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CENTRAL BOILERS BOARD

NOTIFICATION
BoILERS
New Delhi, the 15th September 1950

S8.R.0. 300.—In exercise of the powers couferred by section 23 of the
Indian Boilers, Act, 1923 (V of 1923), and in supersession of the Government of India
Notification No. A. 470, dated Simla, the 27th October 1923, the Central Boilers
Board is pleased to make the following Regulations, the same having been previously
published as required bv sub-section (1) of section 31 of the said Act, namely :—

REGULATIONS
PRELIMINARY
1. Short Title, Extent and Commencemsani.—(1) These Regulations may be

called the Tnlian Boiler Regulations, 1950,
(2) They extend to the whole of India, except Part B States.

(3) They shall come into force at once.
2. Definitions. In these Regulations, unless the context otherwise requires,—

(@) the <“Act” means the Indian Boilers Aect, 1923 ;
(b) “accident” means an explosion of a boiler or steam-pipe or any damage
40 a boiler or steam-pipe which is calculated to weaken the strength thereof so as to

yvender it liable to explode ;

(¢) *‘boiler” means any closed vessel exceeding five gallons in capacity which is
ased expressly for generating steam under pressure, and includes any apparatus
forming an integral part of a boiler, which is wholly or partly exposed to the action
of the flue gases for purpose of recovery of waste heat, and also includes any mount-
ings or other fittings attached to such vessel which is wholly or partly under pressure
when steam is shut-off but not ~thstanding anything contained in section 2(b)
of the Act does not include an econowiser as defined in clause {cc) of section 2 there-
of.
(d) “Chief Inspector’’ and “Inspector” mean, respectively, a person appointed
to #e a Chief Inspector and an Inspector under the Act ;

¢) “‘economiser” means any part of a feed-pipe that is wholly or partly exposed
a0 the action of flue gases for the purpose of recovery of waste heat ;

[607]



608 . THH GAuHLlp Oy INDIA nATHRAORDINAG .. |+ ART LI

(f) “feed-pipe” (i) moans any pipe or connected fitting wholly or pertly under
pressure through which feed-water passes directly to a boiler,

(ii) every reference to a steam pipe or steam pipes shall be deemed to include
algo a feed-pipe or feed-pipes respectively ;

(g) ' Inspecting Authority ' means an authority recognised by the Central
Boilers Board as competent to grant » certificate in Form Iffu

(k) “Inspecting Officer” means—

(i) in respect of material manufuctured or boilers constiucted n any State
an officer appointed by the Tnspecting Authority in that State.

(ii) in respect of muterial munufactured or boilers constructed outside the
State~ an officer acting on behalf of the Inspecting Authority ;

(1) “owner” includes any person using a boiler as agent of the owner thereof
and any person using a boiler which he has hired or obiained on loan from the owner
thereof;

(7) “prescribed” means prescribed by regulations or rules made under the
Aot ;

(k) *“Steam-pipe”’ means any main pipe exceeding three inches in internal dia.
meter through which stoam passcs diroctly from a boiler to & prime-mover or other
first user, and inoludes any connected fitting of & steam-pipe ;

() “State” or “‘States” mean a State or the States to which these regulations
extend ; and

(m) ““ Structural alteration, addition or renewal”” shall not bhe deemed to include
any 1onowal or replacement of a petty nature when the part of fitting uscd for re-
placement is not inferior in strength, cfficiency or otherwise to the replaced part of
fitting,

*NorR—LHFor Last of Inspecting Authorities recognifed by the Central Boilers Board, see
Appendin O.
e ————————

CHAPTER I

GENERAL REQUIREMENTS, APPLICATION OF STANDARD CONDITIONS AND
EXCEPTIONS THERETO

3 (1) A boiler ghall not bo registored undor sub-gection (4) of Section 7 of the
Act and s certificate shall not be issued under sub-section (6) of that section with
reference {0 a hoilor, unless the standard conditions in respect of material, design
and construction, which arc specified in the sabsequent Chapters of these Regu-
lations e satisfiod in respect of such & boiler.

t2) Notwithstanding anything contained in sub-regulation (1), the Chief Ing-
pector may, ruhjoct Lo the provisions of Regulation 7, register a boiler and order ihe
insue of a cerlificate authorising the use thereof, although the standard conditions
are not tully satisfied in regpect of such boiler : Provided that the Chief Inspector
shall not regisicr such hoiler or order the isguo of such corlificato, if a structural part
of wach boiler which is subject to pressure is made of Bessemer process steel or of
cust g1 malleable cast iron. |

STANDARD REQUIREMENTS

' 4, (a) 'Méteridl. A1l plates, rivets and bars used ih the oonsiruction of boilers

shall be tested and found to conform  with the Regulations hereinafter contained. 3

thj Construdtion.- ATl hoilers during construction shall be under the supervi-
pion of an Inspecting Officet.



(c) Inspecting Authority’s certificate.—For boilers imported into the States a.
certificate from an Inspecting Authority in Form II certifying that the material
was tested and the boiler built under their superyvision shall be furnished to the

Chief Inspector before or with the application for registration.  Together with such
certificate the Inspecting Authority may furnish a Moo orandini of Inspection bqok
in Form I prepared in the manner proseribed by Regulation 356 in respect of the ins.

pection of the boiler during construction and the hydraulic test applied on comple-
tion. In the case of steel made and tested by well-known makers in India or other
_countries the certificate of the makers in Form IV as prescribed in Regulation 26
may be accepted in lieu of a certificate from an Inspecting Authority.

The Central Boilers Board shall decide whether for the purpose of this Regula-
tion a maker is ““ well-known’” or not.

(d) Certificates, etc. under section 14(1) (¢) of the Act. —In advance of or along
with an application for registration of a boiler, the following certificates and draw-
ings or specifications should be furnished to the Chief Inspector, namely:—

(i) A certificate in Form IIT of manufacture and test signed by the maker or
by a responsible representative of the maker of the boiler containing a description
of the boiler, its principal dimensions. particulars of the kind of material used in its
construetion, the thickness of all plates, the diameter of and method of forming the
rivet holes in the shell plates, particulars of any departure from ordinary practice
in making the shell such as solid rolling or welding, the hydraulic test to which the
boiler was subjected, the intended working pressure, the area of heating surface,
the maximum continuous evaporative capacity, the year and place of make, and the
works number of the boiler.

There may be included in such certificate a farther declaration that samples of
the angle, stay or rivet bars and rivets used in the construction of the boiler have
been certified by the makers to have been tested and found to comply with the re-
quirements of Chapter IT; in which deelaration the kind of material used and the limits
of tensile breaking strength with which the tests comply shall be stated with sufficient
precision to obviate the risk of confusion in making allowanees.  'Where such further
declaration is included in such certificate, the certificat-~ reforrcd to in clause (iii) of
this sub-regulation shall not be required.

(i) A drawing or print to a scale, in the case of large boilers of not less than
% inch to the foot and, in the case of small boilers, of not less than 1% inches to the foot,
showing the principal dimensions and a longitudinal section and end view of the
boiler, and bearing the works number of the boiler and the maker’s cffice stamp.
The drawing shall show details of riveting of longitudinal and circumferential seans
with pitch of rivets, eross spacing of rivet rows and diameters of rivet holes : the radii
of curvature of dished end plates, fillets of flanger and corners of bent plates, and
Whexfge gusset stays are fitted, the number and diameter of rivet holes in each gusset
stay,

Tn the case of water tube boilers, the foregoing scales shall apply to the main
boiler drums only, but in addition a general arrangement drawing of the hoiler to a
scale of not less than “}”” to the foot shall be provided.

(iil) A certificate from the steel maker and a certificate from the maker of the
plates, rivets or bars, of the nature referred o in Regulations 26 and 27 respectively.
The certificate from the maker of the plates, rivets or bars, shall show the charge
numbers, the plate or bar numbers and the number and dimensions of the various
plates, ete., tested, their ultimate tensile breaking strength in tons per square inch
of gection, th- 7- -« ~  “ vlongation and the length on which measured, the

number, kind ..*+ .. '.- orother tests made and the date of tests:
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Provided that where an Inspecting Authority furnishes a certificate in Form II
together with a Memorandum of Inspection book in Form I in accordance with
sub.regulation (c), the certificates preseribed, under clauses (i) and (iii) need not be
furnished to the Chief Inspector when application is made for registiation of the
boiler. But should any question arise in respect of the fitness of the boilers for the
working pressure approved by the Inspecting Authority within a period of three
years from ihe dato of their certificate, the owner shall, if requested by the Chief
Inspector, obtain and furnish the original documents specified in the said clauses.

(®) Maker’s stamp.—The boiler shall have stamped upon its front plate in a
eonspicuous pogition tho following purticulars :—

Mulkar's namae
Year of inuke
Worl's numbor
Teatad to Ihs. on

W.P. hs. Tnspocting OfMcer’s or Inspocting Authority’s official stamp.

—— ke & i am

6. Modiflcation of formulae.-—(i) Under the Regulations for determining the
working pressure to be allowed on varions parts of boilers, the material to which
the formulae apply shall in the absence of express provision to the contrary be steel
osomplying with the requirementa of Chapter I1.

(i) Whete no test certificates for shell plates and rivets are produced, the mate-
rial may be treated as iron, if the Chief Inspector is satisfied that the material is of
suitable boiler quality. Xf in such cases the Chief Inspector is clearly satisfied that
the material is of good quality, a higher strength than that allowed for iron may be
permitted but tho strength of the shell platos shall not, save for special reasons
be agsumeod to be more than 26 tons. In such cages S and 8, in equations 1, 3 a,nd’
4 of Chapter IV may be rospectively 268 and 21 for steel and 21 and 18 for iron.
For ron across the grain 8 muy be 18,

(iii) Where end plates, furnaces, flat plates, girders, gusset and other stays, ete.
are made of atoel or iron for which no test certificates are produced, the working
prossure a3 found from the formulae in which 8 is to be taken at tho lowost limit
proscribed for the part, reduced by 15 per cent, shall, oxcept where such material
is specificnlly provided for in any formula, be tho working proessure pormitted. For
flat plates of copper, the working pressure as found from the formulae, reduced by
50 per cont. shull be the working pressure permitted.

8. Standard specifications for materials.—The standard specifications for steel
wrought iron and copper plates aud bars, and for cast stoel shall be those prescribed
in Chapter IL, but certificates of tests of material for wrought iron (except for special
wrought iron for serew stays) coppor and cast steel shall not be required unless apecial
allowanees are required. Such special allowances shall be in the discretion of the
Chief 1nspector,

7. Boiler Shells not in accordance with standard conditions.—When the standard
conditions are not complied with, additions to the appropriate coefficient as defined
in Regulation 176 shall be made as follows :—

(n) When there are no proofs of tests of steel, 15 per cent. of the standard co-
sfficient,

(b) When a boiler has not been inspected during construction by an Inspecting
Officer and certified by him, 10 per cent. of the standard coefficient.

(¢) When the workmanship is in any way doubtful and the Inapector is not
.aatisfied that any of the foregoing additions to the cocfficient would be sufficient.
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to meet the circamstances, such percentage of the standard co-efficient as the Chief
Inspector deems fit.

Provided that nothing in this regulation shall apply to a hollow forged or a
fusion welded drum if it is constructed under the supervision of an Inspecting
Authority.

8. Welding.—The use of welding in the construction of boilers shall be
permitted only where specifically provided for in the standard conditions.

CHAPTER II
MATERIALS OF CONSTRUCTION

STEEL PLATES, RIVETS AND BARS

9. Process of manufacture.—Structural stecl for boilers shall be mad~ by the -
Open Hearth or an electric process. acid or basic.

10. Chemical Analysis.—(a) The steel shall contain not more than 0:05 per
cent. of sulphur or of phosphorus.

(b) A sulphur print test shall be taken from the material of each charge used for
rivet bars for the purpose of ensuring that sulphur segregates are not concentrated
in the core. The stage in manufacture at which this test is made shall be at the
option of the Steel Maker.

11. Freedom from Defects, etc.—The finished material shall be sound and free
from cracks, surface flaws and laminations. Hammer dressing. patching or welding
is prohibited but this does not prevent the removal of slight scale or shell by the use
of chisel, file or buff, providing the material is not reduced to under the specified
thickness.

12. Rolling Margin —No plate or rolled section shall be under the specified
thickness at any part, nor more than 5 per cent. over the calculated weight, except
that in the case of thin plates and wide plates the weight tolerances shall he as set
out in the table below.

Schalule of parcentsyz Bolling waight tolcrances for boiler plates.

Width m inches

. ] i
Thickness Under| 48 b() f 72 [T 96 108 | 120 | 132
48 to { [ to | to to and
under 1under )under ]under )under under |under | over

60 1 72 8+ | 98 108 120 132

!
1 N __1

in. % % [ % | %% % | % | % | %
1/4 to under 5/16 5 5 45 7,9 2 12 . .
5/16 to under 3/8 5 5 | 5 6 |75 10 11 12 ..
3/8 to under 7/16 5 5 |5 6 8 8 9| 11 | 15
7/16 to under 1/2 5 5 5 5 1 6 | 73 s 9 | 12
1/2 to under 5/8 5 5 5 5 1 g 61 751 9 | 10
5’8 to under 3/4 5 | 5 5 3 3 5 7 8 g
3/4 to under 1 . 5 5 5 A | 5 5 6 7, 8
1 to under 2 5 i 3 5 5 | 5 5 5 % 6 ! 7

L i

All the above margins will be taken over nett theoretical weight.

13. Testing and Inspecting.—The following tests and inspections shall be made
at #he place of manufacture prior to despatch ; but, in the event of any of the material
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proving unsatisfactory m the courpe of being worked into boilers, such material
shall he rejected, notwithstanding any previous certificate of satirfactory testing,
und such further tests of the matorial from the same charge shall bo made as the
Trispeoting! Oﬂioérl iy &ttbndhme may mmlder desirable,

i4 Selection of test pzeces —All ttSt pieces shall ho seleated by the Tnapeoting
Officer and tested in his presence, and he shall satisfy himself that the conditions.
‘ihemm described are fulfilled. i .

b. (a) "Pensile test piecos.—The tensile strangth and ductility shall be deter-
mmed from standard test picoes (see App. B) cut lengthwise or crosswise from the
rolled material. When material is anncaled or otherwise trcated before despateh,
the test pieces shall be similarly and pimultuneously tieatod with the material before
teating.

(b) (1) Plates, Angles apd Pees.—Whercvet praoticable, the rolled surface shall
he retained on two opposite sides of the test pieco. Tho 1engile stress and elongation
shall be determined on standard tést piece A (see App. B).

(ii) Round Barg.- -Round bars may be tested full size as rolled or they may be
turned dowmn, to & convenient size
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If tosted 1 inch charnete;r or under, test piece B (seo App. B) shall be used.
aeotlotml area of the tost piece shall not be less than } square ineh.

'Where the teaﬁ piece is over 1inch diameter, test piece By (see App. B) may be

The

used.

Any straightening of the test pieces which may be required shall be done cold.
.16, Tensile Tests.—The ultimate tensile stress and elongation of the various
classos of materials shall be betwoeen the limits shown in the table below but a range
.of nat more than 4 tons ineach class of material shall be permitted.
Should a tensile test piece brenk outeide the middle half of the test gauge length
q:w test may be discarded and another test be made of the same plate or bar,
|

q&;ﬁfg ¢ Mmmnum elongation per cent.
Daoasermption atroas —_— e - — —_——
l["’:f/ﬂq Teat proce A Tost preve B Test piace
Plates for ahalls butt straps, 2E—-30 23 {or 26- 30
und guksat rtayy 20 for 28 -32
20 for 82-- 36
Platen for [langing or wolding] 24 —32 23 for 24—30
20 for 28—132
Plntes for furnaces 24— 23
Bty angle and tes bary 26—360 23 for 26— 30 | 23 for 26—30 | 28 for 20- -80
20 foe 28—32 | 20 for 28—32 | 24 for 28-- 32
20 for 32—86 | 20 for 32--3¢ | 24 for 32—36
Ravot barp 2430 28 for 24—28 | 30 for 2429
23 for 26—30 | 28 for 26 30

17. Number of Tensile Tests.—(a)} Plates.—For shell platcs, butt atraps and
gusset plates one tensile tost pieco shall be cut from cach end of every plate as roll-

ed.

(b) For other plates such as end plates, furnace and flanging plates eto.,

tensile tost pieco shall bo cut from one end of every plate as rolled.
(¢) Angle, tee, rivet and stay bars.—One tengilo test shall be made from cach 15 or

01}6

part of 15 bars rolled of oach section or diameter from the same charge, but not less
than two tensile tests shall be made unless the total number of bars rolled from the
Yhthe éhsu‘%re if 8 or less than 8 and the barg are of the same section or diameter, in
! +\phiely otldd one tensile test shall suffice.  For round bars of 1} inches diameter and
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under, the numbers 50 and 20 shell be substituted for 15 and B respectively for
determining the numbar of tests reguired.

18. Dump Tests.—Short longths equal to twice their dismmeter out from the
rivet bars shall, when cold, withsiand without fracture being compressed tc half
their length. A durp test shall be made for vnch Tensile Test.

19. Bend Tesats.—(a) Cold Bends. —Test piecos shall be sheared lengthwisc or
crosawise from plates or bars, and shall not be less than 14 inches wide, but for amall
bars the whole section. may be used. For rivet bars bend tests aro not roquired.

(b} In all cold bend tests, on samples 05 inch in thickness and above, the rough
edge or arris caused by shearing may be removed by filing or grinding, and samples
1 inch in thickness and above may have the odges machined, but the test pieces shall
recoive no other preparation. The test piecosshallnot be annoaled unless the material
from which they are cut is gimilarly annealed in which case the test piece shall be
similarly and simultaneously treated with the material before testing.

{6) For cold bend tests the test piece shall withstand, without fracture, being
doubled over until the internal radius is equal 1o 1} times the thickness of the test
piece and the sides are parallel.

(d) For small sectional material thege hond testa may be made from the flatten.
ed har,

(e) Bend tosts may he made eithor by pressure or by blows.

20. Number of Bend Teats.—(a) Plates.—A bend test shall bo taken from each
plate as rolled.  For plates cxeecding 24 tons in weightt one bhend test shall be
takon from each end. The bend tevts from shell plates, butt straps and other platea
which have not to bo flanged or worked in the fire ot which when in use are not to he
axposed to flame shall be cold bend tests,

(b) Angle Bars.—A cold bend {est shall be made from each angle bar rolled.

(c) Stay Barg.—A cold bend fest shall be made from every |5 stay bars as rollod
from cach charge.

21. Manufactured Rivets.—(u) Quality of Material.—Rivets shall be manufac-
tured from steel complymg with the aforcraentioned requirements of this Chapter
in respect of rivet bars.

(b) Tests. —(i) The rivet ghanks shall be bend cold, and hammered until two
perts of the shank touch, without fractwre on the outside of the hend.

(ii) Tho rivet heads shall be flattenod whilo hot, without eracking at the edees,
until their diameter 19 2§ times the diameter of the shanls.

(¢) Number of Tests. —Up to half per cont of rivets of cach size shall be selected
by the Inspeotor or Tnspeeting Officer from bulk for the above teats.

22. Additional tests before rejection.—Should tho test piecos firat delooted by the
Tnspector or Inspeeting Officer not fulfil the test requicements, two further tests of
the samo kind may be made, but should either of these fuil, the plates or bary from
which test pieces wore ont shall he refected.  In all such oases further testa shall he
made before any material from the same charge can be accepted.

23. Branding,— Fvery plate and bar shall be olearly and distinetly warked by
the maker in two places with an approved quabty brand indicating that the matorial
has complied with the 1equired tosls ; and also with the number or identification
marks by which they can be traced to the charge from which the material was made,

24, Defacing of rejected material.-—In the event of the mutoriul failing in any
oase to withatand the prescribed tests, the Tnepector or Tnspecting Officer shall see
that the quality brand stamped on the matorinl has becn defaced by punch marks

xtending bevond the brand in the form of a oross, denoting that the material has
ceen rojected.
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25. Facilities for inapeotion,—The maker shall adopt a system of marking the
ingoty, billets, slabs, plates, bary, ete., which will enable all finished material to he
traced 10 Lhe originul charge, and the Iuspector or Inspecting Officer shall be given
every facility for tracing all plates and bars to their respective charges, and for
witnessing the required tests.  Whew he is satisflod with the material and with the
results of the tests. he shall be furnished with two copies of the advice notes of the
material for Lis signature.

