working pressure,
shall be stayed by two (2) four and one-half by three by
three-eighths (4% X3X 2) inch steel angles, as shown in Fig. 12,
or by other sized commercial steel angles the resistance of
which shall be equal to or greater than the maximum bending
moment.
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Distance from tubes to shell= 1337,
- Area to be stayed =143 square inches.
Load at 100 pounds pressure= 14,300 pounds.

WL _ ﬁéQng — 37,540 pounds.

8

Moment of inertia=I=1X4.55X$=2.85.
y=4.5+2=225,

T

Ty 16,000X2.85

2.25

= 20,266 pounds for one angle.

Resistance of one angle=20,266 pounds.
Resistance-of two angles=40,532 pounds.
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Staying heads 36/ H. T. boiler.

Example B.— When steel angles are used, the head of
a horizontal return tubular boiler, thirty-six (36) inches in
diameter, designed for one hundred (100) pounds working
pressure, shall be stayed by two (2) six by three and one-
half by one-half (6X31X3) inch steel angles, as shown in
Fig. 13, or by other sized commercial steel angles the re-
sistance of which shall be equal to or greater than the maxi-
mum bending moment.

——>1

23l 35l 23]— €

2.

e 253 2

[ /R
8

o

3

>

F16, 13,
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Distance from tubes to shell=153".
Area to be stayed =220 square inches,
Load at 100 pounds pressure=22,000 pounds.

YKSE - 22’00”—;)&22 = 74,250 pounds.

Moment of inei'tié— I=1s >< IX$=9.
y=6+ 2=
% =M= 1_6,0%&’ = 48,000 pounds for one angle.
Resistance of one angle=48,000 pounds.
Resistance of two angles=96,000 pounds.

Longitudiﬁa,yl‘ joints.

5. The longitudinal joints of a boiler, the shell or drum of
which - exceeds thirty-six (36) inches in dmmetel shall be
- of butt and double strap construction.

6. The longitudinal joints of a boiler, the shell or dlum of
~which docs not exceed thirty-six (36) inches in diameter, may
be of lap-riveted construction; and the faximum pressure
allowed on such shells or drums shall not exceed one hundred
(100) pounds per square inch. ’
7. Any form of longitudinal joint, othel than specified in
paragraphs 5 and 6 of this section, shall be submitted to this

Board for approval.
8. The longitudinal Jomts of homzontal retuln tubular

" boilets shall be located above the fire-line of the setting.

9. A horizontal return tubular, vertical tubular, or loco-
motive type boiler shall not have a continuious longitudinal
joint over twelve (12) feet in length.
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Longitudinal joints welded by forging process.

10. The efficiency of longitudinal joint of a shell or drum,
when welded by the forging process, shall not exceed the
following: —

55.0% when the shell plates are stamped 52,000 T. S.
54.09, when the shell plates are stamped 53,000 T. 8.
53.09, when the shell plates are stamped 54,000 T. S.
52.09%, when the shell plates are stamped 55,000 T. 8. -
51.19, when the shell plates are stamped 56,000 T\ 8.

NoTe. — 56,000 pounds will be the highest tensile strength used
in calculating the maximum allowable working pressure on a shell
or drum, the longitudinal joints of which are welded by the forging

process, this being irrespective of a higher tensile strength than

56,000 which may be stamped on the plates. The formula for cal-
culating the working pressure is given in paragraph 1, section 4,
Part III. of these Rules.

Thickness of shell plates.

11. The minimum thickness of plates used in the construc-
tion of a boiler shall be one-fourth (%) inch.

12. The minimum thickness of shell plates shall be as
follows: —

WueN THE DIAMETBR OF SHBLL IS —

' 1 Over 36" to 54" Over 54/ to 72"
86 or Under. Inclusive. Inclusive. Over 72",
%u 546" %,, %”

Thickness of butt straps.

13. The minimum thickness of butt straps shall be as
follows: —
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s Minimum . " Minimum
Thickness of s Thickness of :
Thickness of Butt Thickness of Butt
Shell Plates. Straps. Shell Plates, Straps, ?
%r) 7 %:/ . 1%2 " .7}16“,
%2 u %He"! TAe" -
9&[‘!) %" %l’ %II
11pg' u" u" n"
%ll Gliﬂ” %Il %I'
13/§ " 5/6.0" lu %N
,’AG” %II 1/[' %I'
1(}{12" %Il Iyll %U
}/2” ‘Tli(]"

Butt straps.

14, Butt straps shall be rolled or formed to the proper cur-
vature on forms made for that purpose.

Thickness of tube sheets.

15. The minimum thlckness of tube sheets shall be as
follows: — v .

WaeN TEHE DiaMeETER OF TUBB SHEBET 18 —

: Over 43" to 54" Over 54’ to 72 | y
42" or Under. Inclusive. . Inclusive. . Overma”,
34" ‘3&01: %u ! e

Dished heads.

16. The minilntlln thickness of a convex ‘head curved
outward from the shell shall be determined by the following

{
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. formula, excepting that said thickness shall not be less than

one-fourth inch (3): —

8.33 RXP
T. 8.

=t.

The minimum thickness of a concave head curved inward
to the shell shall be determined by the following formula,
excepting that said thickness shall not be less than one-fourth
inch (4"):—

8.33 RXP _
0.6 (T. S.)

. R=one-half the radius to which the head is dished.
8.33 =factor of safety.

P=working pressure, in pounds per square inch, for -

which the boiler is designed.
T. 8.=tensile strength, in pounds per square inch, stamped
on the head by the manufacturer,
t=thickness of head, in inches.

The radius to which the head is dished shall not be greater
than the diameter of the shell to which the head is attached.

The radius to which the curve shall be made close to the
flange on a concave or convex head shall not be less than
three (3) times the thickness of the material in the head,
and shall be measured on the concave side of head.

17. When a convex or concave head has a manhole open-~
ing, the thickness as found by the formula in paragraph 16
of this section shall be increased by not less than one-eighth
(}) inch. :
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18. When a convex or concave head has a manhole open-
ing, the flange shall be turned inward, and to a depth of not
-less than three (3) times the thickness of the head, mea,sured
from the outside of the bmlel

Stayed flat surfaces.

19, The minimum thickness of plates in stayed flat surface
construction shall be five-sixteenths () inch.

Ends of stay-bolts.

'20. The ends of stzty—bolts shall be riveted over or upset
by equivalent process. -

Pitch of stay-bolts.

21. The piteh allowed for stay-bolts on a flat surface and
on the furnace sheet of an internally fired boiler in' which the
external diameter of the furnace is over thirty-eight (38)
inches, except a corrugated furnace or a furnace strengthened
- by an Adamson ring or equivalent, shall not exceed that

- given in the following table: — ‘



67
Parr III, — Secrion 4.

Table of Maximum Allowable Pitch, in Inches, of Screwed
Stay-bolts, Ends Riveted Over.

Thickness of Plate.
PRESSURE,
1wy Pounps pER | B46” | %7 | He” | M | %" | %" | 1"
Square INcmH,
Maximum Pitch of Stay-bolts, in Inches,

100, N ] 634 7 A 814 - -
110, A R 7 634 | 734 84 - -
120, .. .| 4 374 6% % 7% 8% -
125, RN . 5 5% 634 7 G 834 -
130, .. .| 5 554 64 0% 754 84 -
140, N 5% 6 624 (64 8 -
150, A 't 72 54 5% 6% 7% 34 | . 8%
160, S L7 514 5% 64 | 624 w4 8
170, . L] 44 5 5% 624 634 (71 7%
180, R ] 4% 5% 6 6% % %
190, PR L 434 4% 5% 524 634 7 %
200, e | 84| 84| 84| | 64 634 7%
226, . . . 4% 4% 5. 54 6 6% 7
%0, . . .| 4 | @ | 84| 54| 84| 64 | o%
300, N 71 4% 4% 4% 6%4 374 614

When the maximum allowable piteh is five and one-half
(5%) inches or less, the stay-bolts adjacent to a furnace door
or other boiler fitting, handhole or other opening, may have
an inereased pitch of not over one (1) inch. |

When & pitch not exceeding eight and one-half (83) inches 1‘
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is required and is not given 1n the table, the following formula,
shall be used: —

S=\/o><(;+1>'2 +6, P 0(t+1)2 \/P(sz 0. 1

S =maximum pitch of stay-bol'bs, in inches.
C=a constant=66.

t=thickness of plate, in sizfeenths of an inch,

P =working pressure per square inch, in pounds.

Hollow stay-bolts.

When hollow stay-bolté are used, having the hole one-half
(%) inch in diameter or over, the maximum allowable pitch -
given in the above table may be. increased by the mean
-diameter of the stay-bolt: —

Mean diameter of stay-bolt

_ least outside diameter of stay-bolt -I—dlameter of hole in stay-bolt,
2.

Pitch of stay-bolts, V. T boilers.

22. An internally fired boiler, in which the external diam-
eter of the furnace is thirty-eight (38) inches or less; except
a corrugated furnace or a furnace strengthened by an Adam-
son ring or equivalent, shall have the furnace sheet sup-
ported by one row of stay-bolts, or more, the circumferential
pitch not to exceed that given in the following table, and the
minimum outside diameter of stay-bolts to be as given in
tables, paragraph 23 of this section.
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Pressuro, in Pounds per Square Inch,

THICKNESS OF 100 110 120 125 130 140 150 175
FurNACE SHEET.