28. Steel not produced where rolled.—Where steel is not produced in the works
at which it is rolled, & certificate in Form IV shall be aupp}zicd to the Inspecting
Officcr deputed to witness the testing of the material, stating the Open Hearth or
Electric Process by which it was made, the name of the Steel Maker who supplied
it, also the nambers of the charges for reference to the books of the Steel Maker. The
number of tho charge shall be marked on each plate or bar for the purpose of identi-
fication,

27. Maker’s certificate.—-Before tho mill sheets are signed, the maker shell
furnish the Inspecting Officer with a certificaie in Form IV guarantecing that the
material has Deen made by the Open Hearth or an Electirie Process acid or basio
and that it has been subjected to, and has withstood satisfactorily the test above
described in the presence of the Inspecting Officer.

WROUGT IRON STAY AND RIVET BARS

28. Rivet Bars.- —The tensile breaking strength shall bo hotweon 21 and 25 tong
with uwn clongntion of not less than 25 per cent. measured on tho standard Tost Piece
B (as rolled) or 30 per cont. measuted on the Stundard Test Pieoo B, (as rolled).

29. Manufactured Rivets Tests.— T'o comply with Regulation 21,

30. Stay Bars. —The tensile breaking strengih shall be hetween 21 and 25 tons
with an elongation of not less than 22 per cent. meusured on the Standard Test Piece
B or 27 per cent. measured on the Stundard Test Piece By,

31. Stay Bars— Bend Tests.— To comply with Regulation 19

32. Special Iron for Screw Stays for Firehoxes and Combustion Chambers.—In
order that iron screw slays rnav be approved of the same size as would be required
for mild steel, the 1ron must withstand the following tests:—

(a) Tensile Testy.— -The tonsile breaking strength shall not bo less than 21} tons
er square inch, with an elongation of not les« than 26 per cent. measured on the
tandard Test Piece B or 30 por eent. measured on the Standard Test Piece B,.

(b) Bend Tests, —T'ost: pioces oither of the bar as rolled, or turned down to 1
inch dinmeter, hall stand bending cold until the sides ute parallel and the space
between the two sides is not groater than the diameter of the test piece,

(¢) Number of Tensile Tests.—Thc burs uy rolled shall bo placed in batches of
twentyv, and one tensile test shall be tuken from each bateh, If this is unsatisfactor
two other Lars shall be selected for test, und should cither of these fail tho ba,tcz
shull be rojected.

(d) Number of Bend Tests.—Onc ordinary bend tost shall boe taken from each
bately, and a similar test piece from each batch shall be lightly and evenly nicked on
one side with o sharp entting tool and bent back ut this point through an angle of
180 degrees by prossure or by o succession of light blows. The fructure must be
clean, fibrous, free fronr slag or dirt or any coarse crystalline structure, If cithee
of these is unsatisfactory, two other burs shall be selected for test, and should either
of these fail the batch shall be rejected.

(¢) In ull cages the selection of tho test picces shall be mude by the Inspecter
or the Inspecting Officer.
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COPPER PLATES, STAY AND RIVET BARS AND TUBES

33. Plates—(a) Process.—Tho copper shall be fire.refinod or cloctrolytic, and
hot-rolled from suitable cakes.

(b) Chemical Composition.—The plates shall contain not less than 99 per cent.
of copper, and hetween -3 9 uand -5 9/ of arsenic,

(o) Freedom from defects.—The plates shall be clean, smooth and free from
defects and shall have o workmanlhke finish  They shall be thotoughly unmnealed.

(d) Rolling Margin.—No plate shall be under the specified thickness at any
part, nor more than 5% over the ealeulated weight. The scrap margin, partly
sheared and left, attachad, shall he not less than 3 inches at the ends and 1% inches
ut each side.

{p) Tengile Tests.—One tensile test shall bo taken from cach plato as rolled.

The tensilo breaking strength, rom Standard Test Piece A, shall not be less than
14 tony per 8q. in. with an elongation of not less than 359,.

{f) Hot and Cold Bend tests. —Ono hot (tomperature betwcen 1200°F. and
1400°F.) and ono cold hend test shall be taken from ench plate as rolled.

For either hot or cold bend tests the test prece shall withstand being doubled.
ovel withont fraci ure until the sides are touching and parallel.

34. Stay and Rivet Bars—(a) Process.—1'0 comply with Regulation 33 (a).
(b) Chemical Composition.—To comply with Regulation 33 (D).
(¢) Freedom from Defects.-—To comply with Regulation 33(o)

)

(d) Rolling Margin, —The bars in any part shall not be more than 19, over or
more than 1/2 9 under the rpecified dinmeter

{¢) Tensile Teats.—The tonsils broaking-stiength shall not bo less than 14 tons
per &q. in. with an clongation of not less than 409 on the Standard Test Piece B.

(f) Bend Tests. —To comply with Regulstion 33(f).

{(g) Dump Tests. -A piece of rod 1 in. long shall be placed on end and hammered
or crushed down cold to a thickness of 3/8in. without showing either crack or flaw
on tho cireumference of the rosulting dise,

(b) Number of Tests.—- One bar, from wlich the required test specimens shall
be tuken, sball be selected at random from ench bateh of 50 (or purt thoreof) hars of
each sizoe from cach welt. From cach bar selected one tensile test, one cold bend
test, one hot: hend test, and one dump test shull be made.

35. Tubes —(r) Process.——The coppoer shall be fire-rofined or eleotrolytio and
shall he made into tubes cither by the hol rolling or cold dtawmg process. The
tuboes shall be fintshed by cold drawing.

(b) Chemiecal Composision.—To comply with Regulation 33(b).

(¢c) Freedom from Defects.—The tinlshed 1ubos, both externally and internally
shall be sound, clean, smooth well imshed and free from surfuce defeets und longi-
tudinal grooving, and the end« must ho clean and square.

(d) Tolerance.—The  actual weight of cach tube shall nol be more than 59,
above the calculated weight. Unless, otherwise specified, they shall be straight
aylindrical, of uniform thicknoss and external diametoer thioughoat.

(e) Treatment ot Test Bpecimens..—All test material, if not already fn an annealed
condition, shall be annealod hefore testing and shall comply with the mechanical
tosts without further heat or mechanical treatment.
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COLD DRAWN BEAMLESS STEEL BOILER AND SUPERHEATER TUBES—
FOR DESIGNED STEAM TEMPERATURE NOT EXCEEDING
860°F (454°C)

86. (a) Material. —The tubes shall be seamless and made of steel produced
by an Open Hoarth or Electric Process, scid or basic, aund shall be certified as such
by the makers of the steel and tubes. The material of the tubes shall show on
analysis not more than 0-045 por cent .of sulphur and 0-04 per cent. phosphorus
and the manufacturer shall supply a certifionte of the analysis when required to do so.

Noto.—Where the material is ured for designed stoam temperatures above
750°F (399°C) and not exeeeding 850°T (454°C) the steel shall be of non-segregated
of fully killed type.

(b) Annealing.—The tuben shall be ocarefully annealed throughout their length
after the operation of drawing and the ends shall be curefully anmealed after the
process of swelling or reducing the diameter.

(o) Freedom from Defects.—'Lhe tubes both internally and extornally shall be
sound, clean, smooth, well finished and free from surface defects, rust, longitudinal
seaming and grooving. The ends shall bo clean and square.

(d) Tolerances.—(i) Thickness.—Tho tolerance in thickness shall be 5 por cent,
below and 10 por cent. above the spevified thicknoss,

(ii) Swelled or Reduced Ends.—Where tho ends of tubes are swelled or reduced,
the thickness at the ends may be reduced, or increased under or over, the actual
thickness of the tubes by un amount strictly in proportion to the percentage of such
swelling or reducing and in addition to this allowance the tolerances specified in
poaragraph (i) of this sub-regulation shall also upply.

(lii) Diameter.—The external diamoter of the tubes, measured at any point
shall be not groater than that specificd, but may be less by not more than 1 per cent,

(iv) Length.—The length of the tuboes shull be not loss than that epecified and
not more than 1/8 inch greater.

37. Selection of Tubes for Test.—Two per cont. of the tubes of cach thickness
and dismeter and only one for cvery 100 or part thereof ubhove 400 {ubes of such
-similar size shall be made available to the Inspocting Officer for testing to the
extent of such numbers.

38. Tensile Test.—Test pieces cut from the ends of the selected tubes shall
comply with the following requirements :—

Ultimate tendile Mirumum olongation per cout.
atresa. -
Touna por #q. . Ou 8 in, On 2 in.

Not less | Not moro | } in. thiok| Lesg than |4 in. thiok | Less than

than than and over | 7 thick. | and over | }* thiol,
.Btrip ont from tubes snd 20 28 20 18 30 24
tested in thowr curved
conditions.
"Tewt longths taken from 20 28 25 28

finished tubos (ends
to be plugged for
grips).
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39. Flattening Test.—A ring not less than 2 inches in length out from one end
of each selected tube shall be flattened hetween two parallel flat surfaces, the width
of which shall be not less than 1} times the diameter of the tube. When the pres-
sure is relensed, the interior surfuces of the 1est piece (at the middle) shall remain
at the following distances apart and the test piece shall then show no  sign of crack
or flaw.

Tubhes over 10 8, W.G, m thicknoss Not mors thon twice the thickness of the
{ube,

Tuboes up to and includmg 10 5. W, (4, in thickness. | Untal the interior surfaces meet at the
mddle

40. Expanding Tests.—The tubes shall withstand expanding by a drift expander
having a total included angle of between 40° and 80° (20° to 30° per side) to the
following increnses in extornal diameter without showing crack or flaw.

Thickness of tube Inorease in dinmeater per cent.
6 3.W.(4. and thmner . . . 16
Thinner than 5 8.W.G. upto and including 3 8.W.G, 12

Thicker than 3 8.W.C, 9-5

4]1. Additional test hefore rejectiom.—(a) Should a tube selected for testing
purposes show definite signs of failure in any one or more of the testa specified in
Regulaiions 38, 39 and 40, two further tests of the same kind may be made at the
option of the manufacturer from two additional tubes selocted from the same batch.

(b) If the ropeat tests are satisfactory the tubes shall be accopted provided
that in all other respects they fulfil the conditione of this Standard. Should either
of the tubes fail in any test, the bateh of tubes represented may be re-hoat-treated in
acoordance with, Rogulation 36(b) and then retested in accordunce with Regulations
38,39 and 40 but employing twico the number of tost pieces. If these second
repeat tests nre satistactory, the tubed shall be nccepted provided that in alt other
respects they fulfil the conditions of this Stundard; but if definite defects are again
shown, the batch of tubes which the test pieces represent shall e rejocted.

42. Hydraulic Test.—Each tube shall be tosted at the makers works by hydrau-
lic preasuro in accordance with the following table governing the rolation between
the test pressure and the design pressure to which the tube will bo subjected in
gorvice.

Hydraulio tost pressure 1h/sq. ni.

Design presgure Ih/ug. in. minimam
Up to and inoluding 500 . . . . 1000
Above 6500 upto and includmg 1000 . . .| Twise the design pressure:

Above 1000 . . . . . . - | 1000 ubove the deslgn pressure.
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I all cases the tensile streas (8) on the material when under these tests shall
not exceed 10 tons. per 9q. in. as dotermined by the formula 8 == %TP
Where D =soutsido diameter of tho tube in inches
P =test pressure in tons per sq. in.

t =nominal thickness of tube wall in inches.

HOT FINISHED SEAMLESS STEEL BOILER AND SUPERHEATFER.
TUBES FOR DESIGNED TEMPERATURES NOT EXCEEDING
850°T (454°C)

43. (a) Material.—-To comply with Regulation 36(a).

(b) Annealing.—The ondr of all tubos shall be carefully anncaled to a length
not less than ¢” it they have been submitted to a process of awelling or reducing
the end dimcnsiona.

{c) Fresdom trom defects. —To comply with Rogulation 36(c).
(d) Tolerances.-—The tubes shall be of the dimensions spocifiod, straight, eylin-

drical, of uniform thicknoss and cxternal diameter throughout, subjeet to the working
marging given in the table helow :—

(i) Diameter.—The external diameter of the tubes measured at any point shall
be within the following tolerances of diameter specified :—

Outrmde duamoter of tuhes, Tolerauce.
Up to and including 2] 1n. . 1 1/64
— 1/32~
Over 24 in. . . . . 4 19%.

(i) Thickneas. —The thickness of the tubes shall he within the following
tolerances - —

Outade disngter of tubea. . Tolerance

Up to awd wmeludmng 2} . . . 4 1739,
— 4%

Over 2} m. . . . . . \ . 4 189,
— 59

Whero the cnds of the tubes are swelled or reduced the thickness at the ends
may be dearcased below or increased above the nominal thickness of the tubes by
sn amoun¥ in proportion to the {)err‘ont&ge of such swelling or reduction and, in
addition to this allowance, the tolerances relating to thickness shall also apply.
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(jii) Length, _The tubos shall be not less than the nominal length but may
oxceed it by the amount given below ' — :

Up to and including 30 it. . . 1/8 in.

Over 30 f&. . . . . . 1t in.
[

(e) Selection of tubes for test.—To comply with Regulation 37.

44. (a) Tensile Test.—Tost picces out from the erids of the annealed portions
removed {from the ends of the selected tubes shall comply with the following require-
‘ments —

Ultimate tonsile Minimum elongation por ceut.
stross in tong por — - ——
wey. in.
on 8 in. on 2 in.
Not loss Not more | 1/4 in. Less than | 1/4 1, Lena than
than than thick 1/4 in. thick 1/4 m.
and over thick and over thiek
Stripas cut from tubes and 20 24 20 18 30 ‘ 24
tented in their curved
condition.
Test lengthas taken from 20 28 26 23
flnishod  tubes (ends ol
tuboes to be plugged from
grips).

(b) Flattening Test.-- A ring not. less than 2 inches in length cut from the anneasl-
ed portions removed from the cuds of the sclectad tubes shall be flattened between
two parallel flat surfaces, the width of which shall be not less than 13 timmes the
dismeter of the tube.  When the pressure is released, the interior surfuces of the teat
piece at the middie shall remain at a distance apart of not more than three times  the
thickness of the tube and the test picce shall then show no sign of crack or flaw.

(o) Expanding Tests.- -The anncaled tube ends shall withstand expanding by

a drift cxpander having a total incladed angle of between 40° and 60° (20° 10 30°

or gide) to the following incrcase in external diameter without showing (rack or
BWi—

Thickness of Tube Increnss 1 Diameter per cont,

6. 8. W.¢. und thimer 15

Thinner than 5 3.\W.G. and up to and including
3 8.W.G. 12

Thicker than 3 5. W.0G. 0-5

45. (a) Additional tests before rejection.— Should tube selectcd for testing pur-
poses show definite signs of failure in any one or more of the tests specified in Rogu-
lations 44(a), 44(L) and 44(c) two further tests of the same kind may be made at the
option of the manufacturer from two additional tubes selected fiom the same batch.



(b) If the repeat tests are satisfactory the tubes shall be accepted provided
that in all other respects they fulfil the conditions of this Standard. Iého d either
of the tubes fail in any test, the batch of tubes represented may be re.-heat-treated
in avcordance with Regulation 43(b) and then re-tested in accordance with Regu-
lations 44(»), 44(b) and 44(c) but employing twice the number of test pieces. If these
second repeat tests are satisfactory, the tubes shall be accepted provided that in all
other respects they fulfll the conditions of this Standard; but if definite defects are
again shown, the batch of tubes which the tests pieces ropresent shall be rejected.

46. Hydraulic Test.—Each tube shall be tested at tho makers’ works by hydraulio
pressure in accordance with the following table governing the relation between
the test pressure and the design pressure to which the tube will be subjected in

gervioe. .

Denign pragsure Ib/sq. in. Hydrauhe test pressure Ib./sq. i
mnimurn
TUp to snd molading 500 . . .1 1000
Above 500 up to snd including 1000 _‘.m“.- Twice the dasign pr;:aum
Above 1000 . 1000 above the desmign pressura.

In all cases the tensile stress (8) on the material when under these tosts shall
not exeeed 10 tons per sq. in. as determiined by the formula :—-

DP

8=

2%

Where D == outside diameter of tuboe in inches.
P = test pressure in tons per sq. in,
4t == Nominal thickness of tube wall in inches.

SEAMLESS HALF-PER CENT. MOLYBDENUM STEEL BOILER AND
SUPERHEATER TUBES FOR DESIGN STEAM TEMPERATURES
NOT EXCEEDING 950°F (510°C)

47. General.—Those Repulations «over both hot finished and oold drawn seam.
less boiler und superhoater tubes which shall conform in all respects with the require-
ments herein specified.

48, (a) Materlal.—The 1ubes shall be manufactuted from steel produced by
the Open Hearth ot Elootric processes and shall conform to the following limits of
chemieal compositions :—

0 15% maximum

C'arbon . . . . . . . .
Maonganesa . . . . 0 40 to 0-709
salicon . . . 0-10 to 0-359,
Sulphur . . . . . 0-05("( maxmum
Phogphorus . . . . . 0-08 /Z .

Malybdenum Q-45 t2 1639,



- aj. -

e

The steelmaker shall supply a certificate of the normality of the ateel.

(b) Heat Treatment.—The tubes shall be normalised at & temperature hetween
1688°F (920° C) and 1760° F (960° C).

(0) Workmanship and toleranoe.—The tubes shall he well finished, Yolean and
free from harmful defects. They shall be reasonably straight, smooth, cylindrical,
and subject to the following tolerances before bending :—

(+) Diameter.—The oxternal diameter of the tubes measured at any point shalk
be within the following tolerances of the diameter specified :—

Yype of Tube Outgide Dwameter of Tube Tolerance
Hot flnished . . . | Up to and weluding 2§ 10, . . ] A4 1/64 in.
— 1/82 in.
Over 2} w. . . . . . 1%
Cold drawn . . A wires . . . . . .40
—19,

(i%) Thickness.—The thickness of the tubes shall be within the following toler-
anees:—

Type of Tube Outside Dismeter of Tube Tolerance
Hot floighed, . . . | Up to and including 2% in. . . )4 LTy,
— 4%
Over 24 m. . . . . .| 4 159,
— 59
Cold drawn . All wizaq . . R . s 109
— 59,

Where the ends ol the tibhes are swelled or reduced the thickness at the ends
may be docreased below or inercased above the nominal thicknesy of the tubes by
an anmount in propoertion to the Qer(-ontal-gﬂ of such swelling or veduction and, in
swddition to this allownnee. the tolrrances relating to thickness shall algo apply,
Swelling or reduction shull he earried out hefore the heat treatment specified in
Regulation 48(h).

(#4¢) Length.—The tubes shall bo not less than the nominal longth but may
exceeld 1t by the wimount given bhelow :— )

Up to wnd inceludmyg 30 [t . . . . 1/8 in.

P e e e e e — | or - ———
e b h '

Qvpr 30 {1. , . . . . /4 in. '

L
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(d) Selection of tubes for testing.—After heat troatment, tho tubor shall bo
presented for mechanical testing in accordunce with Regulations 49(a), 49(b) and
49(c) in batches of not more than 1000 of the same nominal dismeter and thickness.
The manufaciurer shall provide at his own expense extra tubes at the rate of
2 per cent. of ench diameter and thickness of tube specified and the Inspecting
Officer shall sclect for test auch of the tubes ag he may think proper to the extent of
the percentage mentioned. Should the number of tubes ordeted of any one nominal
gizo exceed 400 then, for every 100 tubes or part thereof above that number, one
additional tube shall be provided. The sawmples for testing shall not bo heat-treated
after solection.

49. (n) Tensile Teat. Tost pieces out from the ends of tho selected tubus shall
womply with the following requirements ;—

Ultimuty Tengile Btress Minimum elongation
11 tona per &4. 1 pev cont, on ¥ inches
Not less than | Not more 1/4” thick Loss than
thun and ovor 1/4’* thick
Btrips cut from tubea and tostod in their 27 33 19 17
curved condition.
Tests Longths tuken from enished tubes 25 33 23 21

(endy of tbos to be plugged for grips).

(b Flattening Test.—A ring not less than 2 inches in length out from one end
of each sclected tube shall be Hattened between two parnllel flut surfuces, the width
of which shall be not less than 1} times the diameter of the tubo.  When the pressure
is released, the interior surfaces of the test piece (st the middle) shall remain at a
distance apart of not muore than three times the specified thickness of the tube and
the test piece shall then show no sign of erack or flaw.

(¢) Expanding Tests.—The tubes shall withstand expanding by a drift expander
having a total included angle of between 40° and 60° (20° to 30° each sidoe) to the
following increasces in external diameter without showing cruck or flaw :—

Thickness of tube Incrcass in dismetor
pur ¢ant.
- ——' ——— — - —— [P ——
10 8.W.@3. and thinuer . . . . . . . 12}
Thinner than 9 8.W.G. up to and including 8 S.W.G. . . 0}
Thicker than 6 8,W.¢G. . . . . . . . 6}

50. Additional tests before rejection.—Should a tube selected for tosting purposes
show definite signs of failure in any one or more of the tests specified in R,eguluti(_)ns
49 (), 49(b) and 49(c), two further tests of the same kind may be made at the option
of the manafacturer from two additional tubes selected from the same batch. If



the repeat tests are matisfactory the tubes shall be accepted provided that in all
other respects they fulfil the conditions of this Standard. ould either of the
tubes fail in any test, the batch of tubes represented may he re-heat-treated in
accordance with Regulation 48 (b) and thon retosted in accordance with Regulations
490 (a), 49(b) and 49(c) but cmploying twico the number of test pieces. If these
second repeat tesls are satisfactory, the tubes shall bo accepted provided that in
all other rospects they fulfil the conditions of this Standard ; but if definite defects
are apain shown, the batch of tubes which the test pieces represent shall bo rejected.

b1. Hydraulic Test.—Each tube shall bo to. ted at the maker’s works by hydraulie
pressure in accordance with the following table governing the rolation between
the test pressure snd the design pressure to which the tube will be subjected in

service.

Design pressure lh /ag. in. Hydraulic test pressure lb/ug, in.
minimum
Up trO- :nc—l- inocluding 800 . . . . . 1000
Ahove 500 up to and includng 1000 . . . .| Twice the dosign pressure.
Ahove 1000 . . . . . . . .| 1000 above the dosign pressurs.

In all cases the tonsile stress (8) onftho material when under these tests sball
not oxeeed 10 tons per 4g. in. a8 determined by the formula ;—
§ o Dr
2t
Where 1 =outside dismeter of tube in inches.
P =test pressure in tons per sq. in,

t —=nominal thickness of tube wall in inches,

SEAMLESS CHROME-MOLYBDENUM STEEL BOILER AND SUPRR.
HEATER TUBES FOR DESIGN STEAM TEMPERATURES
NOT EXCEEDING 1000°F (338°C)

52. General.—Thise Rogulations cover both Hot Kinished and Cold Drawn
Seamless Boiler and Superheater Tubes which shall conform in all respects with
the requirom nts hercin spocified,

58, (a) Materirl.—Th- ‘ubes hall be menufactured from stecl produced by the
open Hearth o Electri proces = and ghall conform to the following limits of chemi-
cal composition. -

Carbon 0-129,, maximum.
Mungnnese 0-35 to 0-659
Silicon 010 1o 0-609]
Sulphnr 0-059%, maximum
Phosphorus 0-059, maximum
Molybdenum 0'501to0 0:709
0-75 to 1-259

Chromium - . . . . . . .
The steclmaker shall supply a certificato of the normality of the steel.
(b) H»at Treatment.—Tho tubes shall bo fully annesled, nr normalised at a
tewperature between 1688°F (920° C) and 1760°F (960°C).
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(o) Workmansghip and tolerance.—The tubes shall bo well finished, olean and
free from harmful defeets.  They shall be rewsonably straight, smooth, eylindrical
and subject to the following folerances before bendmg —

(s) Diameter. —The external diameter of 1he tubcs mensured at any point shall
be within the following tolorances of the diamoter specified :—

Typo of Tube . Outgide Diemeter of Tube Tolerance

Hot finighed . Up to and imncluding 24 in, . . . . Fo1/647
-~ 1/892¢
Over 2§ in. . . . . . + 19,
— 19,

Cold drawn . . All Hizes . . . . . A0
— 19,

(t+) Thickness.— The thickness of the tubes shall be within the following
tolerances :—

Typo of Tube Ouimde Dwmeter of {ube Tolorance

Hot finished . . Up to and inoluding 24 in. . . . + 1739,
— 7%
Over 21 in . . . -k 169,
— 59

Cold drawn . . All gizes . . . . \ . . + 109,

— 59

Where the ends of the tubes are swelled or reduced, the thickness at the ends
may bo decteased below or 1nereasced wbove the nominal thickne s of the tubes by
an amonnt in proportion to tho percentage of such swelhing or reduction and, in
addition to thisallowance, the tolerances relating to thickness shall also apply.
Swelling or reduoction shall be carried out betote the heat treatment specified in
Regulation 53(b).

(iit) Length.—Tho tubes shall be not less than the nominal length but may be
1/8 in. greater.

{d) S=lection of tubes for testing.—Aftor heat troatment, the tubes shull he pre-
spnted {or maechanical testing m accordance with Rogulations 54(a), 54(b) und H4(c)
in batches of nol more than 100 of the same nominsl diameler anid thickness. The
mantfacturer whall vrovide at hus own expense exira fuhes ot the tate of 2 por cent.
of cach diametor and thickness of Ltube spocifisd and the Inspecting Officer shall
solect, for tost such of the tubo sy he may think proner to the extent of the poreentage
mentioned. Should the number of tubes specified of any one nominal size exvceed
400 then, for every 100 tahes or part threof above that number, one additional
tube shall be provided. The ssmples for testing shall not be heat treated after
Helection.
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54. (a) Tensile Test.—Toest pioces cut from the onds of the sclected tubes shall
comply with the following requirements : --

Ultunale Tongilo Siress Minimum Elongation
in tons per sy, 1. per cent, on 8 mohes
Nob loss Not moro 17 thick | Less than
than than & over 1’ thick
Btrips cut from tubes and tested in therr
curved condition . . . , 27 33 10 17
Test lengthu tuken from finehed tubes
(ends of tubes to be plugged for grips). 26 33 23 21

(b) Flattening Test.—A rmg not less than 2 inches in length cut from ono end
of each selected tuboe shall be flattened between two parallel Hut surfaces, the width
wf which shall be not less than 1} times the chameter of the tube.  When the pressurc
in released, the intetior surfaves of the test pieces (at the middle) shall remain st a
distance apart of not more than three times the specified thickness of the tube and
tho test piece shall then sliow no sign of crack o1 flaw,

(o) Expanding Tests.- Tho tubes shall withstand oxpandivg by a drift expander
having s totel 1mcluded angle of betwoen 407 and 60° (20° and 30° per side) to the
following incereases in oxternal diasmcter without showing erack or flaw —

Thickness of Tubo Incroawe 1n Duunoter per cent.
P
-Tlu_nnor Lht; S_.‘v\zlpTuund inclading 6 !'J.W.G._ - S)}__ o
"I-‘;;;r;(l_—_.__. _ —_. .__. 84

b5, Additiona) tests before rejection.- -Should a tubu selected for tsting purposes
show definite nigns of fadure 1 any one or more of the teats spocified . Begulutions
B4(a), 54(b) and 54{c), two farther tests of the samoe kind may be made at the option
of the manufacturer {rom two additional selected tubes. It the repeat Lcsts e satis-
factory the tubes shall bo accopted provided that in all other respocts they fulfil
the conditions of this standard. Should cither of tho tubcs fail in sny test, the hatch
of tubes represented may be re-hoat-treated in wecordunce with Regulution 53(h)
and thon retested in accordance with Regulations  H4(n), 64(b) and 54(e), but
cruployine twice the number of test pioces.

If these second repeat Leats are satisfuctory, the tubos shall be weeepted provided
that in all othor reapecis thoy fulfil the conditions of this stundard ; but if definite
defocts are again shown, the batch of tubes whiclh the test picces represent shull be
rejected.
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58. Hydrauile Test.—Each tube shall bu tented at the maker’s works by Pydraalie
pressure in accordance with the following table governing the relation between the
test pressure and the design pressure 1o which the tubes will be subjected in service.

Tosign presaure Th. /s, m. Hydraulic test pressure 1b/sq. in, minimum.

500 or less 1000

Above 500 but not exceeding 1000 Twice the design pressure,

Above 1000 . . . . 1000 above the design pressure.

In all cases the tensile stress (8) on the material when under these tests shall
not exceed 10 tong per sq. in. as determined by the formula :—

DP
8 =

2t
Where D —outside diameter of tube in inches,
P —teat pressure in tons persq. in.
t =—nominal thickness of tube wall in inches.

ELECTRIC-RESISTANCE-WELDED STEEL BOILER TUBES FOR TEM-
PERATURES UPTO 750° ¥, AND PRESSURES UPTO 840 Lbs./SQ. IN.

(FOR. EXTERNAL PRESSURE).

B7. Genoral.—These Regulations cover electrio-resistance-welded tubes made
of steel and intended for boiler tubes.

B58. (a) Material .- Process.-—The material shall ho made either or both of the
following procosses : Open-hearth or electrie-furnace.

(b) Manufacture.—Tubos shall be made by olectric-resistance -welding and
shall be normalised at a temperature above the upper critical temperature.

(¢) Chemieal Composition.—The stesl shall conform to the roquircments a8 to
chemical composition preacribed in Table below :—

TABLE —Chemical reguirements.

Type A Type C
TLow Carbon Steel Medium Oarbon Steel
Carbon, per cant 0:08 to 0-18 0-35 max.
Manganose, per cent 0:30 to 0-60 0-80 max.
Phosphoruy, max., por 0GAT, 0-04 004
Bulphur, max., per vent. . 0-045 0045

59. (») Flattening Test.—(2) A sertion ot the tube not lees than 2§ in, in longth
shall be flattened cold between psrallel plates until the opposite walls of the tube
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meet. No oracks or breaks in the metal shall occur until the distance between the
plates is less than the caleulatod value of ‘H’ by the following formula :—

(1+e)t

c+t/D

Where H = distance betwoeen flattening plutes in inches,

t = nominal wall thickness of tube in inches,

D = aotual outside diameter of tube in inches, and

o = deformation per unit length (constant for o given grado of steel,

008 for types A, 0-07 for type C).
Evidence of laminations or burnt material, or incomplete penotration of the
weld, shall not develop during the entire flattening process

(#t) The weld shall be placed 90 deg. from the line of direction of the applied
force,

(141) Superficial ruptures as a result of minor surface imperfections shall not ho
cauac for rejection.

-‘_(b) Flange Test.— (i) A section of {ho tube not less than 4 in. in length shall
be capable of baving a flange turned over at a right angle to the body of the tube
without oracking or showing flaws This flange, as measured from the outside of the
tube, shallnot beless then 1/8 in. nor more than }in. Within these lmits, the
width of the flange shall be not less than the following :—

Width of Flange

Outseide Diameter of Tube, ip.
Type A Type C
2} and under . . . . . .| 159, of outside diam ter i
Over 24 to 3-8/ . . . . . . 3/8in, 75 per aont of that
Over 3-3/4 to 6. . . . . . .| 109, of outside diameter jrequired foritype A.

(#t) In making the flange test, it is recommended that the flaring tool and die
block shown in Fie. helow he need.

POSITION POSITION
AFTER USING -« AFTER USINQP
FLARING TOOL. FLATTER
i';]]: b “ r
MBI, .
& i

A-ODOF TUBE LESS} « MOD-OF TUBE PLUS
Be0D OF TUBE LESS 2
€=0DOF TUBE PLUS |

r "
FLARNG TOOL . DiE BLOC

(c) Orush Test.—When 1equired by tho Inspeeting Authority Forushing® tests
shall be made on sections of tube 24in. in length which shall stand erushing longi-
tudinally, without cracking, splitting, or opening at the weld, as follows :~—

Height of Crushed Hection, in.

Wall thickneas of tubes, in. —_—
Type A Tubes ) Type C Tubes

0-135 and under 3/4, or until outaide | Crush testa not
folds are in contaat requirad.
QOver 0-138 1}

Hligh® surfaoe checkn shall not be cause for rejeotion.
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() Reverse Bond Test. A soctivn4d . in 1 ngih shall be taken ovory 1500
fi. of finishod welded tubing to bo split, longitudinally 180 deg. from the weld and
the sample opened nnd flattoned with the weld nt the point of max. bend. There
shall be no evidence of cracks or lack of penstration or overlaps rosulting from flash
removul in the weld.

60. Tensile Properties.—Type (' tuber shall conform to the requirements ag
to tensile properties prescribed in Table below :(—

T'ensile Requirements

Tensile strengtly, inin., per &q. in . . - . . . . 60000  Iba.
Yield point, mim., . . . . . . . . . 37000 Ibs.
Blongation in 2 in., min., per cent, . . . . . . . 30

For longitudinal strip tests a deduetiou for oach 1/32 in. decroase in wall
thickness below 5/1¢ . from tho basic min. elongalion of the follow-
ing porcentago. . . . . . . . . . . ilt) -

61. Hydraulic Test. —(n) Each tube shall bo tosted at the maker’s works and
shall withtand for a minimum of 10 seconds a hydraulic 1est pregsurc which shall
impose # mininum fibre stress of 16,000 Ihs/sq. inch and not oxceoding 24,000¢~
Ibs/eq. inch. for type A and not exceoeding 26,000 lbe/sg. inch. for typo C as
determined hy the lollowing for:nula:—

268

P =
D .
Where P —= Hydraulic test prossure in lbs/sq. in,
S = fibre stress.
D = Outside diameter of tube in inches, and
T _ thickness of tube wall in inches.

(b) Tube shall be strack near both ends while under the tost pressure with a
2-1b. steel hammer or its equivalent,

B2. Test Specimous.- (a) Tl sprcimens roquired for the flattening and flange
tosts spocified in Regulitions 59(a) and 59(1) shall bo tuken from the ends of finish-
od tubes prioe to up-setting, swaging, expandng, or other forming operations, or be-
ing out to length, They shnll be smooth on the ends and free from burrs und flaws,

(b) If deosirable and practicable, tension tests may be inade on full scctions of
the tubes up to the capaeity of tho testing machine. TFor larger size tubces, the
tension test gpocimen <shall consist of o strip eut longitudinally from the tube and
not flatiened botween guuge marks. The sides of the specimen shall be parallel.
betwoen gauge marks ; the width, irrcspective of the thicknegs, shall be 1 in., the
gaugo longth shall be 2 in.

(o) All specimena shull bo tested al room temperaturcs,

@3. Number of Tests.—(a) For type A, one of the tests specifiod in Regulations
59(n), 89(h) and 5H(¢) sball be made from each lot of 250 tubes or fraction thereof
and from each 2,000 fi. or fraction thereof safe end material, For type C, one of
each of the tests ypecified in Regulations 59(n), h9(b), 5%(e) and 60 shall be mado from
each lot of 260 tubes or fraction thercof. A reverse bend test spocified in Regula-
tion 59(d) shall be made on each 1500 fi. of finished tubing.

(b) Il uny teal specimen shows defeetive muchining or develops flaws, it may
be digearded and anothor specimen substitutod, :

(¢) If the percentago of elongation of any tonsion test specimen is less than that
specified in Regulation 60 and any purt of the fracture is more than 3/4 in. from the
centre of tho gnuge longth, as indicated by seribe seratohos marked on the specimen
beforo testing, a re-test shall bo allowed.

{d) Each tube shall be subjected to  tho hydraulic test specified in Regulation
61.
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LAPWELDED STEEL BOILER TURBES (FOR EXTERNAL PRESSURE)

64. (2) Material.—The tubes shall be .nade from steel which shall show on ana
lysis not more than 0°05 per cent. of <ulphur or phosphorus. The manufacturer
shall supply a certificate of the analysis when reguired to do so.

(b) Annealing.—The ends of ull tubes shall be cirefully annerled.

(c) Freedom from defecis—To comply with Regulation 36(c).

(d) Tolerances.—The t ibes shall he of the dimensions specified, straight, cylin
drical, of uniform thickness and external diameter throughout, subject to the work
ing margines given in table below :—

| On diameter On thickness on length
Outside diameter of  |—— ——
iube

Plus Minus Plus Minus Plus Minus

Inch Inch Peor cent. | Per cent. Inch Inch
Under 2} inch . . R R

61 32 L '
Per cent. | Por cent. | | 10 10 1/8 Y

2% inch and over J

{e) Selection of tubes for test.—To comply with Regulation 37.
65. Tensile test.—(a) To comply with Reg. 44(a).

(b) Flattening test.—To comply with Reg. 44(D), the weld being placed 45°
from the horizontal.

) Expanding test.—The selected tubes shall, when cold, withstand being ex-
panded by a drift or a roller expander to the following increases in diameter with-
out showing crack or flaw :—

Thickness of tube 8.W.G. Increace in diameter
per cent.
Uptol0 . . . . . .. . 9.5
Above 10 tc 6 . . . . . . . . . . 75
Above 6 . . . . . . . . . 5

66. Additional Tests.—Shculd a tub relooted for testing purpose, in accordance
with Regulation 37 fail to satisfy the requirements of any one or more of the tests
specified in Regulations 65(2) (I} (o), if so desired by the manufacturer. the tubes
represented shall be re-annealed and then retested in accordance with these Regula-
tions and if the repeat tests are satisfactory, the tubes shall be accepted provided
that in other respects, they fulfil the conditions of these Regulations, but if the tube
again fails to satisfy the requirements, the tubes which the test pieces represent
shall, be rejected.

67. Hydraulic test.—Every tube shall be tested at the Maker’s works by hydraulic
pressure to not less than 1,000 Ibs. per sq. in. Any tubes failing to withstand this
test shall be rejected.
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WROUGHT IRON LAPWELDED BOILER TUBES (FOR EXTERNAL
PRESSURE)
68. (a) Material.—The tubes shall be made from wrought iron which shall show
on analysis not more than 0°109%, manganese and 0'039%, sulphur.
(b) Annealing.—The end of all tubes shall be carefully annealed.
(¢) Freedom from defects.—To comply with Regulation 36(c).

(d) Tolerance.—The tubes shall be of tho dimensions specified subject to working
margins given below. They shall be straight and cylindrical, of uniform {hickness.
concentric and unless otherwise specified, of uniform external diameter throughs
oub.

The working margin shall be as follows :—

On thickpess—vplus or minus 10%.

On external dia. for tubes under 2}”—nplus 1/64” and minus 1/327.

» ,» for tubes 2” and larger—plug or minus 1 per cent.

(e) Selection of tubes for fest.—To comply with Regulation 37.

69. (a) Tensile Test.—Tengths or strips cut from the selected tubes shall comply
with the following requirements :—

Ultimate Tonsile Elongation per cent.
Strength in tons/ on 8 in
sq. 1.
Not less | Not more
than than
8trips cub from the tubes clear of the welds and I
tested in their curved condition 20 24 10
Tested longths taken from finished tubes (ends ’
of tubes to be plugged for grips) . 20 \ 24 124

(b) Flattening Test.—To comply with Regulation 39.

70. Expanding Test.—The selected tubes shall, when cold, withstand being
expanded by a drift or roller expander to the following increases in diameter without
showing crack or flaw :—

Thickness of Tube SWG Increase in Diamoter per cent.

1
1
|
|
!

Up to € . . . . . . . . 23
Above 6 . . . . . . . . 13

71. Crushing Test.—A ring 2 in. in length cut from one end of each selected
tube shall withstand, without showing crack or flaw, being crushed on end by
hammering or pressure when cold, until the length is reduced to 1-5/8 in.

72. Hydraulic Test.—Every tube shall be testcd by internal hydraulic pressure
%0 not less than 1,000 Ibs./sq. in. Any tube failing to withstand this test shall be
rejected.

STEEEL CASTINGS

73. Scope.—Steel castings shall be of the following grades, according to the
purpose for which they are to be used and as may be specified :—

Grade I . . . . . . . 28 to 35 tons per sq. im.
Grade II. . . . . . . 35to 40 ,, » »y
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74, (a) Process of manufacture.—Stesl for castings shall bo made by the Open
Hearth or an Electric Process, acid or basie.