Cireumferential Pitch of Stay-bolts, in Inches, not to

exceed —
WYL . . 84| 456 | 45 | 43 | 46 | 44 | 446 | 38
Ve, . . .| B | 54 | 5% | B 5 34 | ¥4 | 44

23. The longitudinal pitch between stay-bolts on the fur-
nace sheet of an internally fired boiler, in which the external
diameter of the furnace is thirty-eight (38) inches or less,
except a corrugated furnace or a furnace strengthened by
an Adamson ring or equivalent, shall not exceed that given
in the following tables, the formula being: —

Ct2\2 PV L Cte Ct?
(&), A G g
Pd) C dVL PAL

L=longitudinal pitch of stay-bolts, in inches, or one-half the
height. of furnace when only one circumferential row
of stay-bolts is required.

C=a constant=110.

t=thickness of furnace sheet, in thirfy-seconds of an inch.

P =working pressure per square inch, in pounds.

d =external diameter of furnace, in inches.

i
\
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External diameter
of furnace not
exceeding 20",

Pressure, in Pounds per Square Inch,

100 | 110 | 120

125 130

140 | 150 | 175

Longitudinal Pitch of Stay-bolts

exceea —

, in Inches, not to

Thickness of fur-
nace sheet 3£,

1034 | 8%

% | M

0% | 5% 4

12%

Diameter of stay-bolts over threads shall not be less
than three-fourths (34) inch,

s

External diameter

of furnace not

Pressure, in Pounds per Square Ingh,

140 | 150

oxceeding 26, 1000 | 110 | 120 | 125 | 130 175
Longitudinal Pitch of Stay-bolts, in Inches, not to-
. : exceed — .
Thickness of fur- | 7Y 6 Bl | 4% 434 - - -

nace sheet 14",

Diameter of stay-bolts over threads shall not be less
than three-fourths (34) inch. '

Thickness of fur-
nace sheet %"’

1434

16%% 1234

1134 | 1034

o | 8 | 84

Diameter of stay-bolts over threads shall not be less

than seven-eighths (74) inch,

External diameter of furnace not

exceeding 32",

Pressure, in Pounds per Square Inch,

100

110 120

126 | 130 140

Longitudinal Pitch of Stu}:i-bolta, in

Inches, not

to exceed —

Thickness of furnace sheet %4¢".

1134

94 | 8%

% 7 6

Diameter of stay-bolts over threads shall

== ~| not-be less than-seven-eighths.(4)-inch,
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Pregsure, in Pounds per Square Inch.

External diameter of furnace not
exceeding 38", 100 110 120 125 130

Tongitudinal Pitch of Stay-bolts, in
Inches, not to exceed —

Thickness of furnace sheet 5g". 834 7 5% 5% 5

Diameter of stay-bolts over threads shall
1ot be less than seven-eighths (%4) inch.

24. When a pitch of stay-bolts is required for a pressure
higher than given in the tables, paragraph 23 of this section,
the furnace sheet shall be stay-bolted as a flat surface, as
shown in the table, paragraph 21 of this section.

Measurement of height of furnace, V. T. boilers.

95. In a vertical fire-tube boiler the height of furnace shall
be measured from the center of rivets at the bottom of the
waterleg to the center of rivets in lower tubé sheet; and the
piteh of stay-bolts shall be measured at the furnace sheet.
The vertical pitch of stay-bolts, measured from the rivets
in the lower tube sheet to the first row of stay-bolts, shall
not be greater than the maximum allowable pitch of stay-
bolts.

Fia. 14,
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Longitudinal joint of furnace sheet, V. T. boilers,

26. When the longitudinal joint of the furnace sheet of a

vertical fire-tube boiler is of lap-riveted construction, a stay-

bolt in each row shall be located near the longitudinal join,
as shown in Fig, 14.

Staying segments of heads.

27. A segment of a head of a horizontal return tubular,
locomotive, Scotch or similar type boiler shall be stayed by
welded or weldless mild steel or wrought iron, head to head
or through, diagonal or crow-foot stays, except a horizontal
return tubular boiler, as provided in paragraph 4 of this
section. . :

Areas of gsegments of heads to be stayed. '

28. The area of a segment of a head to be stayed shall be
the area enclosed by lines drawn three (3) inches from the
shell' and two (2) inches from the tubes, as shown in Figs.
15 and 16 of these Rules.
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Table of areas of segments.

29. The following table gives the net area, in square
inches, of any segment of a head to be stayed, as shown in
Fig. 15.
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Formula to find area of segment.

80. When an area is required that is not given ih the table.
(para,graph‘29) , the following formula shall be used:-—

4 H”\/@ — 608 = Area of segment to be stayed, in square
g Y ' inches. .

H=distance from tubes to shell, minus five inches.
R=radius of boiler, minus three inches.

31. When a flat head has a manhole opening, the flange
of which is formed from the solid sheet and turned inward
to a depth of not less than three (3) times the thickness of
the head, measured from the outside of the boiler, an area

" two inches (2”) wide all around the manhole opening, as

_shown in Tig. 17, may be deducted from the total area of

head, including manhole opening, to be stayed.

O

Fia. 17.

Example.— To find an area 2 wide all around a 11X 15"
manhole, ' ’ :

15X 19" X 7854 =224 (nearly) square inches.
117X 157 X ,'7854 =130 (nearly) square inches,
s ANd:- 224~ 130=94 square.inches.- --
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Therefore, if the area to be stayed on the rear head, below
the tubes, of a seventy-two (72) inch horizontal return tubular
boiler is 374 square inches, the area to be stayed on the front
head, below the tubes, of this boiler, would be 374~ 94=280
square inches.

32. A horizontal return tubular boiler, having a manhole
below the tubes, shall have one or more stays on each side
of the manhole, the rear ends of which shall be attached to
the rear head of the boiler, and the front ends shall pass
through the front head and shall be secured with nuts, inside
and out. The center line of such stays at the front head
shall not be below the center line of the manhole. )

33. Stay rods shall not exceed three (3) feet in length when
serewed through the sheets and riveted over. Stay rods
longer than three (3) feet, such as are used for bracing the

"segment of a circle, shall not have less than .7854 square

inch cross-sectional aresa,

34. Flat surfaces other than segments of heads, and curved
surfaces other than as provided in paragraphs 22 and 23 of
this section shall be stay-bolted, or stayed by welded or
weldless mild steel or wrought-iron, head to head or through,
diagonal or crow-foot stays.

Load allowed on stay-bolts.

Exomple. — To determine the maximum allowable work-
ing pressure per square inch on stay-bolted flat surface, or
stay-bolted curved surface on furnace sheet over thirty-
eight (38) inches in diameter: —

Divide the load in pounds allowed on a given stay-bolt
by the net area supported by the stay-bolt, in square inches: —
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Pitch of stay-bolts=5"X5".
Outside diameter of stay-bolt=

’II/

Area, of a £ stay-bolt at bottom of thread =419 square inches.
Load allowed on a ¥’ stay-bolt-at 6,500 pounds per square

inch =2,724 pounds.

Net area supported by one stay-bolt=5"X5"=25— 419
(net area of stay—bolt) 24,581 square inches.
2,724 -+-24.581 = max1mum allowable pressure per square inch

=110 pounds.

Stays and stb,y-bolts.

35. The maximum allowable stress per square inch neb
cross-sectional area of stays and stay- bolts shall be as fol-

lows: —

MarERIAL AND TYPH,

Size up to and
including 114"
Diameter or

Equivalent Area.

Size over 134"
Diameter or
Equivalent Ares,

6,500 Ibs,

‘Weldless mild steel head to head or 8,000 1bs, 9,000 1bs.
through stays,

Weldless mild steel ciiagona,l or ecrow- 7,500 1bs. 8,000 1bs.
foot stays. :

Weldless wrought-uon head to head or 7,000 1bs, - 7,500 Ibs.
_ through stays

Weldless wmught-iron diagonal or 6,500 1bs. 7,000 1bs.

) erow-foot stays.

Welded mild stesl or wrought-iron 6,000 1bs, 6,000 lbs.
stays.

Mild steel or wrought-iron stay-bolts, 7,000 1bs.
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Specifications for stays and stay-bolts, tested material.

36. When a greater allowable stress per square inch on
stays and stay-bolts is required than that allowed in para-
graph 35 of this section, the material shall conform to the
following physical qualities: —

Tensile strength, pounds per square inch, shall not exceed . 62,000
Yield point, in pounds per square inch, shall not be less than % T. 8.
Elongation per cent. in 8 inches shall not be less than . . 28

and a certified report of test of such material shall be filed
with the data report required by paragraph 4, section 3,
Part III. of these Rules; and the maximum allowable stress
on such stays or stay-bolts shall be based on a factor of safety
of not less than six and five-tenths (6.5). -

Allowable load on stay-bolts.

37. Table of allowable loads on net cross-sectional area of
stay-bolts, V threads, twelve (12) threads per inch: —
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SR TR, | S, | Seient gt Fousdor i o
in Square [Square Inch.|Square Inch
Inches.
% 7500 6057 288 . 1,872 2,016
1844 8125 6682 361 2,282 2,457
% 8750 7307 ©.419 2,724 2,933
1544 9375 7932 . 494 3,211 3,458
1 1.0000 8557 575 3,738 4,025
e .| 1.0625 0182 662 4,303 4,034
14 1.1250 9807 55 | 4,908 5,285
1846 1.1875 1.0432 855 5,658 5,985.
1 “1.9500 | _ 1.1087 .960 6,240 6,720
196 1.3125 1.1682 1.07 6,068 | 7,504 .
14 | 13750 1.2307 1.190 7,735 8,330
1%¢ 1.4375 1.2032 1.313 8,636 9,101
14 15000 | 18887 | 1.444 038 | 10,108

The formula for diameter of sta,y-bolt at bottom of thread

being: —

D-(PX1.732) =d, or for 12 threads per mch
D —(.083331.732) =d, then
D—.1443=d.
D =diameter of stay-bolt over the threads.
P=npitch of threads=1y=.08333.
d=diameter of stay-bolt at bottom of threads.
1.732=a constant,.

When U, 8. threads are used, the fomhulé becomes; —

D

—(PX1,782X.75)=d.

#
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38. Table of allowable loads on net cross-sectional area

2

of stay-bolts, V threads, ten (10) threads per inch: —

© o SUSRITIIRG. | e, | etomat 0500 Founds7g0) Founds
in Inches. | Square |Square Inch.[Square Inch,
Inches.

14 1.2500 1.0768 011 5,921 6,377

1540 1.3125 1.1393 1.019 6,623 7,183

134 1.3750 1.2018 1.134 7,371 7,938

1% 1.4375 1.2643 1.2556 8,157 8,786

1% 1.5000 1.3268 1.382 8,983 9,674

1% 1.5625 1.3893 1.515 9,847 10,605

126 1.6250 1.4518 1.655 10,757 11,585

39. Table of allowable loads on net cross-sectional area
of circular stays or rectangular stays of equal cross-sectional

area. —
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: | Net Allowable Stress, in Pounds per Square Inch
‘ Net Cross-sectional Area.

.. Cross- s

ot |t T '

Cirecular Stay, é!;?; ?lfl 6,000 Bl B 000 i 500 B R
’

in Inches.
' Isfme Allowsble Load, in Pounds, on Net Cross—

seotional Area.

1 1.0000 | .7sse| 47z | 5,105 | 5498 | 5801 | 6,283 -
Bt | 10635 |. 8866 | 5320 | 5763 | 6200 | 6,680 7088\ -
1 1% 1.1260 | - .0040 | 5,084 | 6,461 | - 6,068 | 7,455 | 7,952 -

16 | 1.8 | 11075 | 6,645 | 7,100 [ 7,783 | 8,306 | 8,860 -
1% 1600 | 12272 w363 | 7,077 | 8500 | 9,204 93818 -
tohe | 1.5125 | 1.9530 | s,us | 8705 | 9,471 | 10,148 | 10,824 | 12,077
13 13760 | 1.48490 | 8,000 | 0,652 | 10,304 | 11,187 | 11,879 | 13,364
Whe | 1.4375| 1.6280 | 9,738 | 10,550°| 11,361 | 12,178 | 12,984 | 14,607
134 | 1.5000 | 1.7671 | 10,608 | 11,486 | 12,370 | 13,253 | 14,187 | 15,004
,; 1956 | 1.56257  1.9175 | 11,505 | 12,464 | 13,423 | 14,381 | 15,340 | 17,258
" 1% 1.6250 | 2.0730 | 12,443 | 13,480 | 14,517 | 15,654 | 16,501 | 18,665
W34 | 1.6876 | 2.2365 | 13,419 | 14,537 | 15,056 | 16,744 | 17,802 | 20,120 -
13 17500 | 2.4053 | 14,432 | 15,63¢ | 16,837 | 18,040 | 10,242 | 21,648
1134,.| 1.8125 | 2.5802 | 15,481 | 16,771 | 18,081 | 19,352 | 20,642 | 23,222 -

1% 1.8750 2.7612 | 16,667 | 17,948 | 19,328 | 20,709 | 22,000 | 24,851
11844 1.9375 2.9483 | 17,600 | 19,164 | 20,638 [ 22,112 23,586 26,535
: 2 2.0000 3.1416 | 18,850 | 20,420 | 21,991 | 23,662 | 25,183 | 28,274
:‘ 2% 2.1260 3.5466 | 21,280 | 23,053 | 24,826 | 26,600 28,373 | 31,919 ‘

2% 2.3750 |  4.4301 { 26,580 | 28,706 | 31,011 | 33,220 | 35,441 | 39,871
214 2.5000 | 4.9087 | 29,452 | 31,907 | 34,361 | 36,815 | 39,270 | 44,178
254 2.6250 | 5.4119 | 32,471 35,177' 37,883 40,589 | 43,206°| 48,707
23 .| 2.7500 |  5.9396 | 35,638 | 38,607 | 41,677 | 44,547 | 47,617 63,456
2% 2.8750 | 6.4918 | 38,951 | 42,107 | 45,443 | 48,680 | 51,934 | 53,420
] 3.0000 | 7.0686 | 42,412 45.946 49,480 | 53,015 | 56,549 | 63,617 .

2 2.2500 3,9761 | 23,857 | 25,845 | 27,833 | 29,821 | 81,809 | 35,785
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Drilling of stay-bolts.

(a) All stay-bolts, except those in vertical boilers having
furnaces not exceeding forty-four inches (44”) in diameter,
shall be drilled from the outside end to a depth of not less
than one-half inch (3”) inside the boiler plate, and drilled
to a diameter not smaller than three-sixteenths inch (%'/).

(b) Hollow stay-bolts with a hole not less than three-
sixteenths inch (+%’") diameter, and undrilled flexible stay-
bolts of a design approved by this Board, may be used.
If a hole larger than three-sixteenths inch (%) is used, this
hole shall be deducted from the cross-sectional area of the
stay-bolt at the base of the thread, in computing the allowable
load on stay-bolts.

Cast-iron nozzles.
40. The minimum thickness of cast-iron nozzles shall be
determined by the following formula: —

Pdf | 5,

28

P =working pressure, in pounds per square inch.

d=inside diameter of nozzle, in inches.
f=factor of safety=12.

S=ultimate tensile strength of cast-iron, not less than eight-
een thousand (18,000) pounds per square inch, as
required by paragraph 5, section 2, Part III. of these
Rules.

.5=a constant.

t=thickness of nozzle in inches.
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Ezxample. — Find the required thickness of a cast-iton
steam nozzle six (6) inches in diaméter for a working pressure
of one hundred and fifty (150) pounds.

150X6X12

+.5=.8", Thickness of nozzle.
2% 18,000

Cast-iron‘bla.nk ﬂa,nges.

"41. The thickness of cast-iron blank flanges shall not be less
than specified by the manufacturers’ standard for high
pressure. '

Riveting.

42. On Iong;itudinél joints, the distance from the center

‘of rivet hole to the edge of the plate, except rivet holes in

the ends of butt straps, shall not be less than one and one-
half (1%) times the diameter of the rivet hole.

43. Rivet holes, except for attaching stays or angle bats
to heads, shall be drilled full size with plates, butt straps and
heads bolted up in position; or they may be punched not to

‘exceed one-fourth (%) inch less than full size for plates over

five-sixteenths ({%) of an inch in thickness, and one-eighth
(%) of an inch less than full size for plates not exceeding
five-sixteenths. (%) of an inch in thickness, and then drilled

“or reamed to full size with plates butt straps and heads

bolted up in position.

44. Rivets shall: be of sufﬁment length to completely fill
the rivet holes and form a head equal in strength to the
body of the rivet.

45. Rivets shall be machine driven, Whewvel possxble w1th
sufficient pressure to fill the rivet holes, and shall be allowed
to cool and shrink under pressure.
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Calking.

46. The calking edges of plates and butt straps shall be
beveled. Calking shall be done with a round-nosed tool.

Planing of plates.

46a. The calking edges of plates and butt straps shall
be planed not less than one-eighth of an inch (3”/), to remove
the distorted edges of the plates.

Tube holes.

47. Tube holes shall be drilled full sizé, or they may be
punched not to exceed one-half (3) inch less than full size,
and then drilled, reamed or finished full size with rotating
cutter,

48. The edges of tube holes shall be chamfered to a radius
of about one-sixteenth (%) inch.

Tube ends fire-tube hoilers.

49. A fire-tube boiler shall have the ends of the tubes sub-
stantially beaded.

Tube ends water-tube boilers and superheaters.

50. The ends of all tubes, suspension tubes and nipples
shall be flared not less than ome-eighth (%) inch over the
diameter of the tube hole on all water-tube boilers and
superheaters.

51. The ends of all tubes, suspension tubes and nipples
of water-tube boilers and superheaters shall not project
through the tube sheets or headers less than one-fourth (%)
inch nor more than one-half (3) inch. Separately fired super-
heaters shall have the tube ends protected by refractory
material where they connect with drums or headers.
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Fusible plug in a tube.