(b) Ohemical Analysis.—Stool usod for grados T and IT castings shall not show
on, analysis more than 0.06 per cent. of sulphur or phosphorus ag determined from
the test samples, and the manufacturer shall supply an analysis of each cast when
requested.

(c) Heat treatment,—All eastings shall be heat treated to rofine the crystalline
structure throughout tho casting by heating to a uniform temperature not less than
the normalising temperuture and allowing to cool glowly from the maximum tcmpe-
rature in a practically uniform manner: or alternutively normalised by heating in
a gimilar manner and ullowing to cool in still air.

(d) Freedom from defects.—All castings shall be free from twists, cracks. faws
and similar defocts.

76. Repairs to defective castings.—Castings shall not bo repaired or welded with
out the specific sanction of the Inspecting Officer, If required the castings shall
be suitably re-heattreatod to remove internal stresses. Should a defect impair the
strength of the castings, ropair by welding or otherwise shall not be permitted.

76. Number of tasts.—At loast ono tensile and one bend test shall be made from
the casting from each charge, and when more than one casting is made from one
charge, at least one tengile and one bend tost shall be made from the castings run
from ono common pouring head ; but separate tests shall be made from each cast-
ing or set of castings run from each separate pouring head.

Test pieces shall not be cut off until they huve been stamped by the Inspecting
Officer after the annealing hag boen completed.

77. Tensile tests. The ultimatle tonvils atrogs, yield point and clongation for
grades I and IT castings shall be not less than shown in table below:--

Tensile Tests on Steel Castings

Minimum ultimate
Tonsilo strongth

Minimurm yinld
point in torms of
Tonmle strength

Minimum
Elongation
on teat pioce ‘C’
(Agure 5 to Appx. B)

Grade ——
Tons per aq. in. per cent. per cenb.
I 28 50 20
II 35 30 15

Should a tengile test piece break outside the middle half of its gauge length, the
test may at the manufacturer’s option be discarded and another test be made of the
same oasbing.

78. Bend teats.—Cold bend tests shall be made upon test pieces having a rect-
angular section of one inch wide hy 3/4 inch thick, The test pieces shall be machined
and the edges rounded to & radius of 1/18 inch. The test pieces shall be bent over the
thinner sectlon.
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Bond tests may be made by messure o1 by blows, and the test piecosshall without
fracture withstand hemyg bent round w formor having a radius of 1 inch through
an angle not less thun that given in the following table .—

Grado of Castiog Augle of Bend
I . . . . . . H0°
1L . . . . . 1207

79. Additional tests before rejection. —=hould a test pires first soleciod by the
Juspector not lulfil the test roquircmonts, two additional tests of the samo kind from
the same casting or group of castings shall be made. Should one of tho additional
test pieces fail to fulfil the specificd test requircments, the castings shall bo rejocted.,

80. Waiving of tests. —No testy shall be made from unimportant steel  ocasting
or from steol castings which are used tor articles usually made ot cast iron, if the
seantlings are not materially reduced below what would be required if oust iron
were used.

CARBON STEEL TORGINGS

(OTHER THAN 4HAMLESS DRUMS)
81. (a) Process of manufacture.—(!arbon .1eel for forgings <hall be made by
the Open Hearth or an Electrie Process, acid or basic.

(b) Chemical analysis,
sulphur or of phosphorus.

Thoe steel shall contain nol more than 0-05 por cenl. ot

(¢) Frazdom from defects. —The forgings <hall he froo from defects ot any kind
and shall be finished to the preseribed dimensions. Defects in forgings shall not
be repaired without the previous sanction of the Inspecting Officer,

(d) Heat treatment.— Facli forgmg shall e cfficlently hoat-treated unless
during the last stage of munufactute it has been finished at such o tempernture as to
enynre that the material of the [orging will have satisfactory mechunical proper-
ties.

82. Selection of test piecas.—Sufhcient materini shall be left ou cach forging for
test pieces.  In the case of a number of small forgingy, not leas than two per cent.
of the total or not less than 2 forgings from each cast,

83, () Tensile tests. —The ultimuto tensile stross snd elongation shall bo botwoen
the limits of 26 and 32 Tons per sy. in and 289, und 229, rospectively determined on
Biitish Standurd Test Picce C, or subsdiary Standard Ronnd Teat Picce (Sce
Appendix B.)

In no cage shull the sum of the ultimate tensile stross und corresponding longa-
tion be loss than G&4.

(b) Should a tensile {inst picve broak outside the middls half of the test
gauge length the test may, at the maufucturot’s option, bo discurded and anothel
test be made of tho sume forging.

84. Bend tests.— (a) Bond test picces shall be roctansular section U in. wide by
3/4 in. thick. The edges shall be rounded to a radius of 1/16 in. The test pieces
shall be bent over the thinner sectiomn.
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(b) The test pireces shall, whan cold, be eapable of being bent, without fracture
through an angle of 180, the wnternal radius of the bend not greater than 3~ meh

Bend tests may be madoe by uressure or by blows.

85. Additional tests before rejection. Should cither u teunwilo or a bend test
fa1l, two further tosts of the type which farJed may be made on {ost prieces cut from
the sume forging. 1f the regults obtuined fromn these retests are satisfactory, the
forgings shall be uccopted, provided that in other respects they fulfil the conditions
laid down above for steel forgings. 1 these retests do not give satisfactory results
the forgings reprosented may Le re-heat-treatcd together with the remamder of
the tost blocks and presented for further testings.

In all cases where linal retests do not mve satisfactory rosults, the forgings
represented by the test preces which tuil shall be rejected

GENERAL GREY TRON CASTINGS (GRADE A)

86. (a) Process of manufacture.—Tho custings shall be cast from metal melted
or refined in any metallurgical plant other thanan iron ore smelting furnace, for the
use of which furnace permission in writing must be reccived from the Inspecting
Authority.

(b) Chemical composition. The composition of the iron as cast shall be Jeft to
the diserotion of the manufacturer bul the maximum percentage of phosphorus
may be specified by the lnspecting Authority if he so desmes.

(¢) Moulding.—(i) The castings shall be aecurately moulded in accordance with
the pattern or working drawmgs supplied by the Inspecting Authority, with the
addition of such letlermg ws may bo spealfied.

{ii) The casting <hall be sonnd, clean, out of twiet wid free fiom blow holes
distortion and all surtaec and other defeets. Thoey shall be well dressed or fettled
and <hall be machmuable by pormal methods

PROVISION OF TEST BARS

87. I'he Inspecting  Authority  shall  state at the tme of cngquiry whother
he requires tensile or transverse tests, or both, and he may also speaify cast-on
bars where the dewign of (he casting and method of runming permat.

When the test bars are cast separately they shall be ponred at the same time
wnd from the same ladle of wetal as the rastimg or eastings they reprosont  The
number of test bars speafied in Regulation 92 shall be applicable to all eastings of
cach melt.

When the baws are cast-on, the monld for the easting und the mould for the
tost prece shall be joined {egether i such o manver that the higund metal fills both
moulds at the same operation

ATl test bars shall he cast in green wand or dry sand moulds according us to
whether the casting or ocustings they represent wre moulded in green sand, or in
loam or dry sand rospectively.

The test bars shall not be subjected to uny heut trestment after leaving the
moulds.
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DIMENSIONS OF TEST BARS

88. (a) Transverss Test Bars.——Tho trunsverse togt hars of the diametor specified
by the Inspeoting Authority according to the main cross sectional thickness of the
casting represcnted, shall conform to the following dimensiong :

Dinmeter of tost Limits on | Owverall Main cross-gectional thickness of casting
Bar diaumetor length represonted
in. in. in. in.
0-81t 0-045 10 Not excooding 3/8
0-8754+ 0-0858 15 Over 3/8 and not exceeding 3/4
1-24 0 030 21 Over 3/t and not exceeding 1,1/8
1-61 0-10 21 Over, 1,1/8 und not excooding 1, 5/8
2.14 0-10 a7 Over 1,5/8

Barg cast to w size in excess of the limita given above may be machined to a
diamoter within the specified limits. Bars cast within these limits of diameter
may also be machined before the tranaverso test is made, providing that the finished
diameter falls within these limits.
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TABLE

Diamater| Gauge Min. Min Min, Screwed ends Approximate Main cross-sectionsal thickness of
as diameter| Area parallel; radius | length minimum overall casting reprosented
cast length of plam
ends
Size Min, Plain | Screwed
langth ends ands
i
B D A P R c E F LP 18
in, 8q. in. in. in. in. in. in, in. in. in.
+ B3.P.
0-6 0-308 | 0-125 1 13 1} | /16 BS.F. 9/16 | 44 3 Kot exceeding 3;8
9/16 B.S.W.
0-875 | 0-564| 0-25 2 31 13 3/4 B.3.F. 3/4 7-1/16 | 4-13/16 | Over 3/8 and not excseding 3/4
7/8 B.S.W.
1-2 0-798 | 0-50 2 3 2 1,1/8 B.8.F 1-1/8 | 8} 5-7/8 Over 3/4 and not exceeding 1-1/8
1,1{s B.S.W
1-6 1-128 | 1-00 2 3% 23 i} B.3.F. 1% 9.1/32 | 7} Over 1,1/8 and not exceeding 1-5/8
1} B.8.W.
2-1 1-596 | 2-00 2 3% 3} 2 B.B.F. 2 1 1-1/8 | 8} Over 1-5/8.

The test bars shall be cast as parallel bars of the diameter given in Column B and than maohined %o the

dimengione D and P in the above tablg.
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{(b) Tensile Test Bars.—Tho tonsile test burs of the diameter specified by the
Inspecting Authority, secording to the main cross-sectional thickness of the casting:
ropresented, shall conform to the dimoensions shown in the following table. Bary
may be tested with either plam or serewed ends,

{¢) For castings over 2 inches in thichness a tost bar of larger dismeter than
2-1 inches muy be used by agreement bolween the manufacturer und the Inspecting
Authority, For diagram and table see pp. 28 to 29

MECHANICAL TEST

89. The casting must comply with the transverse and tensile tests speeified
in Regulations 90 and 91. All test preces shall he selected by the inspector and
tested in his presence and to his satisfaction.

TRANSVERSKE TEST

90. A transverse test bar cast in accordance with Regulution 88(a) must, whon
placed on supports set at the distance shown in column 2 of the following table
sustain a load applied at the centre of not less than that shown in column 3 and
must show before 1uptwe o deflection uot less than thul shown in column 4.
The su};pmtﬂ and the point of wpplication of the load shall he rounded to s radius

of not less than 1/8 inch.
Diamotor of test Distance belwecn Minimum breaking Mimimum deflec-

bar BUPPOTTH load—Grado A trzon—Grude A
1 2 3 4

., m. b, in,

0-6 9 530 007

0-875 12 1,185 0-10

1-2 18 1,350 0-16

1-6 18 4,280 0-12

2-1 24 6,680 0-15

If the diameter of u transverse tesl har nd cast varied within the limits specified
in Regulation 88 (a) Lhe equivalent bicaking load for the 1wl bar of stundard dia-
meter shall he culeulated in necordance with the factors wiven 1n Appendix F.

TENSILTE TEST

91. A tensile test bar mmachined to the dimensions shown in Regulation 88 (b)
and tested with either plain or serowed ends must show a breaking strength of not
less than thut shown in the following tuble.

Diamoter ol tost bur MMinnnum ultimato tonsido stross—Crado A
m._ ’l"‘m;; por 8q. in.
0-6 125
0-875 12
1-2 11
1.6 106
2.1 10

Nora.—Self-aligning grips to ensure axial loading aro rocoramendod.
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NUMBER OF TRANSVERSE AND TENSILE TESTS

92. Tho numbxa of tents required for cach bateh of castings ~hull be in accor-
dunce with the followmg table, the various clasees of castings bomg divided  ime
four representutive goups.  One test shall vefer to one transverse and one  tensito
tent, whether taken Nom one or two test bats at cast,

Group Waewght of castings Toxt requiremnents

e

1 Up 1o 28 b, . . . . .| Ono lest for cach 30 cwt. of castimgs or
part thowoof,

2 Over 28 b, and upto 1 cwi. . .0 Ono test for oach 2 tops of custings or
patt theroof.
3 Over | owt. and upto ons Lon . | One tost lor vach 4 tons of onstings or part
| thercol,

Tn tho above Ciroups, I, 2 und 3, all custings reprosentod Ly one test must be poured from
tho same ludle or same heut ax the bar or bars provided for the teat.

4 [ Over 1 {on apd mportant castings | One test for each 4 tons of custings or
whore mutuslly agreed upon. part thoreof or for each casling weighing
4 tons or more.

93. Additional Tests.—The additional tests to be carricd out before a casting
or bateh of castings is rejected shall be in accordance with the following te™ lo —

Teut pieco Evount Conditions
1t . .| 1F thia fails . . . | The second tost pieco shell be testod.
2nd Lf this passes . . . | Tho bateh or soparnto ouzling represonted
shall bo ueccoptod.
If thig (ads . . . .| The baleh or separsto casting ropresenled
muy be rgjuotﬂd

Provided always 1hat in the case of failare of hoth 1cst pieces if either show
ohvious defeets o thind test picco may be {aken from a broken easting or a piece may
bo cut from w usuble casting for further testing as follows :— ’

3rd . o | Tt this passes . . - | The bateh or supurate ecastuyg reprosonted
shall bo accepted,

If thiw fails . . . . | The hatoh or weporate vasting vepresentod
may be rcjectad.

(OVERED ELECTRODES FOR MKTAL ARC WELDING
(For [IAND OPRRATION)
84. Construction.— Tho motal clectrodes shall be provided with a finx cov - ring
applied externully by painting, spraying, dipping, wrappmg or other method,

95. Applicstion.—The covered olveiredes shall by suitable for motal are
welding of mild steel having o tensile strongth not  exceedig 33 tons per sq
tnch.
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98. Quality.—The eloctrodes shall be uniform in quality and when used in ac-
«cordance with the appropriate instructions of the Manufacturer shall be capable of
flowing freely and smoothly without producing an undue amount of “ under cutting ™
in the parent metal adjacent to the weld.

97. Covering—-(a) 8trungth.—Tho covering shall be sufficiently robust to with-
stand without damage the normal conditions of transport, storage, handling and
use to which the electrodes are to be subjected.

(b) Uniformity.—The covering shall be substantially uniform in out. ide diameter
throughout its length end shall fuse evenly.
(c) Stability.—Thc stability of the covering shall be such that if the electrodes

are stored they shall, aftor a period of threo months, be eapable of giving results
similar to those at the date of despatch from the supplier,

(d) Storage.—The requiremonts of paragraph (¢) above shall apply only if the
electrodes have been kept in their original packages in an enclosed dry storeroom.

98. Mechanioal properties of All-weld Metal test pieces.—The mechanical pro-
perties shall be determined on all-weld-metal tost specimens as follows :—

(a) Tensile Test.—The tensile test shall be made on a specimen having a gauge
Jength of 3-54 times the diamoter of the test piece. The ultimate tensile stress,
elongation and reduction of area of the deposited metal shall be not less than the

figures given 1n the iable.

(b) Impact Test.—Impaot tests shall be made on a three notch specimen. At
least two of the three values obtained shall be not less than that given in the tablo,

Ultimate Tonsile Elongation on 8- 54D Reoduction of
stress {tons per 8q. in.) (per oent,) Aren (per cent.)
Impact Velus
min. min. min.
28 20 38 30 ft. 1b.
CHAPTER IIT
CONSTRUCTION AND WOREMANSHIP
GENERAL

99. Preparation of Plates.—With the cxeeption of gussct plates, which may be
shearcd, the edges of all plates and butt straps shall be planned or machine gas cut
to an angle of approximatoly 80° with the surface of the plate.

100. Annealing after working in fire.—All steel plates which are welded,
dished, flanged or locally heated shall be afterwards efficienily snnealed.
101. Minimum thickness of Plates.—No boiler plate shall be Tess than 1 inch in
thicknoess.
SHELLS, ANGLE RINGS, BUTT STRAPS, ETC,

102. Cylindrical Shells,—FEach ring shall be bent while cold (o eylindrical form to
the extreme ends of the plate. Tho bending shall be done entirely by machine and

theatng or hammering is prohibited.



108. Position of Longitudinal Besms.—Each ring of plate forming the ehell,
barrel or drum shell, where practicable, he in one picee and have its 10ngitud1_nu]
seam well out of line with those of the adjoining rings. In Lanceshire, Cornish,
and othier types of boilers, where patts of the shell are cxposed to flame, the longi-
tudinal 4eams shall, where practicable, be in the steam space, arranged altcrnately
on euch side of the crown and clear of the hiick work.

104. Circumferentinl and End Seams.-—(a) The strenpth of the seams joining
the end plates of flat end Lancashite and Cornigh boilers with the eylind eal shells
shall he not less than 88 per cent, of the strensth of the caleulated thickness of the
plute as found by Equation (1), The strength of the intermediate seamn of flat
ended holers and all seams of dish ended boilers shiall be 50 per cent of that of the
lone ttudinal seams bat in no cuse less than 42 per cent of the strength of the eal-
enlated thickness of the plate,

(b) Tn hoilers of other types the strength of tho circumferential and fransverse
seamas ghall be not less than 38 per cent, of that of culeulated thickness of the plate
as found by Equation (1) and not less than 50 per cent of thet of the longitudinal
seams whichover is the greater.

(0) When the shell plate thickness exceeds 11/16 inch the intermedinte cir.
cumferential seams shall be double riveted.

(d) Iu the case of thie electiode boders where the dwareter of the shell does not
excecd 187, the end platen may he attached to the shell by means of Eleetric Arc
fillee welding provided the welds are stress relieved and the cubical eapacity and
working preasure do not exceed 30 gallons and 120 Tbs. respectively.

105. Angle Rings,—Angle rings for the attachment of end plates to shell plates
and o1 flue scctions shall be rolled or machined so that they fit closely to the flat
and cvlmdnical surfaces to be connected, and shall he machuned or machine gas out
on the eanlkmg edges.

106. Thickness of Shell Angle Rings,.—Where shell plates and (nd plaics are
connecied by means of an external anglo ring, the angle rings shall be not less in
thickness than as follows :—

(1) For shell platea up to and mcludimg 5/8 inch | 10 per cent n excess of the thickness of the
in thicknoss shell plato.

{2) For shell platea oxeroding 5/8 meh m thick- | 90 per cent of the thickness but not less

nowy and npto and ncluding 1 inch m thick than 11/16 meh.
nedy,
{3) Fou ahold plates over 1 ineh in thickness Made from mngle bar haviug 8  wection

thickness of 1 inch.

107. Welded Shell Plates.—(a) Except as provided for in Chaptcr V oend in
Regulation 112, where longitudinal seams are wolded the weld shall be entirely
corered by a butt strap or butt straps securely riveted to the shell.

(b) For small stcam domes when the welding i8 done by hammer and the plates
do not exceed § inch in thickness butt straps may be omitted.

(¢} The strength of the weld covered by butt atra%ps shall be assumed to be 50
pet cent of that of the solid plate. The thickness of a single strap or combined
thuckness of double straps shall be not loss than the thicknesr of the shell plate.
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108. Longitudinal Ssams.—The longitudinal seams shall be butt-jointed with

goluble gtraps when the diameter or Working Pressure exceeds the limite stated
elow 1—

Type of Boiler When diameter When Working
exceode Preasure exceeds

= —

Feet, Lba.
Loco Types . . . . . . . 2067 200
Vertical Types . . . . . . 8 128
Other Type . . . . . . . ) 50 o

108. Butt Straps.-—Butt straps shall bo out from the shcll plaics or, altcrna-
tivelff, all the butt straps of each required thickness shell be cut from one plate,
The lengths of the straps wherever practicable shall be transverse to the dircetion of
rolling of the plate. Straps shall be pressed or bent in rolls to the shell curvature.

110. Thinning of Butt 8traps.—Thinning of tho cnds of butt straps which tuck -
under shell rings, shall be done cold by machine and not by heating or hammering.
"The shell plate shall be notched out to reccivo the thinned end of the butt strap, so
that thore shall be no undue thinning of the butt strap.