" 2. When it is necessary to place a fusible plug in a tube,
‘an extra thick tube shall be provided for that pmpose which
shall not be less than three-sixteenths of an inch (fﬁ”), or
number nine. (No. 9) gage. - » .

Opening in shells drums o heads to be re-enforced.

53. An opemng; in a boiler for a threaded pipe connectmn
one inch in diameter or over (except water column connec-
tions) shall not have less than the minimum number of
tlnea,ds in such opening, as shown in the followmg table: — -
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If the thickness of the material in the boiler is not sufficient
to give such number of threads, there shall be a standard
commercial pressed steel flange, cast steel flange or .steel
plate, substantially riveted to the boiler, so as to give the
required number of threads. A feed pipe connection may be
fitted with a brags or steel boiler bushing,.

Caat steel.

" 53a. Steel c‘a,stingé shall conform to the CLASS—B speci-
fications of the AMERICAN SOCIETY FOR. TESTING
MATERIALS.

Ma.nholes and gizeg.

_ 54, An elliptical manhole opening shall not be less than
" eleven by fifteen (11X 15) inches in'size,
A circular manhole opening shall not be less than ﬁfteen
(15) inches in diameter,
A variation of one-half (%) inch in the above dlmensmns
will be allowed.
55. There shall be a manhole in the upper part of the shell
or head of a fire-tube boiler over forty (40) inches in diameter, -
except a vertical fire-bube boﬂel

Manhole frames.

56. A manhole frame shall be of wrought or cast steel,
and have a net crogs-sectional area, on a line parallel to the
axis of the shell, not less than the cross-sectional area .of
shell plate removed on the same line.

57. Manhole frames on shells or drums shall have the
proper curvature, and on boilers over forty-eight (48) inches
in diameter shall be riveted to the shell or drum with two
rows of nvets, whlch may be pltched as shown in Flg 18.
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The strength of the rivets in shear shall not be less than the
tensile strength of the shell plate removed, on a line parallel
to the axis of the shell, through the center of the manhole.

Bearing surface for manhole gasket.

574, There shall not be less than eleven-sixteenths of an
inch (31") bearing surface for manhole gaskct

58. The strength- of manhole plates, yokes and bolts shall
be in proportion to the strength of the manhole frames.

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

Location of manholes and handholes.

60. A manhole shall be located in the front head, below
the tubes, of a horizontal return tubular boiler sixty (60)
inches or over in diameter. ¢

61. A manhole or handhole shall be located in the front
head, below the tubes, of a horizontal retirn tubular boiler
less than sixty (60) mches in diameter,

62. A handhole shall be located in the rear head of a hori-
zontal return tubular boiler, below ‘the tubes, except one
which has a manhole in the front head, below the tubes.

63. A locomotive type boiler shall not have less than six (6)
handholes, located as follows: —

One (1) in the rear head, below the tubes.

One (1) in the front head, at or about the line of the crown
sheet.

Tour (4) in the lower part of the waterleg.

Also, where possible, one (1) near the throat sheet.

64. A vertical fire-tube boiler, except the boiler of a steam
fire-engine, shall not have less than seven (7) handholes,
located as follows: —

Two (2) in the shell, at or about the line of the crown sheet,

nd equally spaced.
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* One (1) in the shell, at or about the line of the fusible
plug, except a vertical fire-tube boiler having a manhole in
the shell or head, through which the fusible plug is accessible.

Two (2) in the shell, at the lower part of the waterleg.
and equally spaced.

Fia. 18,

Two (2) located at or about the waterline of the boiler, and
equally spaced, except a vertical fire-tube boiler havmg a
_manhole.

65. A vertical fire-tube boiler of a steam firc-engine shall
not have less than three (3) brass washout plugs of not less
than one (1) 1nch pipe size, screwed into the shell and located

 as follows: —
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One (1) at or about the line of the crown sheet.

Two (2) at the lower part of the waterleg.

66. There shall not be less than one (1) inch of solid plate
in the clear, inside and out, around a handhole opening in
a boiler; except that on a stay-bolted surface seven-sixteenths
(7%). inch thick or over, there shall not be less than one-half
(3) inch of solid plate in the clear, inside and out, around a
handhole opening.

Method of supporting H. T. boilers.

67. A horizontal return tubular boiler over seventy-eight
(78) inches in diameter shall be supported, independent of
the boiler side-walls, from steel lugs by the outside suspended
type of setting; where three (3) supports are necessary on
each side of a boiler, an equalizer shall be used.

68. A horizontal return tubular boiler over fifty-four (54)
inches in diameter, and up to and including seventy-eight
(78) inches in diameter, shall be supported by the outside
suspended type of setting, or by not less than four (4) steel
or cast-iron brackets on each side, set in pairs.

69. A horizontal return tubular boiler up to and including
fifty-four (54) inches in diameter shall be supported by the
outside suspended type of setting, or by not less than two
(2) steel or cast-iron brackets on each side.

Supporting lugs or brackets.

70. Supporting lugs or brackets shall have the proper
curvature and be securely riveted to the shell; the shearing
stress on the rivets not to exceed eight (8) per cent. of the
allowable shearing strength given in paragraph 5, section 1,
Part II. of these Rules.




92

_Panr III. — Snomion 5.

Re-enforcing plates where brackets are attached.

70a. In all cases where brackets or other fixtures subjected
to any working strain are attached to a portable boiler, the
plates to which these brackets are attached may be re—enfm ced
with plates of the same thickness as the outer plates of the
boiler, and securely riveted together. The outer rows of
rivets attaching re-enforcing plates to boiler must be at least
three inches (3") outside of the bracket. All brackets shall
be properly fitted to the plates, flat or curved, with stud
holes drilled to suit the holes in the brackets, whlch must be
drilled to templates; and the studs attaching same shall be
tapped through both plates where re-enforced. No tap bolts
will be allowed. When shell plates are not less than one-
half inch (3*) in thickness throughout the re-enforcmg plates :
referred to may be omitted.

Height of grate.

71. The upper smface of the ﬁre—glate of an internally fired
boiler of the open bottom locomotive, vertical fire-tube or
similar type, shall not be below the water space in the water-
leg, except where the rivets at the bottom of the waterleg
are protected from the action of the fire and products of
combustion,

‘ Wet-bottom boilers.

72. Wet-bottom boilers shall have a cleal space of not less
than twelve (12) inches between the bottom of the boiler
‘and the fioor line.

SEC’I‘ION 5.
Safety valves on steam pipes.

1A sé,fety valve shall not ‘be connected to an internal
___pipe placed in the steam space of a boiler,
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Safety valves on superheaters.

2. When a superheater can be. shut off from the boiler,
whether attached or separately fired, it shall have an ample
safety valve at or near the steam inlet.

Stop valves.

3. Tlach steam outlet from a boiler which is over two (2)
inches in diameter (except a safety valve connection) shall be
fitted with a stop valve or valves of the outside screw and
yoke type, located as near the boiler as practicable.

4. The stop valve or valves on the main steam pipe of a
boiler shall be extra heavy when the pressure allowed exceeds
one hundred (100) pounds. The fittings from boiler up to the
valves shall be extra heavy, made to the manufacturers’
standard for high pressures.

5. T'wo (2) stop valves of the outside screw and yoke type,
with an ample valved drain between them, having an open
discharge, shall be placed on the main steam pipe of & boiler
set in battery, when the pressure allowed on any boiler in the
battery exceeds fifteen (15) pounds.

Pipe threads.

6. The minimum number of threads that a pipe or nipple
shall screw into a fitting is given in the following table: —
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Feed pipe of H. R. T. boiler without manhole opening.

7. When a horizontal return tubular boiler, the diameter
of which does not exceed thirty-six inches (36”’), has no man-
hole opening, and the pressure desired is greater than fifteen
(15) pounds per square inch, the feed pipe shall enter the front
tube sheet above the tubes, and below the water line of the
boiler, through a bushing, and an internal feed pipe, not
less than three feet (3') in length, screwed into said bushing,

" the end of said pipe being open.

Superheater drains.

8. All superheaters shall be fitbed with drains from headers
or drums where water of condensation can collect.

Cast-iron sections.

9. The sections for a cast-iron boiler shall be tested by
hydrostatic pressure to not less than sixty (60) pounds per
square inch before being assembled.

Feed-water discharge.

10. Feed water shall not discharge in a boiler in close
proximity to riveted joints in shell or furnace sheets.

Valves on feed piping.

11. When boilers of fifty (50) horse power or over are.set
in battery, each boiler shall have two (2) stop valves, or a
stop valve and stop cock, on the feed pipe, one (1) on each
side of the check valve.
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Feed-water appliances.

12, When a pump, inspirator or injector is required to
supply feed water to a boiler of over fifty (50) horse power,
more than one such mechanical appliance shall be provided.,

Temperature of feed.

13. The temperature of the usual feed water entering a
boiler, except the boiler of a steam fire-engine, shall not be
~ less than one hundred and twenty degrees (120°), when the
pressure allowed exceeds fifteen (15) pounds per square inch.

Surface blow-off. = v

14. The maximum size of a surface blow-off pipe shall not -
exceed one and one-half (13) inches, and it shall be carried
through the shell or head with a brass or steel boiler bushlng,
or the opening re-enforced.

Bottom blow-off and fittings,

15. Each boiler shall have a bottom blow-off pipe, fitted
with a valve or cock, in direet connection with the lowest
water space practicable; the minimum size of pipe and fit-
tings shall be one (1) inch and the maximum size shall be two .
and one-half (2%) inches. Globe valves shall not be used. »

16. A bottom blow-off cock shall have the plug held in
place by a guard or gland. The end of the plug shall be
distinctly marked in line with its passage.

17. When the pressure allowed on a boiler exceeds fifteen
(15) pounds per square inch, the bottom blow-off pipe and
fittings, from the boiler to the valve or valves, shall be extra
heavy.

18. When the pressure allowed on a boiler exceeds one
hundred (100) pounds per square inch, the bottom blow-off
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pipe shall have two (2) valves, or a valve and a cock; and
such valves, or valve and cock, shall be extra heavy.

19. A bottom blow-off pipe shall be protected from the
products of combustion by a fire-brick casing; substantial
cast-iron removable sleeve, or covering of non-conducting
material.

20. An opening in brickwork for a blow-off pipe shall be-

fitted with an ample cast or wrought iron sleeve, to provide
for free expansion and contraction.

Clean-out doors.

21. The minimum size of a clean-out door and opening to
be placed in a boiler setting shall be twelve by sixteen inches
(127X16"), or equivalent area, twelve inches (12”) to be
the least dimension in any case.

Water column pipes.

22. The minimum size of pipes connecting the water
column of a boiler shall be one (1) inch.

23. The water connection to the water column of a boiler
shall be of brass, when the allowable pressure exceeds fifteen
(15) pounds per square inch,

24. The steam connection to the water column of a hori-
zontal return tubular boiler shall be taken from the top of

shell or the upper part of head; the water connection shall be -

taken from a point not less than six (6) inches below the
center line of the shell.
25. No connections, except for damper regulator, feed-

water regulator, drains or steam gages, shall be placed on

the pipes connecting a water column to a boiler.
26. When shut-off valves are placed on the pipes connecting

a water column to a boiler, these valves shall be of the straight-
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way outside .serew and yoke type, and shall be locked or

 sealed open. ,

‘ 27. No water glass connection shall be ﬁtted with ah auto—

. matlc shut—off valve, -

’ Stea.m mains.

28 Provision shall be made for the expansion and cons
traction of steam mains connected to all boilers, with sub-
stantial anchorage at suitable points, that there may be no
perceptible vibration on the boiler shell plates. -

29. Steam reservoirs shall be used on steam mains when
heavy pulsations of the steam culrents cause vibration on the.
boiler shell plates

o _ SmcrION 6.
Ogee form of congtruction.

1. The ogee form of constructlon at the lower end of fur-
nace sheet is her eby prohibited.

Portable boilers. : . s

2. A portable boiler which has been used in this Common-

1 wealth and removed therefrom, which does not conform in

+every detail with the rules of construction formulated by
this Board, and has been previously inspected by a member
of the boiler inspection department of the district police, or
by an inspector of an insurance company authorized to insure
steam boilers in this Commonwealth, may be inspected and

‘ a certificate of inspection issued if relocated 1n thls Com—

< monwealth.




99
Parr III, — Smctron 6.

Boilers in State on or before May 14, 1909, can be reinstalled.

Section 1, chapter 393, Acts of 1909, provides that: “A
boiler in this Commonwealth at the time of the passage of
this act, which does not conform to the rules of construe-
tion formulated by the board of boiler rules may be installed
after a thorough internal and external inspection and hydro-
static pressure test by a member of the boiler inspection de-
partment of the district police, or by an inspector holding a
certificate of competency as an inspector of steam boilers, as
provided by section six of chapter four hundred and sixty-five
of the acts of the year nineteen hundred and seven, and
employed by the company insuring the boiler. The pressure
allowed on such boilers is to be ascertained by rules formulated
by the board of boiler rules.” (Approved May 14, 1909.)

Factors of safety.

3. The lowest factors of safety to be used in calculating
the maximum allowable pressure on boilers which were in
this Commonwealth on or before May 14, 1909, and which
are not MASSACHUSETTS STANDARD, or which have

not been inspected, if hereafter installed, shall be as follows: — .

(@) Six (6) for boilers, the longitudinal joints of which are
of lap-riveted construction, diameters up to and including
thirty-six inches (36").

(b) Eight (8) for boilers, the longitudinal joints of which
are of lap-riveted construction, diameters over thirty-six
inches (36").

(¢) Five (5) for boilers, the longitudinal joints of which are
of butt and double strap construction, age not exceeding
ten (10) years.

(d) Five and five-tenths (5.5) for boilers, the longitudinal
joints of which are of butt and double strap construction,
age over ten (10) years.
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The hydrostatic pressure test on such boilers shall be one
and one-half (13) times the maximum allowable pressure
obtained by using thé above factors of safety. B

All rules and parts of rules inconsistent herewith are hereby
repealed. :

Approved.

SAMUEL W. McCALL,
Governor.

Jory 11; 1917.
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INDEX TO STEAM BOILER RULES.
[ A, .
. Page  Par. Sect. Part
Acid method, open-hearth steel, . . . . 41 -3 1 3
Adamson furnace, . . . 66 21 4 3
Age of MASS STD boiler to date from ﬁnu.l in- i
! spection, . . , . 53 2@ 3 3 /|
i Allowable loads on Btay-bolts, table of . . . 79-81 37,38 4 3
: loads on stays, table of, . . . . . 82 39 4 3 |
stress on stays and stay-bolts, . . . 78 35 4 3 i
Angles on H. R. T. boiler heads, 36" or less dmmetet, . 59 4 4 3 |
Annual external inspection, . . . . 28 -4 5 2
inspection of cast-iron and pipe bol]ers, . . 29 2 6 2
internal inspection, . . 27,28 1-5 4 2
v Application for authority to construct MASS STD .
boilers, . . . . . 52 2 3 3
Area of grate, horse pnwer mtmg. . . 26,27 1,2 2
grate surface, table of, for safety valves not,
spring-loaded, . . 9 6 1 1
grate surface,-table of, for sprmg-loa.ded safet,y
valves, bevel scats, . 15 3 2 2
grate surface, table of, for spnng-lou.ded safety
valves, flat seats, . . . , 17 3@ 2 2
head, having manhole, to be sta,yed, . . . 76 31 4 3
rivets, table of, P . . PN 12 6 1 2
segment, formula for, . . . . . 76 30 .4 3
segment, to be stayed, . . . . . 72 28 4 3
) segments, table of, . . . .. T78,T4 29 4£ 3
Automatic shut-off valves, not allowed on water glass, 98 27 5 38
B.
o Basio method, open-hearth steel, . . . 41 -3 1 3 |
Beading tubes, . . . 8B 49 4 3
Bending tests, cold and quenched of steel, . . 43 7 1 3
Bending test specimens, . . e . . 44,45 11,12 1 3
Bevel geat safety valves, . . . . . 14 3 2 2 '}
Blank flanges, thickness of, . . . . . 84 41 4 3 §
Blow-off on water column, . . . . . 26 28 2 2 J
Blow-off pipe, . . . . . . . 9 7 1 1 |
pipe and fittings, . . . . . ,96,97 1420 5 3 |
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: Page
Board of Boiler Rules, to approve fn,esmrule of stamp, 52
to approve location of stamp, . . . . 54
to approve special longitudinal joints, N . 62
to approve special material, . . . 56
- Boiler, builder’s stamps not to be covered RN b4
builder’s stamps, location of, . . PN 54
bushing, for feed-pipe connection, . - . . 86-88
bushing for H. R. T, boiler feed-pipe connection, ~, 26
bushing for surface blow-off’ connect,lon, . . .96
horse power rating, . . . . . . 26, 27
in State before May 14, 1909, . . . . 99
inspector to stamp boilers, . . 52
manufacturer to repor('. MASS STD boﬂers, . 53
portable, . . . .. . . 98
shops, open for mspectlon. . 55
showing longitudinal crack, to be dmcontmued
from further service, . .. . . 26
to be prepared for inspection, . . . 27
to be stamped MASS STD, . . > ., - B2
wot-bottom, distance from floor line, . .92
Boilers in process of construction, . . . .. B8
" set in battery,e . . . . . 93,94
set in battery, e . ' . 95
" Brackets, to support H. R. T. bmlers, . . . 91
Butt and double-strap joints (see Jomts)
Butt straps, material of, . . . . 49
table of thickness of, . . . . .- 63
to be rolled, or formed, . . . . . . 64
C. .
Calking, . . . . 85
Cast-iron boiler, hydrosbatm pressure tost of, . . 29
maximum pressure nllowed on, . . . 10
sections to be tested, . . . . . 95
Cast-iron brackets, ‘ . . . . ' 91
flanges, . . . . 84
headers, maximum pressute allowed on, ., . 10
nozzles, . . . . . IR 83
tensile strength of, . . . o . . 50
Cast steel, . . . . . . . . 88
Certificate of inspection, standard form of, . . 39
to be posted, . . . . . . 40
to be removed by mspector, R . . . 40
to be withheld, .. . . . . R 27

Par. Sect. Part
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Page  Par. Sect. Parb

Check valve on feed pipe, . . . . . 24 19 2 2
on return pipe, . . . . . . 25 24,26 2 2
Chemical analysis of steel, . . . . . 46 5 1 3
properties of steel, . . . . . . 41 3 1 3
Circular manhole opening, . . . . . 88 54 4 3

Circumferential joints (see joints).