111. Alternative Construction.—(a) As an altcrnative 1o the tucking of buti-
strap ends under the shell rings, the ends may be terminated at the edge cf the shell
rings or onds and electrically welded thereto.

112. Local Welding of Butt S8eams.—(a) The ends of longitudinal butt soams of
whell rings may be welded for a length not exceeding three times the overlap at the
circumferential seam, provided the butt straps are run as closely as practicable to
the circumferential seam.

(b) Only metal arc welding of the butt seams of shell rings shall be permitted.

113. Flat End Plates.-—(a; The end plates of boilers shall preforably be in one
iece made from one rolled plate. Alternatively, the end plates shull be bwlt up
gy butt-welding two pieces. In the latter case the line of welding shall be paruliel
to the horizontal uxis of the boiler and shall run through the centre line of furnace or
furnaces of Lancashire hoilers and between two rows of stays of marine type hoilers.
In the cuse of flat end plates the fusion welding shall eomply with stress relieving
requirements and in the case cf dished end plates the fusion welding shall be sub-
jeoted to both stress relieving and radiographie examination.

(b) The peripheral flanging of end plates shall be denc by muachine. Such
flanging shall preferably be dono in ono operation, but where this is impracticable
seotional or crecp machine flanging may be permitted, provided that the plate is
worked at a suitwble temperature, and the plate is heated to an adequute distance
beyond the portion under immediate treatment.

(¢) Care must be taken to see thut the flanges uro circalar and of good surface,
free from local irregularities, and that they are paraliel aad square with the flat
part of the plate. For the purpose of relieving internal stresses, all platos which
have been flanged or locally heated shall aftorwards be efficiently annealed unless
during the last stage of manufacture they have been uniformly hested through-
vut,

(d) Flat portions of end plates, on completion of all flanging end machining
eperations, shall be flat and free from set or distortion.
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114. Strengthening of Flat End Plate at Manhole.—(s) In the BEnd Plates of
Lancashire Boiler type the mudhole in the lower part of the front end plate shall
be fitted with a flanged riveted strengthening ring, the thickness of the flat portion
of which shall be not leas than (1-5 TX1/8 in.) where T equals the thickncess of the
end plate in inches.

(b) In hoilers 7 ft. 6 in. diameter and above, the mudhole frame shall be ftted
with a peak to reinforce the portion of the end plate hetween and below thoe {irnaces,
and this peak shall be securely riveted thereto with rivets of similar piteh to the
remainder of the frame,

{e) In all cases the front end plate gussot stays below the furnaces shall be placed
a3 closely as possible to the mudhole frame.

(d) Where flat end plates are flanged for connaction to the shell, the nside
radiug of flanging shall bo not less than §-75 times the plate thickness, with a
minimum of 1§ m.

115. End Plates in steam spaces. —When the end-plates of boilers situated
in tho steam space are liable to coutact, with hot gases the end plates shall be  offi-
ciently shielded from such contact.

118. Homiapherical Crowns.—(») All sngments shall be pressed in one heat to
worrect curvature. The adjacent plates shall bed closely at the seams and wherever
posdible at the junotion of two seams the plates shall be machined down to provide
# fair surface to the joint. [f the thinning is done by hoating and hammering
the plate shall be subsequently annealed.

(b) The cylindrical portion of the erown shall be tangential to the hemispherical
portion and fit truly to the shell.

(¢) Where hemispherical shell crowns are pressed from one plate they shall
be pressed to form by machine in progressive stages without thinning and on com-
pletion shall be annealed.

117. Dished End and Crowr Plates.—(a) The inside radius to which a plate
is dished shall not be greater than the external diameter of the shell to which it is
attached, except in the cuse of Lancashire and Cormish boilers when the radius shall
not exceed 1} times the dismeter of the sh 1.

{(b) Tho inside radius of curvature of the flanges tc the shell or firehox shall not
be less than four timoes the thickness of the crown or end plate und in no case loss
than 2% inches.

(0) The inside radivg of curvature to aptakes shall be not less than twice the
thickness of the crown plate and in no case less than 1 mch.

(d) Bunged mouth-pieces may be welded on to end plates in place of the ortho-
dox flanging for the attachment of furnace tubes. Such welding shall comply
with provisions of Regunlation 125.

(e) Manhole frames may be similaily welded on the front end plates, and will
he subject to provisions of Regulation 125,

118. Tube Platos.-—Smokebox tube plates shall be flanged for attachment to the
‘barrel or shall be {lat und conuceted thereto by an external riveted angle ring.

119. Parts of the Smoke Tube Plates within the tube nests.—(n) Where the total
aren of all tho {abe no-ts exceeds 7 9q. ft. stay tubes shall o fitted within the nests.
"Whete stay tubes are not fitted the onds of the tubes shall be beaded or bell mouthed,

(b) The parts of tube plates which lie outside the nests of tubes shall be stayed
or supported wheraver the wize of the area of plate subject to steam predsure necen-
sitates staying or support, either by marginal stay tuboes or other rcans,

120. Flanging of End Plates.—All flanges shall be a good fit to the shell and
fluss. Flogming and’or hymmering in the fitting of these parts is prohibited. The
waulking edges of all flanged plates shall be machined or machine gas cut.




FURNACES

121. Furnaces in general.——(a) No furnace or firebox top, whether plain or
corrugated, shall cxceed 7/8 inch in thickness, and all circular sectioned furnaces
when new ghall be as near the tiuly circular form as the type of joint will permit.

(b) The use of Z angle rings for furnace foundation seams shall be prohibited.

122. Furnaces of Horizontal Boilers.—(a) The sections of the inteinal flues
ghall each be in one plate and shall be bent while cold to circular form and shall be
welded longitudinally.

{(b) The maximum permissible variation in diemeter at any cross section #hall
not exocecd the thickness of the plate.

(¢) The welds shall be placed at tho lower part of the flues, and shall break
joint in successive sections by at least 12 inches,

(d) Each flange for the circular seams shall be formed at one heat by suitable
machinery.

(e) The sections shall be allowed to cool gradually to avoid internal stresses.

(f) The caulking edges of all fluo flanges shall be machined or machine gas
cut.

(g) The circular seams shall be arranged so that they do not full in line with
those of the adjacent flue or with the circumferential seams of the shell and are at
least 6 inches apart.

(b) When flues ate flanged for attachment to both end plates the total length of
each completed flue shall not excecd the length of the shell measured from the inner
surface of the back end plate to the inner surface of the front end plate, both ad.
jacent to the shell,

(i) Wherc the flues are flanged for attachment to tho end plates, the end seo-
tions shall be 1/16 inch thicker than the remaining sections, except in cases where the
ealoulated thickness is over 13/16 inch, when the end-sections shall be 7/8 inch in
thickness.

(i) The flanged portion of furnuce rings shall have a radius of curvative of
not less than 1 inch on water side.

(k) Sections of corruguted flues may be fusion butt welded ciroumfercntially
and afterwards stress relieved by heat treatment.

123. Furnaces of Vertical Boilers.——(a) The vertical portion shall be in one
plate and shall be bent to eircular form in a similar mannor to the shell plates.

{b) Circular furnaces shall preferably be tappered, a taper of 1} in. in dismeter

r 1 foot of height being recommended. The minimum water spaco at the bottom
EZtWﬁen the furna«cs and the shell shall not be less than 2 in. for beilers up to 2 ft.
6 in. in diameter and shall be not less than 2§ in. for boilers over 2 ft, 8in. in diameter,

{(0) Where hiemispherical furnace erowns are pressed from one plate they shall
be pressed to form by machine in progressive stages without thinning and on com-
pletion shall be annealed.

(d) Ogec flanging where integral with the firebox or in a scparate ring shall
preferably be formed at one heat by suitable machinery and shall be allowed to
cool graduslly to avoid internal stresses,

(e) Furnaces of vertical type boilers may be attached to the shell at the fire=
hole by & solid rectangular section steel ring riveted together or by & circular ring
of substantial section fusion welded to shell and firebox. Where the latter cons-
truotion is employed the opening in the shell for firehole shall be substantially com-
pensated by & 1ing welded on the outside of the shell plate.

(f) At the firehole the firebox plate and the shell plate may be flanged and fusion
wouled together.
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h124. Longitudinal Seams.-—The longitudinal seams of furnaces may be
elther:

(a) Forge Lap Welded.
(b) Fusion Butt Welded.
(e) Riveted.

Longitudinal seams of furnaces exceeding 3/8” thiokness shall not be riveted.

1256. Fusion Woelded Longitudinal Seams.—Where the longitudinal seam is
fusion welded the following precautions shall be observed :—

(») Plates over 5/8 in. m thickness shall be bevolled from hoth sides of cach
abutting edge, but the bevel need not necessarily be the same on ench side (sec Figs.
1 and 2). Plates less than 5/8 in. in thickness may be bevelled from one side only
of each abutting edge (sce Figs. 3 and 4).

The ncluded angle of the hevel shall be not less than 60° ,and the hevelling
may be any one of the formy shown in Figs, 1—4.

o \(gg"g

Pig. 1. Fig. 2.
my 60"y
AVA, N/

u-'. m.L

?"M nol more than

art of
™ oy of (vbe

Detall of Weldine

Fig. b. Fusion Welding of Oross Tubes of Vertical Oross Tube Boilers.

(b) In order to obtain full penetration of the weld metal a gap shall be main-
toined between the plates when they are heing welded. Joints shall be welded
from both sides, and the slag shall be removed after making each run. Before
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the socond side of the joint is welded suy slag or defect at the bottom of the first
run shall he remov ed by grinding, chipping or nachining. There shall be no appre-
ciable undercutting of the plate.

{¢) For the purposc of relieving internal stressed the plates adjacent to a fusion
weld shall be efficiently annealed after welding, and when the firchox is forge-welded
it should be allowed to cool gradually.

126. Furnace Crown.—(a) The furnace crown seam shall not fall in line with
any citcumferential scam of the hoiler shell,

(b} the furnuce crown may be riveted to the vertieal portion of the fiiebox, or
alternatively. the joint may be fusion butt welded by the eloeiric arc proccss, pro-
vided the conditions as to fusion welding in Regulation 125 are obscrved.  Where
the joint s to e welded the edges of the furnace crown and the firebox body shalk
be bevelled in accordance with Fig. 3 or Fig. 4. The depth of the flange of the
furnace erown plate from the commencement. of the curvature of the flanging radius
shall be not less than four times the plate thickness with a minimum of 1} inches.
On completion of welding the fitchox shall be effectively stress relieved by heat
troatment (sce also Reg, 128.)

127. Cross Tubes.—(a) Cross tubes shall b 1nade from weldless stoel tube or
from plate or strip rolled and forge water gas welded. Where welded tubes are
used the longitudinal welds shall be so situated that they are not exposed to the
direct impact of the flame.

(b) The minimum thickness shall be 5/16 in.

() Where cross tubes are flanged and riveted to the furnace, the flanges shall
be get to the curvature and taper of the furnace, and shall be a good fit before rivet-

ing.

(1) Where welded construction is employed the tubes shall be of sufficient
length to enter the furnace plate and be flush with the water side all round or project
not more than 5/8 in. into the water space at any part of the circumference. Where
the tubes are fusion welded in position, the firebox plates shall be suitably chamfored
and the joints shall he welded externally and internally (see Fig. 5).

128. Uptakes.——(n) The upiakes shall be foumed from woldless, forge water gas
welded or fusion butt welded steel tube and shall be securely riveted to the fur.
nace crown plate and riveted to the shell crown plate.

(b) As an alternative to riveting, the uptake may be fusion butt welded by the
electric arc process to the upward flange of the opening in the fire box crown plate
provided the conditions a8 to fusion welding in Regulation 125 are observed. The
edges of the upward flange and the adjacent end of the uptake shall be bevelled in
accordance with Fig, 8 or Fig. 4. The depth of the crown plate opening from the
commencement of the ourvature of the flanging radius shall be not less than twice
the plate thickness with a minimum of 1 inch. On comlf;letion of welding the
uptake and crown plate shall be effectively stress relleved by heat freatment.

Where the firebox crown plate is also fusion welded to the body of the fire-
box, the firebox complete with uptake shall be effectively stress relieved by heat
treatment on completion of the welding.

(¢) Welded uptekes shall be so arranged that the weld is directly facing the
longitudinal centre line of the manhole.

129. Loco Type Firebox¢s.—(a) The foundation sesm shall be of riveted con-
struction but all other seams may be welded subject to the depth of the flange
being such that the welded seams fall between the lst and 2nd rows of screwed
stays or between the flange and the adjacent row of sorewed stays.
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{b) The firchole mouthpiecc may be similarly welded when the firehox and
shell are flanged for the purpose.

(o) The welding shall comply with Regulation 125.
STAYS

130, Bar Stays.—Bar stays shall not be welded at nuy part. They shali pres
ferably have plus threads, the ends of the stays being upset or the middle portion
being reducedp for this purpose. Stay bars which have been worked in tho fire shalt
be subsequently annealed.

131. Longitudinal Stays.—(a) Longrtwdinal and similar «olid scrowed stays
shall be efficiently socured with nuts at euch end and not merely riveted over.
Where they are over 12 feet in length, they shall be supported at intervals of 6 fh.
along its length,

(b) Where the stay is screwed through both plates, the stay and holes shall
have a continunous thread and fitted with nutes and washers on the outside. Wheor
the stay passes through clearing holes an internal nut nnd washer shall also be
fitted. Where the stay is not normal to the surfuco of the plate the washers shall
be shaped so as to form a true surtauce for the nuts or a knuckle joint may be
fitted.

(¢) In vertical hoilers the stays shall cither be screwed into both crown plates
or screwed into the firnace crown plate and passed through clearing holes in the
shell crown plate.

132. Nuts and Washers for Stays.— (a) The wishers shall ho at feast 23 {imes
the diameter of the threaded portion of the stay and nof less than 1/4 in. in thick.
ness,

(b) The thickness of the external nute shall be at least equal to the diameter
of the threaded portion of the stay. Where bar stays pass through clearing holes
in end plates, internal nuts of a thickness not less than two-thirds of the diameter
of the threaded portion of the stay shall he fitted

133. Jointed Stays,—Wlrre jomted longitudinel stays .10 (itcd, thoy shall,
where practicable, be fitted with pins having an effective sectional arca 25 per cent.
in excess of that of the stay. If the pins are slack in the holes, the total sluckness
ahall not be more than 1/16 inch. The pins shall be as cloge as possible to the
shoulder of the eye forging. The shoulder of the forging shall be at least 1/2 inch
wide all round, .., the diameter at the shoulder shall be not lesa than the diameter
of the hole plus 1 inch.

134. Diagonal bar or rod stays.— The sectional wrea of disgonel rod or bar stay
shall bear the same proportion to that of a direct stay as the length of the dia.
gonal stay bears to the length of the perpendicular line from the end of the diagonal
stay to the surface supported. Tho ends of diagonal stays, shall not be bent, but
shall be attached to the plate with bevelled washers and nutas or with riveted tee,
blocks or angles and shackle ping (see Rogulation 133 for eyes and pina).

SOREWED STAYS
135. Scrowed Stays.—(a) Screwed astays and the holes for these shall be sorewed
with a continuous thread,

(b) The screwed threads of the stay shall be clean, free from checks or imper-
fections, of full depth, correct Whitworth form and a good fit in the holes, The
middle portion shall preferably be turned down to the bottom of the thread.

{¢) The stays shall be serewed with fine threads of not less than 11 threads per
inoch,
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(d) The diameter of the stay over the threads shall not be less than 3/4 in, or
twice the thickneas of the firebox plate whichever is the greater.

(e) The pitch of the stays at the furnace of vertical boilers shall not exceed
1t tiwmes the thickness of the furnace plate.

(f) Whero tho stays arc not fitted with nuts, the ends shall be riveted over to
form substantial heads.

(¢) Crown stays of Looo Type boilers shall either be fitted with nuts or riveted
over on the fire side,

136. Axial drilling.— A)l serowed sbays less than 14 in. Jong should proterably
be drilled with a tell-tale hole 3/16 in. dismeter to a depth of 1/2 in. beyond the
innor face of the plate. Stays which are obsoure on one side should preferably be
wade from hollow staybar.

137, Stay nuts.— (a) Nuts {o seraw ytays in combustion chumbi1s and hreboxes
shall not be less than 3/4 inch thick for stays up to 1} inches diameter over threads,
7/8 inoh thick for 1-5/8 inches and 13 inches stays, 1 inch thick for 1.7/8 and 2 inches
stays, and 1.1/8 inches thick for stays over 2 inches in diameter,

{b) The nuts shall be made of solid mild steel or of iron which shall be without
weld if exposed to flame,

138, Spacing of end stays—Allowance for curves, etc.—¥or the topn of
fireboxes and combustion chambors the distance between the rows of stays nearest
to the tuhe plate or firehole plate or back plate as the case may bo, and the sommence-
ment of curvature of thesn plates at their flanges shall not be greater than the hori-
zontal pitch of the stays.

GIRDER STAYS

139. Girder Stays for Firebox and combustion Chamber Crewug.— (. ) Fach wirder
when of the normal type, fitted with atuy bolts and nuts, shall be of the double plate
interconnected type of sufficient strength to support its proportion of the load on
the crown plate independently of tho crown plate.

(b) Tho clear waterway between the crown plate and the underside of the
glrder burs shall be as large as practicable but in no case less than 1-1/2 inches as
in fig. 7.

(e) The ends of the girders shall not rest on the landing of the flat crown plate
but shall be carefully fltted to bed directly on the bends of the corners of the vertical
end or side plates.

(d) The toes of the girders shall be solid with the girder plates and not separate
pieces attarhed thereto.

(v) Girders shall be properly attached to the crown plate by bolts or screws.

Noru.—Alternative methods of staying may be used, or unstayed firebox,
orowns of special or patented design of equivalent strength may be fitted. See
Regulations 230, 231 and 232.

(f) Where an all welded fircbox is fitted, the girder stays may be welded to the
firebox prior to atress relieving. The girder stays shall be recessed for waterways
ag in paragraph (b) (Fige. 6 and 7).

Suoh girders shall be securely welded by an approved method to the firebox
crown. The method of welding and the proportions of attachment shall be to the
satisfaction of the Inspecting Authority.
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GousseT STAYS

140. Gusset Stays.——(a) Gussot platos »hall be flat and perpendicular to the
end plates. The gusget angles shall be fitted to bed closely to the shell end and
gusset plates. Cranking or setting of the plates is prohibited.

(h) Guaset stays, where fitted, shall comprise flat plates secured by double angles
to the shell and ond plate respectively, and shall be designed in accordance with the
following conditions :—

141. Breathing Space.— (a) Gusset stuys shall be so arrangod as 10 allow sufficicnt
breathing space around furnace connections and tube mnests.

(b) For Lancashire boilers the proportions shown in the table below are re-
commended for the portion of the end plates above the furnaces and flues :

Thicknees of L= ’ L=
end plates (IMig. 8) (Far. 0)
n. in, .
1/2 ] 10
9/16 10 11
6/8 11 12
11/16
3/4 12 13
13/16
Above 13/16 124 134
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Fig. 8 Fig 9

) (c) Fig. 8 shows the breathing space rocommended for the following condi-
tions : Flat end, furnace or flues flanged for attachment to end plato, furnaces and!
flues formed with Adamson flanged seans,

(d) Pig. 9 shows similar conditions to Fig. 8 except that the end plate is flanged
outwards for the furnace or flue ring connection, the breathing spaces allowed being
1 in. more than those for the same thickness of plate in Fig. 8.

_ (v) Where a corrugated section not less than 6 feet long ia included in each
internal flue of a Lancashire boiler, the dimensions given in the table above may
be reduced by approximately 1} in. throughout.

(f) Tt is recommended that the breathing space below the furnaces and flues
shall be approximately one half the dimensions given in the table above. Where
it is desired to use any other nrrangement which gives a greater or loss degree of
exibility, the amount of breathing space shall be specially considered and meodified
aa the necessity of the case requires.

(#) For gusset stays above tube neste, as fitted in wasto heat boilers without
internal furnnces, s breathing space of 8 iriches from the contre linc of the top tubes
to the centre of the too rivets of the gussct angles is recommmended (see Fig. ).