Clean-out door in setting, . . . . . 97 21 5 3
Cock (see valves).
Cold bending specimens, number of, . . . 45 12 1" 38
test of ateel, . . . . . . 43 7 1 3
Combined area of safety vulves, . . . . 18 6 2 2
Combustion chambers, material of, . . . 49 1 2 3
Connected boilers, safety valves not spung-loaded, . 8 5 1 1
safety valves spring-loaded, . . . . 13 2 2 2
Connections, safety valve, . . . . . 18 7T 2 2
water column, . . . . . . 97 2325 b5 3
Construction inspeetion, . . . bb 7 3 3
Contraction of steam mains, provlslon {or, . . 98 28 b5 3
Convex and concave heads, . . . . . 064-66 16-18 4 3
Corrugated furnace, . . . . . . 66 21 4 3
Crack in boiler, longitudinal, . . . . . 26 20 2 2
Crushing strength of mild steel, . . . . 10 4 1 2
applied to joints, . . . . . . 29 1 7 2
Curved surfaces to be stayed, . . . . 77 34 4 3
D.
Damper regulator, connect to steam space, . . . 25 22 2 2
connected to water column, . . . . 97 25 b5 3
Data report, boiler manufacturers, . . . . 53 4 3 3
Diagonal tube holes in shell or drum, . . . 58 3 4 3
Dial of steam gage, . . . 23 4 2 2
Diameter of fusible metal in fusnblc plug, . . 19 0 2 2
rivet holes, old boilers, . . . . . 6 4 1 1
Direct spring-loaded safety valve, construction of, . 19 9 2 2
Dished heads, . . . . . . 64 16 4 3
. District police lock-pop safety valve, . . . 10 3 1 2
Domes, steam, . . . . . . 49 2 2 3
Door frame ring, mu.terlal of, . . . . . 51 10 2 3
Door in setting, minimum size of, . . . . 97 21 5 3
Drains from stop valves, . . . . . 25 21 2 2
from superheater, . . . . . . 95 8 5 3
Drilling rivet holes, . . . . . . 84 43 4 3
staybolts, . . . . . . . 83 3% 4 3
tube holes, . . . . 85 47 4 3
Drum or shell, Iongltudmu,] Jomts of (sea Jom'cs)
material of, . . . . . . . 49 1 2 3
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. Page . Par; Seot. Pm-t

Edge of plate to center.of rivet, N . . 84 42 4
Efficiency of ligament, between tube holes, . . 56 -~ 2
between diagonal tube holes, . . . . 58 3
. Efficiency of riveted joints, to caleulate, . . . 20-38 1-6
;‘ Elbow on escape pipe, . . . PN . 18 7
Elliptical manhole, size of, . . N . 88 54.
Elongation, modifications in, . . . 42 6
stays and stay-bolts, tested mabcrml . . 79 36
of steel, . . . . R . . 42 5

End of feed pipe, to be open, .. . . . . 26 26
Ends of stay-bolts, to be riveted over, . . . 66 20
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; stays, below tubes, . . o . . 77 32
tubes, fire-tube boilers, . Lo . N 8 - 49
! tubes, water-tube boilers, and superhenter . 85 50,51 -
_‘ " Equalizer, to support H. R. T. boilers, . . . 91 67
' Esecape pipe, from safety valve, . . . 18 7
Expansion of steam mains, provision for, . . . 08 28
External inspection, annual, . . . . . 28 1-4
Extra heavy fittings on blow-dﬂf, . . . . 96 17,18
stop valves and fittings, . . . . . 93 4
Extra soft steel, properties of, . . . . 41,42 3,5
rivets, . . . . 50 3
Tixtra thick tube, for fusible plug, . ... 86 52
-t F, .
3 Factor of safety, for new boilers, . . . . 55 1- 4 3
- stays and stay-bolts, tested material, . . 79 36 4 8
Factors of safety, for old butt joint boilers, . . 6 ‘3 .1 1
for lap joint boilers, . . . . 13 7 1 2 .
old boilers, if hereafter mstalled, . . . 99 3 6 38
Feeding against maximum pressure, . .t 24, 19 2 2
: Feed pipe, ends to be open, . . . . . 26 26 3 2
; fittings on, . . L. 24 19 2 2
1 of H. R. T. boiler w1thout mﬂ,nhole, . . .9 7 5 8
‘ valves on, ‘ . . . IR . 95 11 5 3
. Feed water, discharge, .. . . . . . 24 190 2. 2
discharge clear of joints, . . . . R 95 10 5 8
, discharge in H. R..T, boiler, . . . . 26 27 2 2
3 regulator, connection to, . . . PN 97 25 b 3
: TFeed water, supply apparatus, . . P . -96 12- 5 3
temperature of, N N . . . 96 13" 6 3
Figure 1, fusible plugs, . . . PR ..ooo21 - - -

2, lap ‘joint, longitudinal or circumferential,
single-riveted, . : . RN . 30 -
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Tigure 3, lap joint, longitudinal or circumferential,

double-riveted,
4, butt and double-strap ]omb double-uveted
5, butt and double-strap joint, triple-riveted, .
6, butt and double-strap joint, quadruple-

riveted, . . . . .
7, standard test specunen, .
8, tube holes in sghell or drum, Bqual pltch

9, tube holes in shell or drum, unequal pitch,

10, tube holes in shell or drum, unequal pitch, .

11, diagonal tube holes in shell or drum, .
12, staying head, 30" H. R. T. boiler, .
13, staying head, 36" H. R. T. boiler, .

14, location of stay-bolts on furnace sheet,

V. T. boiler, .
15, area of head to be stayed, .
16, area of head to be stayed, .

. . .

17, area of head, having manhole, to be stayed,

18, riveting of manhole frame, . .
Finish of material, . .
Fire-box steel, for shells, drums and butt stmps,

properties of, . . .

Fire-brick casing, for blow-off plpe, . .
Fire grate, height of, . .
Fire-tube boiler, manhole in, . . .
Flange, of manhole opening, . . . .
Flanges, cast-iron, thickness of,

reinforcing, thickness and material of,

TFlat seat spring-loaded safety valves, . .
Flat surfaces, to be stayed, . .
Floor line, distance from, to wet—bottom boxler,
Forging process, welded joints, .
Formula, for area of safety valve,

for area of segment, . . .

for bending moment of beam, . .

for diameter of stay-bolts at bottom of thread
for efficiency of ligament between tube holes,

for efficiency of ligament between diagonal tube

holes, .

for longitudinal pltoh stay-bolts, fumnce 38"
or less, . . .

for pitch of stay-bolts, ﬂut Smfaae, . .

for pressure on a shell or drum, . .

for pressure on a shell or drum, .

for thickness of cast-iron nozzles, . .
for thickness of convex and concave heads,
Furnaces, or flanged plates, material of, . .

Page

Par. Seot. Part

N N N N N Y L Y L L C e

-~

(SN T

WWWLNWWWNWWWWWWwwwew !l |

[°

[=U< RSV U U




108

Page . Par. Seoct. P'm't

Turnace sheets, stamps to be visible on, . S 51 138 38
ogee form at lower end, prohibited, .. -~ . . 98 - -1 6 3
Fusible plug, in a tube, , . . . . . 86 52 4 3
} Fusible plugs, location of, . . . . . 19-23 12. 2 2
’ material of, . . . . . - . 19 10-'2 2
| specifications for, . . . . . . 19-21 10,11 2 2
G.
Gage cocks, . N o . . . 24 17,18 2. 2
, QGage, inspector’s, eonnectlon for, . . . . 24 15 2 2
= inspector’s, to be attached, . . . . 28 2 5 2
steam and connections, . . . RN 23 3.2 2
| steam, dial of, . e ... .28 4 2 2
: steam, testing of, . . . . . N 28 5 4 2
; Gasket, bearing surface for, . . . . . 8 57(@ 4 8
Globe valve, not to be used on blow-off, .. . . 96 15 &5 8
. on feed pipe, . . . . R . . 26 26 3 2
Grate, height of, . . . . 92 71 4 38
| surface, table of, for safety valves not spring—
loaded, . . 9 6 1 1
'; surface, table of,. for bevel sen,t safety valves .
] spring-loaded, . : 156 3 2 2
surface, table of, for flat seat safcty valves S
; spring-loaded,” . . . . . e 17 8@. 2 2
. Gravity return system, valves on, . .. . .25 24,25 2 2
, . . H. )
' Hammer test, of boilers, . . . . . 27 3 4 2
§ Handhole, solid plate around, - . . . 91 66 4 3
 Handholes, in H. R."T. boiler, . . © . 89 6,62 4 -3
in locomotive type boiler, . PN . 89 63 4 3
‘ in vertical fire-tube boiler, * . . . . 89 64 4 3
. Headers, cast-iron, . . . . 10 2.1 2
‘ Heads, area of segments to be stayed . . . 72 28 4. 3
f convex and concave, . . P . 64-66 16-18 4. 3
: material,of, . . . . . . . 49 - 1.2 3
segment$ of, to be stayed, . N . 72 27 . 4 3
stamps to be visible, . . PR . 51 1 38 3
to be stamped, . . . . A 49 2001 3
: to be stayed below tubes, . . . . 76 31 -4 3
; Heating boilers, return connections, . . . 256 24,26 2 2
‘ Heat number, on plates, . . 48 :.18 1 3
Height of furnace, V. T. boiler, measul‘ement of . 71 25 4 3
Hollow stay-bolts, . . . . N 68 21 4 3
4 3

drilling of, . [ . . . . 83 39 ()
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Page  Par. Seet. Part

Homogencity tests, . . . . . . 43 .8 1 3
for fire-box steel, . . . . 45 B 1 3 |
Horizontal return tubular boilers, 36” or [ess, stay- |
ing heads of, . . . 59 4 4 3
feed pipe entrance, w:thout mﬂ.nhole, . . 95 7 6 38 |
location of feed-water discharge, . . . 26 27 3 2 ;
longitudinal joints, to be above fire-line, . . 62 8 4 3 |
manhole below tubes, . . . . . 89 60 4 3 ‘
manhole or handhole below tubes, . . . 89 61,62 4 3 |
maximum length of joint, . . . . 62 9 4 3 |
method of supporting, . . . . . 91 6769 4 3 i
staying heads of, . . . . . 72 27 4 3 |
staying heads of, below t.ubes, . . . . 76,77 31,32 4 3 |
water column connections, . . . . 97 2¢ 5 3 3
Horse power rating, . . . . . . 26, 27 1,2 38 2 |
Hydrostatic pressure test, . . . . . 28,29 -3 6 2 i
on sections of cast-iron boiler, . . . 95 9 b5 3 | ;
Hydrostatic test, old boilers, if hereafter mstalled . 99 3 6 3 |
|
|
r |
Inspection, certificate, standard form of, . . . 38 1 8 2 J |
certificate to be posted, . . . . 40 2 8 2 i
certificate, to be removed by mspector, . . 40 ‘2 8 2 |
Inspection, certificate to be withheld, . . . 27 2 4 2 | i
external, . . . . . . . 28 14 5 2 |
internal, . . . . . . 27,28 -5 4 2 |
of cast-iron or pipe bonlers, . . . . 29 2 6 2, H
Inspector’s test gage connection, . . . . 24 15 2 2 f |
Inspirator or injector, used to feed boiler, . . 06 12 5 3 1‘ |
Internally. fired boiler, 38" furnace or less, circum- ‘ }
ferential stay-bolting, . . . . 68 - 22 4 3 3
38/ furnace or less, longitudinal stn.y-boltmg. . 69 23 4 3 | }
Internal pipe, in steam space, . . . . 92 1 5 b
Iron, oast (see cast iron). l
rivets, shearing strength of, . . . . 10-13 56 1 2 |
wrought, tensile strength, old boilers, . . 8 2 1 1 l |
wrought, stays and stay-bolts, . . . .78-83 35-30 4 3 |
wrought, waterleg and door frame rings, ." . 51 10 2 3 1 ‘
3. |
Joints, butt and double-strap, factor of safety for, . 6 3 1 1
butt and double-strap, factors of safety for, . 99 3 6 3 |

butt and double-strap, required on shell or drum
over 36" diameter, N . . . . 62 - 5 4 3
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Page  Par. Sect. Part
Joints, butt and double-strap, double—rwetcd ex~ . T

] ample of, . . ) .82 4.7 2
3 . butt and double—stmp, trlple-rweted, exwmple of, 34 5 7 2
butt and double-strap, quudluple-mveted, ex-

} ample of, . . . . . . . 36 6 7 2
calking of, . . . : 85 46 4 3
lap-rweted allowed on. shell or drum not over - .

36" diameter, . . . . J 62 6 4 3
lap-riveted, factors of safety for, P H 13 7 1 2

} lap-riveted, factors of safety for, . o 99 3 6 38

lap, single-riveted, longitudinal or mrcumferem .

- tial, example of, , . . 30 2 7 2
lap, double-riveted, longltudmal or clrcumferen-

tial, example of, . . . . 31 3-7 2

: longitudinal, location of rivet holes on, . 84 42 - 4 8

; longitudinal, of furnace, V. T, boxler, to be stay-

‘ bolted, o 72 26 4 3

S longitudinal, of H. R T, boﬂer, to be above ﬁre ’

| line, . . ] 8§ 4 3
longitudinal, maximum Iength of . . 62 9 4 3
longitudinal, to be submitted to the Board for

approval, . .-, . . . .. 62 7 4 3
welded by forging process, . . . . 63 10 4 3

: L.. .

~ Lamphrey fronts, valves on, . . . . . 25 .23 2 2

- Lap-riveted joints (see joints).

~ Laying out shell plates, furnace sheets and heads, . 51 1-3 8

. Ligament between tube holes, in shell or drum, . 56-68 2,3 4 3

;‘ Load allowed on stay-bolts, example of, . . . W 8 4 3

~ Location, of fusible plugs, . B B B . 20-23 12 .2 2
of MASS STD stamps, . O PR 54 . 5 3 3
of plate manufacturer’s sta.mps, . . . 48,49 18-20 1 3

~ Locomotive type boiler, handholes in, . . . 89 63 4 3

open-bottom, height of grate, . . . . 92 71 4 3

; maximum length of joint, . Lo .62 9 4 38

; staying heads of, . ‘ . . . . 72 27 .4 3

i waterleg and door frame rings, . . . B 10 .2 38

Longitudinal erack boiler to ‘be d1scontmued from T oo .
further service, . . f . . 26 20 2 2

Longitudinal joints (see mmts) :
Lugs, to support H. R. T, boiler, . . . . . 91 67-70 . 4 3

M@in steam pipe, stop valves on, ‘ B ' 93 4,5 b
~ Manganese, allowable in steel, . . . . 41 3 1
. Manhole, below tubes, H. R. T. boiler, . . . 89 60-62 4




R

111

Manhole, below tubes, H. R. T. boiler, staying of, .
frame, material of, . . . . . .
frame, riveting of, . . . . . .
gasket, bearing surface for, . . .
in any fire-tube boiler, over 40" dmmeter . .
openings, minimum sizes of, . . . .
plates, material of, . .

plates, yokes and bolts, strengbh of, .
MASSACHUSETTS STANDARD stamp, on boﬂers,

MASSACHUSETTS STANDARD stamp of age at -

final inspection, . . .
Measurements to be taken, by boﬂel mspcctor .
Modifications in elongation, . . .

Mud drums, material of, . . . . .
N.

Nozzles, formula for, . . . . . .
Numbers, serial, . . . .
0,

Ogee form of construction prohibited, . . .

Open-hearth steel, . . . . . . .

Openings, to be reinforced, . . . .

Qutside screw and yoke valves, on ﬂtemn pipe, .

on water column, . . .

Overweight of plates, table of u.llowa.nce for .

P.
Phosphorus allowable in steel, . . . .
Physical properties of steel, . . . .
Pipe, bottom blow-off, . . . . .
bottom blow-off, and ﬁttmgs, . . . .
feed, aud fittings, . . . . . .
in steam space, . B . B . B
main steam, valves on, . .
or nipple, number of threads mbo ﬁtf,mg, . .
surface blow-off, and fittings, . . .
water column, and fittings, . . . .
Pitch of stay-bolts, . . . .

Plate manufacturers to stamp plates and heuds, .
Plates, minimum thickness of, in a boiler, - . .
minimum thickness of, stayed flat surface, .

planing of, . . . . .
reinforcing, where br acketq are attuched . .
Portable boilers, . . . . . . .

Preparing boiler for inspection, . ' . .