142. Gucsets £ ngles.— The gussel angles connecting the stays 1o tho shell and
end plates shall be ut least 7/8ths of the thickness of the shell plate, but shall be not
less than 1/2 in. in thickness

143. Load on Gusset Stay.- -Fach gusset stay supporting the end plate of a

l1))oiler shall be designed to carry the whole load due to pressure on the area supported
y it.

144. Gusset Riveting.— (a) Tuvels sceuring gusset stays <hall be not Jess in
diameter than the thiokmess of the cylindrical shell plate and the riveting shall be
arranged so that the strength of the shell plate whero drilled for the gusset rivets
shall not be less than the strength of the longitudinal seams.

(b) Not less than three rivets shall be used to connect any gusset plate to any
angle or any angle to the end plate or to the shell plate.

BOILER TUBES SUBJECT TO EXTERNAL PRESSURE

145. Steel and Wrought Iron Tubes.— (a) Both plain and stay smoke tubes may
be made either of wrought iron or steel and may {)e either lapwelded or weldless,

(b) Tubes may also be fabricated by electric resistance welding from strip
plate. Thie may be accepted for temperatures up to 780°F and pressures
up to 840 lba./3q. in.

148, Fitting Plain Tubes.——Where stay tubes arc not fitted, the ends of the
tubes shall be bended over at the fire box end and beaded or bell.mouthed at the
other end. If bell.mouthed the tubes shall protrude not less than } inch beyond:
the tube plate.
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147. Screw 'Threads of stay tuhes.— Stey tubcs shall be serewed at both ends
with rontinuous threade, and the hLoles in tho tube plates shall be tapped with
eontinuous threads. The pitch of the threads shall not be finer than 11 threads-
per inch. The stay tubes shall be expanded by roller expanders and not made tight
by caulking only.

148, Minimum thickness of stay tubes.—The minimum thickness of siny tubes
in the body or at the enda under threads shall not be less than 5/32nds of an
inch.

149, Thickened ends of stay tubes.—1f ntuyv tubes are requirod to havoe their
thickucss increaged at the serewed ends 80 that the thickness at the bottom of the
threwds is approximately the same as in the body of the tube the thickening shall
be attained by upsetting and not any welding process, and the tubes shall be an-
nealed after the upsetting.

150. Load on stay tubes. (a) Stay tubcs shall be desighed to cary the whole
load due to pressure on the arca to he supported [n each case the areas to be cal-
culated asg follows :—

{h) For a stay tube within the tube nest the net aren to be supported shall be
the product of the horizontal and vertieal pitches of the stay tube less the area of
the tube holes embraced. Where the pitch of the stay tube is irregular tho ares shall
be taken as the square of the meon pitch of the stay tubes (i.e., one-quarter the sum
of four sides of any quadrilateral bounded by four adjacent stay tubes) less tho area
of the tube holes cmbraoced.

(¢) For a stay tube in the boundary row, the net area to be supported shall be
the area enclosed by lines passing midway between it and the adjacent points of
support less the area of any tubes embraced. The adjacent points of support may
be ofber stay tubes, or the commencement of curvature of flanging of centre line
of the circle of rivets securing the end plate tu the shell angle,

BOILER AND SUPERHEATER TUBES SUBJECT TO
INTERNAL PRESSURE

151, Steel Tubes.— (a) All tubes which ate subject 10 infcrnal pressure of wator
or steam shall bo cold drawn or hot finished seamless in accordance with Regula-
tions 30 to 56, Except as provided for in sub-reg. (b) below they shall be
without joint.

(b} Tubes having an external dinmeter not exceeding 5 inches may be jointed
and such joints may be flash welded, machine forge welded, arc or gas welded.

{¢) Flash welding shall be undertaken on a welding machine of a type approved
by the Inspecting Officer and the external fin caused by welding shall he completely
removed. The internal fin oaused by welding shall also be removed subject to a
maximum height of 20 per cent. of the wall thickness of the tube.

(1) Arc welded butt joints shall be made by the metallic shielded aro-
process.

() When gas welding is employed the technique followed shall be approved:
by an Inspecting Officer und all welds shall be suitably heat treated.

(£) For design steam temperatures over 850°F the material to be used shall be
fn acoordance with Regs. 48 & &63.

152, Attachment of steel tubes.—(a) Tubes shall be connected to the tubes
plates by one of the following methods :—

(1) Expanding.
(2) Strength welding.
(3) Mechanical bolted ball joint.
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(b) Drift or roller expanded tubes shall projeot through the neck or bearing
‘part in the holes by at least a quarter of un inch and shall be secured from drawing
-out by being bell mouthed to the extent of 1/32" for each inch in diameter plus
2/32",

(c) Tubes may be seal welded into fittings or headers for both boilers and
superheaters after they have been expanded and flared provided the material in
the fittinge or headers does not contain carbon in excess of 0-35 per cent,

(d) In the case of drifted or rollor expanded tubes, the tube holes in the tubes
plates of drums, pockets, or headera shall be formed in puch a way that the tubes
can bo effectively tightened in them. Where the tube ends are not normal to
“#he tube plate, there shall be a neck or belt of parallel seating of at least 1/2” in depth
measured in a plane normal to the axis of the tube at the holes.

(¢) Where the tubes are strength welded direct to the tube plates, the technique
followed shall be approved hy the Inspecting Authority and all welds shall be suitably
heat treated. ’

(f) Tube spacers, supportiug clips and lugs may bo welded to the tubes. Flash
welding of studs for supporting refractories, ete., is also permissible,

(¢) The tubes shall be 8o urranged that they arc accessible for cleaning internally
and externally.

163. Copper tubag.—Copp e tubes up to one weh in external diawmstor may be
used for small boilers ; *such tubes shall be not less than 12 8.w.g. thick.

HEADERS, MUD BOXES, ETC., OF WATER TUBLES BOILERS

154. (o) Headers, mud boxes,  te., of water tube hoilers may be of solid drawn
or welded steel, or of cast stcel complying with the requiremoents of Regulations
73 to 80.

(h) Each piece prior to being fitted in place shall be subjected to hydraulic test
to double the working pressure of the boiler into which it is to be filted.

¥or presgures over 1000 1bs, per sq. inch, the hydraulio test pressurc shall be
the permissible working pressure plus 1000 lbs. per sq. inoh.

(¢) (i) the sighting hole doors shall be substantial and capable of being removed
and replaced from timo to time without loss of efficiency or safety.

(#1) Tho bolts by which they are held in place shall be fitted to them in suoch a
way as to satisfy the above conditions.

(¢21) The doors shall be go designed that they will not blow out in the event
-of breakage of the bolt,

(tv) Circular holes also may be provided in addition to elliptical holes, if pro-
vision is made to prevent the door bolts from turning, while securing the joint.

(d) All flanges shall have s fillet with a radius of curvature at least equal to the
+thickness of the necks to which they ure attached.

STAND PIPES, PADS, ETC.

155. Stand Pipes and Pads. -Stand pipes und soatings for cerryimmg mountings
-shall be made of wrought, cast or fabricatcd steel. Where pipes are fabricated
by welding they shall be stross relieved. These shall take the form of short stand
Pipes, pressed steel plate saddles, forged pade or pads cut from round rolled bar
88 may be most convenient and secured to the boiler by rivoting or welding. 'Whera
short stand pipes are used they shall be of solid forged, fabricated or cast steel. They
-ghall be carefully bedded to the shell before attachment and where riveted the
rivets shall be so pitched as to ensure a tight joint. The jointing faces to which
anountings are to be bolted shall be machined. Peds shall have sufficient thickness
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to allow the drilling of stud holes for mountings without the inner surface being
plerced and the length of the screwed portion of the stud in the pad shall be not less
than the diameter of the stud,

168. Design of Stand Pipes.—Whero short stand pipes are used, the boltin,
flanges shall be forged solid with the bodios or attached by combined screwing angl
welding or by welging alone, The thickness of the stand pipes shall comply with

table below:—
Maximum permusmble working pressureg s, peT sq. .
Upto 150 Above 150 & K Above 280 & Above 350 &
upto 250 \ upto 350 upto 600
I St B e i_.___ _—
Flango Flange |Thuk- Flange | Thiok- |Flange | Th ek-
adjoin- |Thicknoss! adjoin- negs | ndjoin- ness adjoin. | ness
ing of mg ol ing of ing of
drum Body | drum Body | drum Body Body
Htand pipes in n in 1n 1n in in in.
in bore
Jrd . . . .. .. .. “ 34 3/8
1. . J7Le 3/8 1/2 3% 8/4 3/8 /4 38
17 . . .76 BT 1/2 /8 34 J/8 3/¢ 3/8
.. 706 /4 172 7,10 R/4 12 3/4 12
9 . 4718 /4 n/10 716 34 1,2 /8 1/2
23 . . o1e 38 9/1d T80 7/8 5/% /8 6/8
R . | oons 7718 5/R 1,2 78 Bl /8 5/8
3. . 0/16 718 875 1/2 774 B8 7/8 5/8
4, Joene 710 G/8 1/2 78 5/8 78 5/8
44 . . 490 716 A/Js 112 78 5/8 (e /8
5. . Jon)s 9/16 3/4 3/n 718 B/ 118 5/8
6. . . n/8 9/16 3/4 '8 7/8 5/8 /8 5/3
7. . 6/8 /16 3t i) 7/8 B/8 7/8 H/8
8 . . . 58 9,18 34 SR 7,8 5,8 718 58
n 5/8 5/8 3/4 5/8 78 5/8
10 . . 5/8 5/8 34 o8 7/8
Prossed saddles . B8 .. 3/4 7]8

157. Presged Plate Saddles.—Where pressed plate saddles are employed they
shall be formed to bed closely to the boiler, and be machined on the face jointing‘
the mounting and on the edges. The studs for the attachment of mountings, if:
serewed through the saddle, shall each be fitted with a nut on the inside having a.
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“thickneas equal to the diameter of the stud. Where the stud holes do not penetrate
through the saddle, the length of the screwed portion of the stud in the plate shall

not be less than the diameter of the stud.
168. Seatings for Mountings.—For pressuros not exceeding 125 1bs. per xq. in,

mountings with screwed ends not exceeding 1 in. B.S.P.T. may be used; the screwed
portion of any such mounting being an integral part thereof and the thickness at

rthe bottom of the thread being not lcas than 3/16”.

The mountings may be screwed :—

(a) Directly into the boiler shell plate, nuts being fitted on the waterside, or

(b) Into steel distance picces the length of thread engaged being in no case

less than the bore of the mounting plus 1/4 in,

159. Attachment of Mountings,—(a) Mountings may be attoched directly 1o any
sghell or end plate wherc tho plate is of sufficient thickness to allow a suitable surface
to be obtained for the attachment of the boiler mountings.

(6) The minimum thickness at the hole in the shell or end plate sball be not
Jess than the thickness required for the maximum permissible working pressure
considering the plate as being unpierced.

(¢) Where the boiler mountings arc securcd by studs, the studs shall have a full
‘thread holding in the plate for at least one diameter. If the stud holes penetrate
the whole thickness of the plate, the stud shall be screwed right through the plate
and be fitted with a nut inside having a thickness equal to the diameter of the stud.
Where bolts are used for securing mountings they shall be screwed right through

the plate with their heads inside the shell or end plate.

160. Insufficient thickness of End Plates.—(u) In cases whoero the thiockne~~ of
the end plate is insufficient for this purpose the mountings shall be jointed to guitable
steel seatings as provided in Regulation 155,

(b) The following constructions as to stand pipes attached to end plates shall be

ypermissible:—
(?) Where the internal dirmeter of the stand pipe does not excecd 1 inch, the
standpipe may be screwed into the plate and fitted with a nut on the

watergide,
() Where the internal diumeter of the standpipe exceeds 1 inch but does
not excecd 2 inches, it may be screwed in and seal-welded.

(117} Where the diameter of the standpipe exceeds 2 inches, it may be welded

to the end plate,
The foregoing provisions a3 to the stundpipe shall be regulated by the following

oconditions,
(*v) When standpipes are screwed, the screwing shall be British or American

Standard Pipe Thread.

(v) Where standpipes, saddles or other forms of seatings are fabricated by fusion
welding they shall he stress relieved by heat treatment before attachment

to the boiler.

(vi) Where the bore of the standpipe or seating and the hole in the plate does
not exceed 5 inches plus twice the thickness of the plate, the seating may
be welded to the plate without subsequent heat treatment of the weld
80 made. Where the hole in the plate cxceeds 5 inches plus twice the
thickness of the plate, 1he plate to which the seating is attached shall be

stress relieved by heat treatment.
161. Attachment of Water and Pressure Gauges.-—Water pauges and presure

gauge syphons may be attached direct to the front end plates without the inter-
vention of a pad or standpipe, provided they are flanged and secured by studs
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f the studs are sorewed through the plate, nuts shall be fitted on the inside of the
plate,

162. Mountings on Flat Plates.— -Where the flanged mountings are attachoed

direct to a flat plate, such mountings shall be provided with a substantial spigot,
the full thickness of the boiler plate.

163. Bolts and Nuts.—Bolts and nuts shall b» machinad where thay comoe in
contact with the flanges, and all holes in saddles and pads shall be drilled.

Nore:—In all cases where the boiler 1a lagged, the joint of the mountings shall be cloar of the
{agging cmurface or the lagging kept olear of the flange 80 that the joint can be inspevted and, when
qiecesaary, remade.

MANHOLES, MUDHOLES, ETC.

1684. Access.—(a) Sufficient sight and oleaning holes shall bo providoed to permit

of efficient inspection and cleaning. Such holes shall normally be elliptical in form
and not less than 3§ in. x 2} in.*

{b) At least one manhole or sight hole shall be provided in the upper part of
the oylindrical shell or in the shell erown, or end plate and this shall not be less
than;—

1. |
Boilers not excesding 2 ft. 6 in. P97
Boilers over 2 ft. 6 in. diameter and not exceoding 3 ft. . . . . . 129
Boilers over 3 ft. dlameter and not exceeding 3ft. 6 in. . . , . 14> 10
Boilers over 3 ft. 8 in. dismeter and not excooding 4 ft. . . . . . 1511
| Boilers over 4 ft. . . . . . . . . . . . . 16 . 12

{c) Where the size or construction of the boiler does not pormit of entry for
cleaning and inspection sufficient cleaning holes shall be provided in the shell for
these purposes,

(d) Where cross tubes are fitted in Vertical boilers onoe cleaning hole shall be pro-
vided opposite at least one end of each tube. At the bottom of the narrow water
apaoces at least three cleuning holes shall be proviaed. The oleaning holes shall be
o arranged that the circumferential distance between them does not exceed 3 ft.

mnless the foundation ring is sufficiently scewssible to permit of cleaning and ins.
pection from the inside of the hoiler.

(e) Cleaning holes or mudholes in Loco Type boilers shall be providod at each
Bottem corner of the outer firebox casing, above the fire hole 1ing and on cach side
.of saddle plate in line with bottom of barrel.

(f) In the case of small boilers or where the foregoing provisions are impraeti-
-oable the cleaning holes or mudheles shall bo a3 n~arly o9 posdibla in the corner  of
the outer firohox casing and the holes as largo as circumstances permit.

165. Compensating Rings and Frames for Opanings in Shells.-—(a) Compon-
sating rings and frames for openings in shells shall e of wionght ot cast wteel.
"The compendation provided shall preferably be flan ¢»1 fram~ which shall be fitted
in all caves where the shell plate exceeds 9/18in, thick, Flanged {rumes shall
bo waldless and shall be flanged or pressad to previde n v fointiag smlaes for the
wover.

Nore,—Wherever practicuble the frames should bo secured to the inside of the shells so
4hat the shorter axis is parallel to the longitudinal contre line of the boiler.

*Nors.—Btandard sizes of mudholes and sightholea are 77 x 57, 8°x 3}" and 3} x 24 %
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(b) All compensating rings and frames shall be formed to bed eloscly to the sur-

facee to be connected. Where attached 1o cylindrical shells ana are 12in. X% 9 in.

or larger they shall be at least double riveted.  All eaulking edges shall be machined
or machine gas cut.

(¢) The flat jointing surfaces of wll flanged (r prossed frames and all doors or
covers shall be machined.

166. Doors and Cross Bars.—(u) All internally fittcd doors of manholws, mud-
holes and sightholes vhall be of wrought stecl built up or pressed to shape and anneal-
ed or mado g_rom onc thickness of plate with o machined recess for the jointing material
or may be & steel costing.  Their spigot part or the recess chall not linve u groater
olearance than 1/16ih inch all round, i.e., the axis shall not Le less than 1/8th inch
smaller than the holes in which they arc fitted.

(b} The studs or bolt: of lurge doora shall be serewed throngh the plates wnd
riveted over,

(o) Internal doors for openings not larger than 9 in. x 7 in. in size need only be
fitted with one stud, which shall be provided with an integral collar und screwed
through the plate with a nut on the inside of the door.  Internal doors for openings
not larg 1 than 5 in. X 34 in, may have the stud forged solid with the door or if
screwed e efficiently riveted to the doors.

(d) Cross bars shall be of substantial proportions and either solid steel forging
or of cust steel
167. Raised Manhole frames and Cover plates.- (a) Ruised circular manhole

framos nn' « xceeding 16 inches in diameter shall bo at least 3/4 mches thick in
sll parts. The circular cover plates and joint flanges for such frames shull bhe not

lexs than :
1 inch thich for pressures not exceeding 120 1h. 8q. inch.
1-1/8 inch thick for pressures over 120 1b. but not exeeeding 200 Ih. 8q. 1nch,
1-1/4 inch thick for pressures over 200 Ih. bul not exceeding 250 1b. <q. inch.

For pressures 250 1b. sq. inch and over raised circular manhole frames shall not
be fitted.

The cover plates shall be secwed by at least sixteen steel bolts not less than 1
inch  diameter.

(b) External raised ciroular mouthpicces shall be :—
(1) formed in one piece without welds,
(2) formed from s suitable rolled section and forge welded, or
(

3) fabricated by fusion welding provided they are stress relieved by heat
treatment after welding and before attaching to the boiler.

Welds should be positioned so that they are located on the truusvorse centre
line of the boiler. The jomting flanges of monthyneces and covers shull be machined
on the face and edge and on the bearing surface for the bolts.

Bolts and nuts shall be muchined where in contact with the flanges and  the
joints should be formed inside and outside the bolts to preclude the possibility of
flange distortion. Cover plates shall be dished outwards to a depth of approximately
one-eight of the internal diameter ot the frame.

All frames and mouthpieces shall bed closely to the surfaces to which theyplare
to he connected, and where riveted to cylindrical shells shall be at least double
riveted. All Caulking edges shall be machined or machine gas cut.
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168. Position of Manhole in Shell.—Manholos in oylindrioal shells shall be
placed as far as possible from any riveted seams, preforably towards the hack end of
the hoiler top.

189. Compensation Rings to Manholes. (n) Componsation shall be provided
in every case for the part cut out of & cylindrical shell for w manholi-.  The strength
-of the net section of componsating ring wnd of the rivels seonring it to shell ocompared
with that of tho part of shell cat out shall not be less than the stiength of the longi-
tudinal acams.

(b) The spacing of the rivets shull bhe such as not to reduce the <streapth of the
shell plate bolow that of the longitudinal seams.

170. Compensation for cutting large holes in shell Type Boilers.-- Whero holes
are cut in the eylindrical shell for the purpose of atiuching a seating, [rameo or door,
compensation shall be provided such that the added sectional area, including parts
of the frame within 4 inches of the shell and excluding rivet holos, shall be not less
than the sectionul wrew of the plate removed which shall he the product of the dia-
meter of the opening and tho calcnlated thickness of the plute as found by Equa-
tion 1. Whers holes are cut in tho eylindrioal shell for the purpose of fixing sesting
for mountings wnd the diameter of the holes is greater than 2- 12 times the thickness
of the shell plate plus 2-3/4 inches, compensation shall be provided.  Where a large
opening is cunt in o cylindrical shell toreceive another part of the structure, the
gides where cut away shall be efficiently cross stayed or strengthened in some other
sffective manner.