Par. Scot. Part
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: i : Page  Par. Sect, Part
Pressure, allowed on boiler fitted with D. P, safety - e

: valve, . . ' . : 10 .83 1 2
i allowed on cast-iron boxler, . . . 10 1 1 2
1 allowed on cast-iron headers, . . [ 10 2 1 2
1 allowed on shell or drum, formuls for, . . 5 1 11
allowed on shell or drum, formula for, . . 55 1 4 3
parts of superheaters, material of, . . . 51 8 2 3
Pump, to supply feed water, . . . . . 96 12 5 38
: . B Q. . :
: Quenched bending test of steel, ., . . N 43 .7 1 3
‘3 specimens, number of, - . . . . . .45 12 1 3
R. .
" . Reinforced openings in shells, drums or heads, . . .86 5 4 3
: Reinforcing plates whete brackets are attached, . 92 70@ 4 8-
: Reservoirs, on steam mains, . . . . . 98 20 5 38
 Return pipe, valves on, . . . . . .2 24,2 2 2
] Riveting, . . . . . s 84 42-45 4 3
: Rivet rounds, testmg of . . . . . 43 7 1 38
’ Rivets, allowsblo shearing strength of, B . 10 5 1 2
: old boilers, diameter and cross-sectional area of, . 6 4 1 1
A in shear on lugs or brackets, . . . H 91 70 4 - 3
" in shear on manhole frames, . C . 8 . BT 4 3
| material of, . . . . . . . 50 3 2.3
‘§ steel, properties of, . ~ . . .. . . 41,42 3-5 1 38
: table of shearing strength, . . d 12 6 1 2
Rules, inconsistent, repealed, . . . . 100 - - -
- -
: ) 8.
Safety valve, connections, . . . . N 18 6,7 2 2
construction, . . . . . . . 19 89. 2 2
: district police lock—pop, . . . . . 10 3 1 2
| formuls for, . . . . . . 18 4 2 2
: not allowed on internal plpe, . , . . 92 1 5 '8
‘ on superheater, . . . ' . . 93 2 b 3
required on hoiler, . . . . . .13 1 2 2
. test of, , . . . .28 3 5 2
: Safety valves, not spring-| Ioaded size of, . . . 8 5 1 1
: not Bprmg—loaded table of grate ares for, . ' 9 6 1 1
] spring-loaded, size of, ~ . : 13 2 2 2.
spring-loaded, table of grate area for (bevel sea,t), 15 3 2 2
spring-loaded, table of grate area for (flat seat), 17 8 @ 2 2
Scotch type boiler, staying heads of, W . . 27 4 38
Sections of cast-iron boiler, to be tested, . . . 9 b5 3

[
i




Segment, formula for, . . . . . 76 30
of head, area to be stn,yed L. . . 72 28
of head, to be stayed, . . . . . 72 27
Segments, table of, . . . . . . 73 20
Serial numbers, . . . . . 53 3
Shell or drum, longitudinal Jmnts of . . . 62 57
material of, . . . . 49 1
to determine allowable pressure on, . . . 5 1
to determine allowable pressure on, . . 56 1
Shell plate, thickness of, . . . . . 63 11,12
Shut-off valves on water column pipes, . . . 97 26
Solid plate around handhole opening, . . . 91 66
Specification for cast steel, . . . . . 88 653 (a)
fusible plug, . . . . . . . 19,20 10,11
steel, . . . . . 41,42 1-5
Stamping age of MASS STD bmler, . . 53 2 (c)
Stamping boiler, MASSACHUSETTS STANDARD 52 2 (a)
Stamps, MASS STD, location of, . . . . 54 5
required on plates and heads, . . . 48,49 18-20
to be visible on shell plates, furnace sheets and
heads, . . . . . . . 51 1
Standard test specimen, . ' . 44 11
Stay-bolted surface, to compute allcwable pressure on, 77 34
Stay-bolts, adjacent to furnace door, ete., . . 66 21
adjacent to furnace joint, V. T. boiler, . 72 26
drilling of, . . . . P 83 39 (a)
ends of, . . . . . . . . 66 20
hollow, . . . . . . . 68 21
hollow, drilling of, . . . . . . 83 39 (b)
pitch of, . . . . . 66-71 21-25
tables of allowable load on, . . 79-81 37,38
Stay-rods, ends riveted over, maximum lengt.h of . Yid 33
Stayed flat surface, minimum thickness of, . . 66 19
Staying heads, . R. T. boiler, 36" or less diameter, 59 4
Stays and stay-bolts, allowable stress on, . . 78 35
tested material, . . . . . 79 36
Stays below tubes, . 77 32
Stays, table of allowable loud on, . . . 82 39
Steam domes, . . . . 49 2
Steam fire-engine, wns].\out plugs, . . “ 90 65
Steam gage and connections, . . . . 23 13, 14
Steam mains, anchorage of, . . . . . 98 28
reservoirs on, . . P . . . 98 29
Steel, cast, tensile strength of, . . . . 50 4
chemical and physical properties of, 41, 42 3, 5
crushing strength of, . 5 . . 10
lugs and brackets, . . . . . . 91 67—69

manhole frames and plates, . . . .

88,89 56-59
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. - Page  Par. Sect, Part
Steel, manufacturer to stamp plates and heads, . 48,49 1820 1 3

: rivets, shearing strength of, . . . . 10-18 56 1 2
stays and stay-bolts, . . . . . 7882 35-39 4 3
‘ tensile strength, old boilers, . . . . 5 2 1 -1
3 weight of, per cubie inch,. . . 47 16 1 3
} wrought or cast, for boiler and superheuter parts 51 6-10 2 .3
, Stop valves (see valves), :
‘ Sulphur, allowable in steel,, . . . . .. 41 3 1 8
: Superheater, drains, = . . R . .95 8 5 38
: safety valve on, . . . . . . 93 2 b5 38
“ tubes and nipples, - . . . . . . 8 50,561 4 3
Superheaters and mountings, . . P . . 51 89 2-3
Surface blow-off, . . . 96 14 5 3.
j Suspended type of settmg H. R T, bmlers. . p 91 67-69 4 3
? ) T.
; T bars (see angles). i
: Table, allowable loads on stay-bolts, 12 threads per
inch, . . 80 37 4 38
_allowable loads on stay—bolts. 10 threa,ds per R
' " inch, . . . . . 81 38 4 3
l allowable loacls on stays, . . . . 81 3 4 3
' allowances for overweight of plntes, . . . 47 16 1 3
- ares, of rivets, . . . . . ST 4 11
} area, of segments, . . . 73 20 4 3
‘ circumferential pitch of stay-bolts, 38” or less
: furnace, - . 68 22 4 3
- - grate surfaces for spung-loaded snfety valves.’
; bevel seats, . 15 3 2 2
grate surfaces for sprmg-loaded safety va.lves, :
flat seats, . - 17 3G 2 2.
grate surfaces for safety valves, not 9prmo-loaded 9 6 1 1
long:tudmal pitch of atay-bolts, 38" or less fur- .
nace, » - . . 69 23 4 3
maximum allowable pltoh of stay-bolts, . . .66 21 4 3
s minimum thickness of butt straps, . . 63 13 4 38
1 number of threads of pipe or nipple into ﬁttmg. . 93 6 5 3
shearing strength of rivets, . 12 6 1 2
thickness of boiler material required fol‘ tllreaded
pipe connections, . . . . 53 4 38
, Temperature, for quenched bendmg test,,, . . 7 1 38
* of feed water, . . . . . . 13 5 3
: of superheat, .. . - . . . . 9. 2 -3
Tensile strength, of cast iron, . . . . 4 5 2 3
of cast steel, . . . B . .4 2 3
of steel or wrought iron, old boxlers, e 2 1 1
‘ of steel, range of, . . . N 5 1 3
... BU0Y8 0d stay- _lta,ﬁgat,g,é,}na_tgt,iql,,, el 6 _4 .3




Test, by hammer, .
hydrostatic, . . : . .

hydrostatie, , . . .
_ hydrostatie, of cast-lron sectxons, . .
of safety valve, . . . .

of steam gage, . .
Tests, of steel, and methcds of tesbmg, . .
Thickness, required for butt straps, . .

required for shell plates, . . . .
required for tube sheets, . . . .
Threads, pipe or nipple into fitting, . .

Tin, for fusible plugs, .
Tube ends, fire-tube boiler, to be beaded

water-tube boilers, and superheaters, B
Tube, for fusible plug, . . . . .
Tube holes, how made, . . .

diagonal, in shell or drum, .

in shell or drum, . . . .

Tube sheets, thickness of, .

V.
Valves, globe, not to be used on blow-off,

globe, on feed pipe, . .

of wrought or cast steel, . .. .

on bottom blow-off, ..

on bottom blow-off, i .
extra heavy, on bottom blow-oﬁ . .
on damper, regulator pipe, . .

on every steam outlet, . . . .
on feed pipe, . . . .

on feed pipe (bollers 50 h. p or over),

on Lamphrey fronts, .

extra heavy, on main steam pipe,

on main return pipe to heating boiler,

outside screw and yoke type, on steam plpes,
outside screw and yoke type, on water column,
automatic, on water glass, not allowed,

safety (see safety valves). :

Variation in weight and gage of plates,

Vertical, fire-tube boiler, handholes in, .
fire-tube boiler, height of fire grate, . .
fire-tube boiler, steam fire-engine, .
fire-tube boiler, waterleg and door frame ring,

Vertical tubular boiler, maximum length of joint,

Vibration of steam mains, . . . .

Par. Scot. Part
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| . W, : Page . Par. Seot. Part o
;‘ Water column and connections, . A . 97 2226 5 3 :
| Water column blow-off, . . . AR . 26 28 2 2
1 Water glass and location of, . ' , . 24 16-18 2 2
,1 Water glass, automatio valves not all()wed.’ [ 98 27 5 '3
‘ Waterleg rings, material of, . . . . . 51 100 2 3

Water-tube boilers, tubes and nipples, . . 8 50,561 4 3
} wrought or cast steel, parts of, . P . 51 67 2 38
? Weight of steel (see steel). )
: Welded joints, forging process, . o . 63 10 4 3
Wet-bottom boilers, height from floor lme. . . 92 . 72 3
/ ‘Wrought iron (see iron).
] Wrought steel (see steel).
1 Y. . L / i
. Yield point, of steel, . . . . . . .- 42 5 1 3
‘ to determine, . . . . .o 46 14 1 3

stays or stay-bolts, tested materml . . 79 36 4 3
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