171. Rivets securing compensating Rings and Stand Pipes.

For matholes or frames.—The total effective shear streneth of the rivots on ch
side of the longitudinal contre line shall be not less than the tensile strengl(h of that
portion of the shell plate, as found by Regulation 170, which is removed and the
rivets srcuring any eimpensating ring or frame shall boe so a~ranzed that the jomt
effivicney caleulated on any line purallel to the axis of the hoiler through any pact of
such ring or frame shall not be less than the efficiency of the longitudinal soam
of the Loiler,

For stand pipes.—Where the hole in the shell to asecommodate a stundpipe does
not exceed 8 inche~ diameter, the total effective shear strength of the rivets un cach
aida of th- lomzitudinal centre line shall not he less than 75 per cent. of the tensile
atrength of the portion of the plate, as found by Regulation 170, which hay been
removel

The strength of rivets in double shear shall be taken as 1875 times the strength
of rivets in single shear.

RIVETING

172. Rivet Holes,—(a) Rivoet holes shall not be punclied, but shall be drilled full
gizo from the solid plate, and wherever possible rivet holes shall be drilled in
Place with plates, straps and ends bolted in position.  After drilling, the plates shall
be separated, the burrs and the sharp edges of the holes shall be removed and the
contact surfaces of the plates shall he cleaned.  All tacking holes shall be drilled
to & size which will allow the holes to he enlarged to the required rivet size by
drilling or reamering. Al rivet holes shall be slightly countersunk under cach rivet
head.

(b) The diameter of the rivet hole shall be not more than 1/16 in. larger than
the standard diameter of the enld rivel as manofactured.

(e) Where sizes of rivets are mentioned the sizes refor to the diameters™of the
rivet holes not to the diameters of the rivets used before closing,
173. Riveting.—(a) Rivets shall be closed by hydraulic machinery wherever

the design of the boifer permits ; the rivets muy be closed by hand or pneumatic
hammer in position where hydraulic riveting is impracticable.
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(b) Rivets shall be of sufficient length to fill rivet holes and form sound and

substantial heads, The heads shall be finished concentrioally with the rivet shenks.
. Rivets shall be heated oniforinly thronghout their full length,

(¢) Drift pina shall not be used with such force as to distort the rivet holes.
If the rivet holes are found not to be fair when the plates are holted up for riveting
the holes shall bo reamered fair hefore the viveting is commenced.

(d) For hydraulie riveting the pressinre shall be the least necessury to cnsure a
tight joint, and only sufficient pressure shall be used to close the rivets properly and
gecuroly without indenting, huckling or otherwise dumaging the plate. e rivets
shall be allowed to shrink whil- under pressure from. the riveting machine.

174. Fullering and Qaulking.—All seams shall be fullered or ocaulked inside
and outside and this shall bo done in such a manner that the plates are not sprung
or damaged.

CHAPTER IV
REGULATIONS FOR DETERMINING THE WORKING PRESSURE TO BE
ALLOWED ON VARIOUS PARTS OF BOILERS OTHER THAN FUSION
WELDED AND SEAMLESS FORGED DRUMS.
175, The mwximun. proksure ot which u boiler may be used shall be deter-
mined in necordance with the provisions of this Chapter. The Regulations in this
Chapter refer to muterial subjected Lo steam terperature not exceeding 500°F.

SHELLS

176. Formula for working pressure of shell.— (a) For eylindricul shells, barrels,
gteam and water drams, and domes of boilers the maximum working pressure per
square inch to be allowed shall be enlenlated from the following formula :—

[NoTE. Where parts of drums of waler tubo boilersa are perforated for tubes, the work-
ing pressure shall be caleulated by equation (53) under ‘Tubs Plates".]
(t—2) X 8 x J
PP, . . . . . . Eqn. (1)
CxD

W.P. is the working pressure in lbs. per sguare inch,

t is the thickness of shell plates in 32nds of an inch,

§ 18 the minimum tensile breaking strength of the shell plates in tons per square
iu~h or whatever strength is allowed under Regulation 5,

1 is the percentage of strength of the longitudinal seams of shell or of & line of
hole in the shell for stays, or rivets, or of an opening in the shell not fully compen-
sated, whichever is least calculated by the methods hereafter described,

( 18 a co-efficient as follows :—

2:95 when the longitudinel seams are made with double butt straps and when
pmaull sh s are fornied from solid rolled sections ;

2.83 when the longitudinal wcams aro made with lap joints and are treble
riveted ;

2.9 when the longitudinal seams are made with lap joints and are double
riveted i

30 when the longitudinal seams are welded and are fitted with o gingle butt
strap .

14-3 when the longitudinal seama are made with lap joinls and are single riveted .

D 1- the inside diameter of the outer strake of plating of the cylindrical shell
measured in inches.
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(b) The Factor of Safety shall in no case be less than 4.
The actual Factor of Safety in each case may be found from the equation :—

t
F=1'4xCx——.
t--2
With the best form of joint and leust co-efficlent (') the Faotor of
Bafety for sholl plates, § inch to 1§ inches in thickness, varies from 5-13 to 3-49.

(¢) An addition of 10 per cent. shall be mado to the appropriate co-efficient for
shells of boilers in which the longitudinal seams are lap jointed and a1e not necessible
tc close visual inpection and for shell plates of externally fired hoilers exposed to
the direct impact of furnace flame ; provided that this addition shall not apply to
the steam and water drums of water tube boilers where the drums are not close to
the fire-grate and there are tubes hetween the fire-grate and the drum.

(d) The above co-efficient are standards and shall be used only for boilers open
to mspection by an Inspecting Officer during the whole period of construction and
which arc certified by him as %&ving boen. constructed in accordance with the stand-
ard conditions laid down in these Regulations.

177. Methods of calculating the strength of riveted joints.-—(a) The percentage
of strength of a riveted joint (J) shall be found from the following formule (i)
(i), (iii) : (i) and (ii) are applicable to any ordinary type of joint ; (iii) is applicable
only to that type of joint in which tite number of rivets in the inner rows is double
that of the outer row. The lowest value given by the application of these formuln,
i8 to be taken as the percentage of strength of the joiut compared with the solid

plate.

100{P—D)
(i) ——————— = Plate percentage Ban. (2,
P
W0 K AN xC 48,
(ii) —————————— — Rivet percentage . . . . Ean. (3,
PXTxS
100(P—~21) 100X A xCix 5y
(ii1) + — =Combined plate nnd rivet porcentace. Eqn. (43
PxTx§

T ie the pitch of rivete at outer row in inches,

D is the diameter of rivet holes in inches,

A is thn sectional area of one rivet hole in square inches

N ig the number of rivets per pitch, (I),

T 18 the thickness of plate in inches,

C =1 for rivets in single shear as in lap joints, and 1-875 for rivets in double
shear a8 in double butt strappod joints,

8, iv the shearing strength of rivets, which shall be taken to he 23 tons per
sguare inch for steel and 18 tons per squarc inch for iron,

8 ig the minimum tensile hreaking strength of shell plates in tons per square
inch, or whatever strength is ullowed nnder Regulation § of Chapter I.

In the first formula (i) D is the diameter of the rivet holes in thoe outer rows and
in the third formuls 1) is the diameter of the rivet holes in the next rows. I[n the
last formula A i8 the area of one ris et hole in the outer row.

{b) When the sectional uren of the rivet holes is not the same in all rows, and
wihien some of the rivets ave in double shear and others in single shear the rtivet
seotions per piteh of each size or shear shall be eomputed separately aud added
together to form the total rivet section.
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178. When Pitch exceeds maximum allowed.-—Should the pitoh of tho rivets
exceed the maximum piteh allowed, the permissible pitch shall be used in place of
the actual pitch in determining the percentage of plate section. No greater percentage
than 86 shall be allowed for any type of riveted joint.

179. Butt Straps and spacing of rivets below requirements.—Should the spacing
of the rows of rivets or the distance hetween edge of plate and rivet hole or the thick-
ness of butt straps be less than is specified in Regulations 182 and 184 the percen.-

tage representing the strength of joint shall be 1 difled as prescribed in those
regulations,

180. Percentage of Welded and Strapped Seams.—In determiming the percentage
of strength of a welded seam covered by & strap or straps the formuls and allowances
in Regulations 177, 178 and 179 shall be applied, but 50 per cent, shall be added to
the rivet percentago for the weld.

181, Percentage to be allowed Ior Solid Rolled Shells.— When small shells are
rolled from the solid, J. in equation (1) shall be taken as 100 per cent,

182. Thickness of Butt Straps.~—The minimum thickness of butt straps for the.,
longitudinal seams of oylindrical shells shall be determined by the following formulm
but all straps should be of sufficient thickness to permit of efficient caulking, and in
any case sghall not be less than 3/8 inch in thickness.

Bingle butt straps having ordinary riveting :—

1-126T =T, . . . . . . . . . Eqn. (5)
Single butt straps having every alternate rivet in the outer rows omitted :—
(P—
1-126TX ———=T; . . . . . . . Hqn. (8)
(P—2D)
Double butt straps of equal width having ordinary riveting :—
6257 =T . . . . . . . .  _Eq(7

Double butt straps of equal width having every alternate rivet in the outer
rowsg omitted :—
(P-D)
-625T x

— o= Tl . . - . . - Eqn. (8)
(P—2D)

Double butt straps of uncqual width either having ordinary riveting, or having
overy alternato rivet in the outer rows omitted.
76T = T, (wide strap) . . . . . . . Eqn. (9)
-625T = Ty (narrow strap). . . . . . Eqn. (10)

!

T, is the thickness of the butt straps in inches. The other symbols have the
sume significance as in Regulation 177,

Single and wide butt straps shall, wherever practicable, be on the inside of
the shell.

Should tho thickness of butt straps he less thun that above described, the least
percentage of joint as determined under Regulation 177 shall be reduced in the pro-
portion of the actual thickness to the prescribed thickness,

183. Maximum Pitch of Rivets in longitudinal joints.-The maximum pitch
of the rivets in the longitudinal joints of boiler shells shall be :—
OxT+41:626 = maximum piteh in inches , .

. . . Eqn. (11)
T is the thickness of the shell piate in inchen,
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(Jis & co-efficient, as given in the following table :—

Number of Rivets per Co-efficients for Co-efficients for Co-efficionta for
piteh Lap jointa single Butt-strapped| double Butt-
jointa strapped jointa
1 131 1:53 1-756
2 2-82 308 3 50
3 3-47 4-08 4-683
4 4-17 5 A2
5 .. 1 6 00

184. Spacing of rows of rivets. -(«) In joints, whothet lapped or fitted with
butt straps, in which there are more than one row of rivets and in which there is an
squal number of rivets in each row, the distance between the rows of rivets shall be

.not less than—

Zig.zag riveting,

*33P4-- 67D = distance between centre lines of rows (R) . . Eqn. (12)

Chain riveting,

2D = distance between centre lines of rows (R) . . . Eqn, (13)

(b) In jointa in which the number of rivets in the outer rows is one half of the
number in each of the inner rows, and in which the innor rows are chain riveted
the distance between the outer rows - nd the next rows shall bo not less than as
required by equations (12) and (13) whi ever is the greater, and the distanco between
the rows in which there are the full nu.nber of rivets shall bo not less than 2D(R,).

(6) In joints in which the number of rivets in the outer rows is one half of the
number in each of the inner rows and in which the inner rows ure zig-zag, tho die-
sance between the outer rows and the next rows shall be not less than——

-2P + 1:15D = distance between centre lines of outer and next
rows (R) . . . . . . . Eqn. (14)

The distance between the rows in which there are the full number of rivets shall
ba not less than—

-165P+- - 67D =distance between ocentre lines of inner rows (R,) Eqn. (15)

P is the pitch of the rivets in the outer rows,

D is the diameter of the rivet holes in inches or the mean of the diameters of

rivet holes when the distance to be determined is between two rows of rivets of
different diameters.

{d) Bhould the distance between rows of rivets be less than as prescribed above
the plate percentage determined by equation (2) shall be moditied thus—
actual distance
100 [P—(2 — ————— D]
prescribed dimtance

= modified plate percentage. . Eqn. (18)
P

(¢) In all oases the clear space between a rivet holo and the edge of a plate shall
not be less than the diameter of the rivet holes, i.e., the centre of the rivet hole shall
be at lenst 1} diameters distant from the edge of the plate (E)-—

Provided that, if this condition be not observed, the strength value of the rivets
affected shall be reduced in the proportion of the actual distance between the outer
odge of the rivets and the edge of the plate to the preseribed distance.
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186. Circumferential and End Seams of Water Tube Boilers.—The suitabili
of ciroumferential seams including the seams joining enda to shella shall be verifle

by the following formula :(— i
KxJIx(t—2)

DxC

K. —= 150 for 26/30 tons tensile plates.
K == 157 for 28/32 tons tensile plates.
Due to higher atresses, see Reg. 271 and 340.
WF = The working pressure in Ibs, per sq. in.
D = The diameter of shell in inches, measured inside the outer ring of plates.
J  Circumferential Joint efficienoy calculated by Eqns. 2 or 3.
{ —= 8-24 where the seams are made with lap joints and are treble riveted

= 841 where the seams are made with lap joints and are double riveted

— 9:60 where the seams are made with lap joints and are single riveted.
t = thickness of plate in 32nds of an inch.

186. Compensation for Manholes and other openings.—The percentuge of com-
pensating section shall he determined by the following formulme :—

200 (W—D) »'Ir

is equal to or greater than WP . . . Eqn. (17)

== percentage strength of compensating

(Li--2D) % Ty
gection . . . . . . . . . Hqgn. (18)

80x AxN
—= —— _= porcentuge strength of rivet section . . Eqgn. (19)
(1.+2D) xTs

W is the width of componsation ring in inches measured in the direction of the
longitndinal axis of the hoiler,

L is the length of opening in shell in inches measured in the direction of the
longitudinal axis of the boiler,

D is the diameter of rivet holes in inches,

Tr is the thickness of compensation ring in inches,

Ta is the thickness of shell plate in inches,

A ig the area of one rivet hele in inches,

N ia the number of rivets on one side of the longitudinal line. When the riveta
are in double shear 1-875 times tho single rivet section shall be allowed.

Parts of raised manholo mouthpiocces within four inches of the shell ahall, in
addition to the ring, be included in the compensating seotion.

187. Uncompensated Holes in Water Tube Bollers.—The maximum diamoter
of any uncompensaterd opening in a shell shall be determined, subject to the condition
that the minimum thickness at the hole in the shell or end plate shall be not less than
the thickness reqired for the maximum permissible working pressure, considering
the plate a8 being unpierced, as follows :—

%\(V(D—{—T) T--N . . . - Eqn. (20
Where d=Maximnm mean effective dlameter Of unoompensated hole in
inches.
T = Thickness of drum shell in inches,
D := Internal diameter of drum in inches, but not exceeding 6.
N == 3 where E does not exceed 0-50.
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E L ————
=g x in other cases . . . . . » Bqn, (21)
0-50
The required thickness of a seamless unpierced shell]
Where E = Eqn, (22)
T
DISHED END PLATES

188. Complete hemiaphere without stays or other support made of one or more
plates and subjeot to internal pressure.—The maximum working pressure shall be
determined by the following formula :—

(6—2) x8xJ
WP = —— . . . . . ’ . Bqn. (23)
CxR
W.P. is the working pressure in 1bs, per square inch,

t 18 the thicknees of the end plates in 32nds of inoh,

B is the minimum tensile breaking strength of the end plates in tons per square
tnch, or whatever strength i allowed for them,

J 18 the least percentage of strength of the riveted joints of the plates forming
the hemisphere or seouring it to the cylindrical shell,

R is the inner radfus of eurvature in inches,

C for single riveting is 3.8,

C for double riveting is 2-9,

C for treble riveting is 2-83,

189. Dighed ends subject to internal pressure.—(a) For unstayed ends of steam
and water drums, tops of vertical boilers, ete., when dished to partial spherical form
the maximum working pressure shall be determined by the following formula :—

15 x8x (t—1)
WP = ——— . . . . . Eqn. (24)

R
W.P. {s the working pressure in 1bs, per square inch,
t i the thicknees of end platea in 32nds of an inch,

R is the inner radius of curvature of the end in inches, which shall not exeesd
the diameter of the shell to which it is attached,

B is the minimum tensile breeking strength of plate in tons per square inch, or
whatever is allowed for it,

{b) The inside radiue of curvature at the flange shall be not less than 4 times
the thickneas of the end plate, and in no case less than 2} inches.

t(c) When the end has & manhole in it (t-5), shall be substituted for (t—1) in
the formula,

(d) In the case of the electrode boilers where the attachment of ends is permitted
by fillet welding as per Regulation 104(d), for co-efficient 15, the co-efficient 10 shall
be substituted.

(¢) The total depth of flange of manhole from the outer surface in inches
measured on the minor axis shall be at least equal to-—

+/TXW=depth of flange in inches . . . . . - . Eqn. (25)

where T is the thickness of the plate in inohes and W is the minor axis of the hole
fn inches.

Norr.—The foregoing provisions shall not preclude the use of dished enda n complisnce with
Regs. 275 to 278 where not ftted with an up-take.
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190. Dished ends subject to external pressure.—In the case of unsiayed dished
ends, for the co.efficient 15 in equation (24) the co-efficient 12 ahall be substituted,
and R shall be the outer radius of curvature of plate. For plates exposed to furnaoce

flame the co.efficient shall be 10-5. In no case shall 1*'Texcered 2-75°,

191. Dished ends of Lancashire and Cornish type Boilers.—(e) For dished ends
of Lancashire and Cornish boilers with external or internal flanges for furnaces
formed in one piece, without stays and subject to internal pressure the maximum
working pressurc ghall be determined by the following formula :—

(- 8) x 30X S
P, = T . . . ] . . Eqn, (26)

W.P, is the working pressure in Ibs. per square inch,
t i8 the thickness of the end plate in 32nds of an inch,

R is the inner radius of curvature of the end in inches which shall not exoeed
one and a half timos the internal diameter of the shell to which it is attached,

B is the minimum tensile breaking strength of the plate in tons per square inch
or whatever is allowed for if.

() The inside radius of curvature at the flange shall be not less than 4 times the
thickness of the plate and in no case less than 3% inches.

192. Dished shell and firehox crowns.—(v) In determining the working preasure
fn accordance with Regulations 189 and 1900 no account shall be taken of the in-
fluence of the uptake fube in vertical boilers. If dished crown plates having up-
takes are fit for higher pressures, when oconsidered as flat plates, under Reg. 197
such higher pressure shall be allowed.

(4) The radius R of the dished part may be found as follows :—
Cﬂ +HH

R = Eqn. (27)

2H
C and H are the lengths in inches of half the base line or chord on which H i
measured and the height of the dish or camber at the middle of the chord res-
peotively.
FLAT PLATES

193. Flat plates supported by solid screwed stays, marginal seams or flanges.—
(@) ¥or plan flat plates supported by solid screwed stays or riveted marginal seams
or flanges the maximum working pmessurc shall be as follows :—
C(t—1)* ’
WP = . . . . . . . Eqn. (28)
AZ_]_BH
In this {ormula and in those following in the succeeding regulations relating
to “Flat Plates” unless otherwise spocified.
W. P. i- the worlung pressure in lbs. per square inch,
t 18 the thickness of the flat plate in 32nds of an inch,
t, 1» the thickness of the washers, strips, or doublings omployed, m 32nds of
an inch,
A 15 the horizontal pitch of stays in inches,
B is the vertical pitch of the stays in inches,
C is a co-efficient which varies in valuc with the mothod of fixing the stays and
nature of the support.
Where the plates are exposed to the direct impact of the flame the following
values of C shall be reduced 12§ per ecent.—
(' = 60 for stays screwed into the plate with their ends riveted over.
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C = 90 for stays scrowed into the plate and fitted with nuts on the outside,

(= 100 for stays passed through the plate and fitted with nuts inside and out-
gide,

C = 110 for a rivoted seam or flange, in the flat plate securing it to the shell
gside plate, end plate, furnace or uptuke.

Whero portions of plate are supported by stays or riveted seams or flanges
having various values of support, the value of C, shall be taken as the mean of the
points of support concerncd.

The support of a rivetod scam shall be assumed to be at the line through the
centres of rivets in the nearest row and of a flange at the commoencement of curvature.
In the latter case, if the inner radius of curvature of the flange exceeds 2% times the
thicknees of the plate, the support shall be sssumed to be at a distance of 2§ times
the thickness of the plate from the inner side of the flange.

(b) For portions of plate wherc the stays are irrogularly pitched D shall be used
instead of A%-B#, D being the diameter in inches of the largest cirele which can be
drawn passing through not less than three points of support, viz., the centres
of stays, or rivets or the commencement of the enrvature mp flanging, whichever is
applicable.

(¢) For the tops and sides of combustion chambers and fireboxes the distance
between the rows of stays noarest to tho back tube Iate, or the back or firchole
plate respectively, and the commencement of curvature of these plates at their
flanges, shall not be greater than the maximum pitch of the stays.

(d) For the tops of combustion chambers and fireboxes where they are joined to
the gides by curved portions, if the outer radius of the curved portion iv less than
half the allowable distance hotween the girders, the distance between the firsb
girder and tho inner surface of the side plates shall not excced the allowable dis-
tance between the girders. If the radius of curvature is greater than half the allow-
able distance between the girders, the width of the flat portion measured from the
centre of the girder shall not be more than half the allowable distance between the
girders.

(¢) Where stay tubes arc not fitted in neast of tubes, us in tube plates of loca-
type boilers, and parts of plate outside the apace occupicd by tubes are supported,
in accordance Wi‘hgl Regulation 212 (), by scrowed stuys cach stay in the row nearest
the tubes shall bo sufficient strength to support the plate up to the edges of the tube
holes in addition fo ita share of the plate on the opposite side of the line of stays.

The working pressure for the platc between {ubes and stays shall be dotermined
by Eqn. (28), A being the horizontul pitch of the stays in the nearost row, B twice
the distance hetween the centre line of stays and a line touching the tuboes opposite
them and C the co-efficient uppropriate to the kind of stay.

184. Flat plates supported by stays and nuts and large washers or sirips or
doublings.—(a) Whero the plates ar.- supportod by stays passing through them and
are fitted with nuts inside and washers and nuts outside, the diameter of the wa-
shers being at least 3% times that of the stay, and their thickness at least two-thirds
that of the plate, hut not greater than that of the plate, the maximum working
pressure shall be :—

100
W.P.=—[(b—1)3+-16t] . . . . . Eqn. (29)
As Bt

(b) where the washers have a diamocter of at least two-thirds of the pitch of
the stays and a thickness of at least two-thirds of the thickness of the plate, but not
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groeater than that of the plate, and are riveted to the plaie in an flicient manner,
the maximum working pressure shall be —

100

[(t—1)8-L - 35t,2] .. . . . Eqn.(30)
Ar B
(9) Where the plate is stiffened by strips at leadt two-thirds of the pitch of the
stays in breadth which have a thickness u¥ at least two-thirds of that of the plate
but not greater than that of the plate, and are riveted to the plate in an officient
manner, the maximum working pressure shall he -
100
W. P am e [(5—1) 14 - 55t,7]
As B
(d) Where the plates are fittod with doubling plates having & thickness of at
lesst two-thirds of that of the plate hut not greator than that of the plate, wnd are
riveted to them in an efficient manner, the maximum working pressure shall be :—
100

W.P.o=— — [(--1)8+-85t,%] . . . . Eqn.(82)
AL Bt

.. Equ (81)

195. Flat tube plates.—(@) For tho portions of tube plates in the nests of tubes
where stay tubes are required and where the minimum thickness and cross section
of tube plate are not lesa than as prescribod in Regulation 211 the maximum work-
ing pressure shall he :—

C—1)*

WP = | . . . . . . . Eqn. (33)
P
P ig the mean pitch of the stay {ubcs supporting any portion of the plate (being
the sum of the four sides of tho quadrilateral divided by four).

C = 70 for stay tubes scrowed and oxpanded into the plate and no nuts fitted,

C == 85 for stay tubes sorewed and oxpanded into the plate and fitted with
nuts.

(b) No nuts shall be fittod to stay tubes at the combustion chamber or firehox
end.

(¢) Where the plates are exposed to the direot impact of flame. the co-efficient
C shall be reduced by 12} per cent., and where the thickness or oross seotion 01
tube;ﬁ)ln.to between tubos is less than as prescribed in Regulation 211 the appropriate
vo-officieut shall be reduced in proportion to the defleit.

(d) For the wide waler spaces of tube plates betwoen the nests of tubes and
betwoen tho wing rows of tubes and the shell, the maximum working prossure shall
be :—

C
W.P. = ———— [(t—=1)%4 - 55t, %] . . . . Bqun. (34)
As-Br

A is the horizontal pitch of stay tuhes in inches measured across the wide

water space from centre to contre,

B is the vertical pitch of stay tubes in the bounding rows in inches measured
from centre to centre,

C == 60 for stay tubes serewed and expanded into the tube plates and no nuts
are fltted,

0 == 80 for stay tubes screwed and expanded into the tube plates and fitted
-with nuts,



0 == 70 for stay tubes screwed and expanded into the tube plates and nute
are fitted only to alternate stay tube,

t is the thickness of tho flat plate 11 32nd= of an inch,

{, is the thickness of the washeis, strips or  doublings employed in 32nds of an
noh.

() Whore the plates are exposed to the direct impact of flame, the co-efficient
(0 shall be reduced 12§ per cent.

196. Plates sapported by gusset stays.—(a) Fovthe end plates of Lanoashire,
Cornish, Vertioal and Locotype boilers, and other flat surfaces supported by
irregnlarly pitched gussct stays. the maximum working pressure shall he :—

C (6-1)»
W.P.=o . . Eqgn. (36)
Dﬂ

D 18 the diameter in mches of the largest circle which can be drawn passing
through not less than three poiuts of support, viz.. the centre lines of rivets or the
commencement of the curvature of flanging, whichever is applicable.

C = 100 for plates not exposed to flame.

C = 88 for plates exposed to flame.

(b) Where such plates are stiffoned by suitable tec or angle bars securely riveted
to the plates within the circle D, the appropriate co-efficient may be increased thirty
per cent.  Such stiffening bars shall be placed so as to transmit their load in a direct
manner to the gueset stays or shell plate.

(¢) For the part of the end plate containing the manhole in Tancashire boilers
the maximum working pressure «¢hall be :-—

‘.’\’P::T?)—ﬂ[(tml)'-{-(tl_l)ﬂ . .. . . Equ (36

D18 the diameter in 1nches of the largest eircle which can be drawn enclosing the
manhole and passing through the centres of the rivets in end plates connecting the
shell and gusset angles and fimnaces or to the commencement of curvature of flang-
ing, whichover 18 apnlicable where the cirele pagses through only three of the possible
five points of support mentioned the remaining two shall he embraced within the
circle.

t j& the thickness of thn end plautes 1 32nds of an inch,

t, is the thickness of the base of the mouthpices or flat ring in 32nds of an inch,

(l == 90 where the manhole mouthpiece ia either of mild or cast steel, and has
a tnred-in §angoe of a depth, measurod from inside of end  plate, of not less than 4
timen the thicknoess of the end plate, and thickness not less than the thickness of
the cnd plate,

C =70 where only a fiat steel compensating 1ing iy fitted,

Cis to be tuken as the mean of the points of support through whieh circle passes
in accordance with Regulation 193 wherc there 1 no mouthpiece or flat ring and the
end plate 15 flanged around the manhole to the depth required in Regulation 201.

197. Flat Crown plates of vertical boilers.—(a) For ihe flat crown plates of
vertical boilers either with or without bolt stays, Equation (35) shall be used in deter-
mining the working pressure with C=80, when the plates are not exposed to flame, and
70 when thoy are expo-od to flame, In this cagse D is the diameter of the largest cirole
in inches that can be drawn passing through the centres of the rivets or bolt stays
when fitted, or the commencement of the curvature of the flanging, whichever ig
applicable. Where holt stays are fitted with washers of the same thickness as thy



plate securely riveted thoreto, the circle shall pass through the centres of the wagher
rivets but where the washors are not riveted or where none are fitted the circlo shall
paas through the contre of the stays. In the easc of clectrode hoilers where the attach-
ment of ends is permitted by fillet welding as per Regulation 104(d), the working
pressure shall be determined by Equation (35) with C=40.

(b) Whero the crown plate is flanged tho inside radius of eurvature at the
flange shall not be less than 4 times the thicknesy of the end plate, but in no case
less than 24°.

198. Circular flat ends of drums, etc., supported only at edges.—(z) For those
ends C in Equation (35) shall be taken as 140 whon the plates are not exposed to
flame, und 122-5 when they are exposed to flame. In this case the circle D shall
pass through the centres of rivets or holts securing the end to the shell or, where
the end is gnngad, through the commencemcent of curveture. i

(6) Where flanged the inside radius of curvature at the flange shall not be less
than 4 times the thickness of the end plate but in no case less than 24",

109. Bar or bulb stiffened end plates and smokebox tube plates of locotype
boilers.-—Where such plates instead of being supported by stays are stiffened in the
gteam space by substantial tec or angle bars securcly riveted to the plate and ex-
tending across the plate to within the margin allowed by Equation (37) or where
such plates are formed with a deep bulb extending across the plate to well within
the marpin allowed, for the support thus given,

C shall be taken as equal to 80 and 70 for plates not exposed, and exposed, to
flame respectively. The margin or piteh for such stiffening shall he measured from
the centre line of rivets or commencement of corvature o%bulb provided it is not
more than 2 inches from the centre line of bulb.

For the flat plate above the stiffenes or bulb, C shall be taken as the mean
of the valnes uppropriate for the points of support.

200. Flat plate marging.—The amount of support in relief of stays which may
be oredited to the sides of shells, furnances, uptukes, fireholes and foundation rings
;0 which flat plates are attached shall not exceed that found by the following
ormula :~-

Cit—1)
VWP
t = Thickness in 32nds of an inch
W.P. = Working pressure in I per sq inch
C = 347 for plutes exposed to flume
} = 3-70 for plates not exposed to flane.

Where the plates are flanged the margin shall be measured from the commen-
cement of curvature or from a line 2§ times the thickness of the plate distant from the
gide of the flange next to the inner radivs of the eorner whichever is the less. In
ather cases, the margin shall be measured from the centre line of rivets in the
nearert row of the seam by which the flnt plate is attached.

Width of margin in inches = Eqn. (37)

Doubling plates shall cover the area supported between the stays and extend
beyond the stays so that the contre of the rivets securing the doubling plate to
the end plate shall be ut least half the distance from the outermost stays to the noarest
substantial point of support.

Where flat end plates are flanged for connection to the shell, the inside radius
of flanging shall bhe not less than 1-75 times the plate thickness with a minimum of
1} inches.
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201. Manholes and Mudholes in Flat Plates.—Where & flat plate is flanged to
stiffen. it at a manhole or sighthole, to permit same working pressure as would

be allowed upon an unpierced plate, the depth of the flange measured from the
outer surface shall be at least equal to—

A/ T x W=depth of flange in inches . .
Wheore T is the thickness of the plate in inches, and

W is the minor axis of the hole in inches.

Eqn (38)

STAYS

202, Solid screwed stays.—For sorew stays to combustion chembers and fire
boxes and for longitudinal and cross stays, the maximum working pressure for the
stays is to be caleulated from the appropriate onc of tho following two formules :—-

C 1-28 @
WE = - (D__-H

. . . . . . Eqn. (39

A N qn. (34)
CxD,?

WP = A . . . . . . . Eqn (40)

W P.is the working pressure in s, per square inch,
D is the diameter of stays over throuds in inches,

D, is the diameter of body of stay at its smallest part in inches,
N is the number of threads of stay per inch,

A is the arca in square inches supported by one stay [for area to be suppocted
by stays near tubes in firchox tube platos of locotype boilers, see Regulation 193(c)],

C=7100 for steel or speeial wrought iron screw stays to combustion chamhber
or fireboxes

('=8640 for steol longitudinal or cross stays fitted with nuts,

C=4700 {or vopper screw stays to fireboxen,

Where stays ure made with enlarged ends and the body of the stay 1 smaller

in diaweter than at the bottom of the thread the working pressuro shall he caloulatod
{rom the second formula.

203. Stresses in steel jointed stays.—(a) The scction of least strength whother
of slay, rivets, shackle or pin shall be used in calculating the working pressure
for the stay. For parts in tension u stress of 9,000 Ihs. per squaroe inch of net sootion
shall be allowed, and for parts in shear a stress of 8,000 lbs. per square inch of net
gection.

(b) Parts in double shear shall be allowed o section of 1-875 times the single
geclion

204. Stay tubes.—For ~tav tubos, whothor of wrought iron or steel, seamless

or lap-welded the maximum working possute shall be calculated from  the follow-
jng formula :—

5900 ] o2gy e
WP = T_[(m— N )_Dla]- . . - Eqn. (41)

1 is the diameter of the {ubc over throads in mches,

D, is the internal diameter of the tube under the threads in inches,
N is the number of threads of stay per inch.
A ig the area in square inches supported by one stay tube, measured from ventre

to centre of stay tubes. When the area contains tubes or parts of tubes their agpTe-
s« ¢ ures, caleulated from their smallest external diameter of body when in tensing
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and smullest internsl dismeter when in compression, shall he deducted from the
area of the conteining figure and the remuinder nsed ag A in the formula,

2056. Stt_:.ys in 'tension and compression.- (n) The same stress shall be allowed
in COMmPression s in tenston.  The ~trength of short stays in compression and not
Kable to bending shall be ealoulated on the net section of the stay at bottom of thread

or in holy, whichever is Teas,

(1) The stress to be allomed on any stay or part of a stay not provided for in
foregomy shall be the same as that allowed for stays or parts of stays of wpproxi-
mately hike kind in similav cordition-. '

206. Measurements of stayed areas in the end plates of locotype and verticaF
boilers.——When the aroas supported by ~tuys aro semi-gircular as in  the upper
parte of the end plates and smokebox tube plates of locotype hoilers, or annular
a8 in the crown plates of vertical type hoilers, the area to be supported b,y stays, A in
Eqns. 39 and 40 ghall, in the first cuse, bo the area of the plate contained within
the margins credited to casing or buarrel gides, serew stays, fire door ring or tube stays
as the cage may be, and in the second case be the area of the annulus between tﬁe

margins credited to uptake and shell, When bolt staying is necessary, the stays shall
be properly distributed ; the aperegate stay seotion shall then be used in the formula

for oaloulating the working pressure.

207. Gusset stays.—-The muaximun working pressure for gusset stays shall be
calonlated by the following Jormula :\— ) ’ ’

BEqn. (42)

W.P. = — a
A

C, the co-efficient, is the number representing the lenst of the following :-

(1) N < Ay

(2) Ny Agx1-87b.

(3) Ny <Ay <1-876.

(4) NyxAg.

(5) (G—NgDy) ~ (b —2) 037,

(6) (GI—DS) A (t—’2) - 037

N Ny, Ny, N, D, Dy, Dy, Di‘. and Ay A, A, Ay are respectively the numbers
diameters and sectional areas of the rivets in the joints of each gusset stay on_]yv
rivets in the supported urea, to be considered offective the order of the joints ’bein
(1), angles to cnd plate, (2) end plute nngles to gusset, (3) shell angles to gusset, Emg
(4) angles to shell,

G is the depth in inches of gusset platc measured through the line of rivets
attaching it to the end plate angles.

@, is the depth in inohes of gusset plate measured normal to the slant edge of
plate through the rivet nearcst to the end plate in the joint attaching gusset plate
to shell angles,

1 is the thickness of the gusset plate in 32nds of un inch,

A is the area in square inches of flat plate supported by the gusset stay
which, in the case of Lancashire and ('ornish boilers, shall be determined as follows :

(8) The margins allowed under flat plate regulations for shell and furnace shall
be marked on end plates and the lengths of the centre lines of gussets between them
measured, also the distance between each pair of gusget lines from the middle of the
wmaller in & direction normal to the greater. If L and Iy be the lengths of two adjacent
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%unmet. lims and if the distancs between them be W, the area contained by the gusset
and the shell and furnace margin lines may be apportionsd between the stays
thue (—

W(SL-+1y)
== Portion of area in square inohes,
8
apportioned to L line guaset . . . . . Eqn. (43)
W@ IL,+L)
—e—n— —— = Portion of area in square inches
8
apportioned to L, line gusset . . . . Eqn. (44)

(b) The portion of the area on the other mde of each gusset hne shall, except
when of triangular form, be found in like manner and its amount added to that al-
reedv found to form the total.

(0) For the triangular portions in the wing spaces the area shall be taken as
half the product of the length of gusset line into the perpendicnlar diatance between
it and the intersecting point where the marginal ourves meet.

BOLTS AND STUDS

208. (a) Bolts aud studs connecting parts of hoilers such as shell, end plates,
tube plates, furnaces, uptakes, extemaﬁly fitted manhole covers, mountmgs, eto.,
may be made either of steel or good quality wrought iron.

(b) The maximum working pressure for the bolts or etuds shall be caloulated
by the following formula :—

NxC 1-28y
WP = (D ) . . . . . . Egn. (45)
A

n

D is the diameter of bolt or stud cver threads in inches,

N i3 the number of bolts or stude securing the part,
n 18 the number of threads of soréw per inch,

=4,700 for steel bolts or studs of 28 tons/zq. in. minimum ultimate tensile
stress where the diameter over throad is less than 3/4 inch.

C=-5,100 for steel bolts or studs of 30 tons/sq. in. minimum ultimate tensile
stress where the diameter over thread ie less the 3/4 inch.

C=5,600 for steel holts or studs of 35 tons/sg. in. minimum ultimate tenaile
atross where the diameter over thread is less than 3/4 inch.

C=56,800 for stecl holts or studs of 28 tons/sq. in. minimum ultimete vensile
strers where the diameter over thread is not Jess than 3/4 inch and not greater than
7/8 inch,

C="1,000 for steel bolts for studs of 28 tons/sq. in. minlmum wultimate tensile
stress where the diameter over thread is greater than 7/8 inch.

When the material is iron, a reduction of 15 per cent shall be made in the work-
ing pressure aa calculated by the formula.

A the area in gquare inches of the surface supported by the bolty or studs, For
jointed flanges the area shall be taken to extend to midway between the pitch line
of the holts and the inner edge of the flange by which the part ig secured,
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TUBE PLATES

200. QOmpressiop of tube pletes.- (a) For fire-box or combustion chawber 1ube
plates which are subject to compression due to the pressure on the roof plate, the
maximum working pressuro shall be +— ’

Cx(P—D)xt
W-P- = - - . . M . . E 6
LxP qn. (46)
t is the thickness of the tube plate in 32nds of an inch,
N iJJP isttﬁe ({)itchdogj the tulﬁos in inches, measurod horizontally where the tubes are
.ohain pitehod, and diagonally where the 1ubos are zigzs itched and the di
pitch 1s less than the horizontal, gzog pite o e diagonal
D is the internal diameter of the plain tubes in inches,

L is the internal length of the fire-box or combustion chamber in inches measured
at top between tube plate and firehole plate or back plate, or hetween tube plates
in doublo ended boilers with combusation chambors comamon to two opposite fur-
naces,

(=875 for steel and 4375 for copper.

Provided that the above formula shall not apply in the case of fire-boxes where
.the girders do not rest on the tube plate, or where the roof plate is stayed direct to
» the outer shell or to girders supported by the shell. '

(b) where girders rest on the side platos or the roof plate ig so formed that the
] cad 13 carricd both by side and end plates, in no oase shall the compressive stress on
the plates exoeed 14,000 1ba. per square inch for steel of 7,000 Ths. per square inch
for copper.

210. Parts to be stayed.—(a) Tho stifinces of tubn })]g],t(\g and Pit(vh of staye
within the nests of tubes where stay tuhes are required and where marginal stay
tubes are required in support of blank spaces udjacent Lo or between the nests shall
be determined by flat plate rules under Regulation 195.

(b) Tube plates within .the nosta of tubes whether fitted with stay tubes or not
shall comply with the requirements of Regulation 211 in regard to thickness and
eross section hotween {ubes.

211, Minimum thickness and cross section.—To provide a sooure attachment
for plain tubes in the tube plates the thickness and cross section  of tho plate hetween
‘the tube holes shall not be less than - —

Steei tube plate,

125D+ - 2==minimum thickness in inches . . . . Eqn. (47)

17D+ 026 =minimum cross section in square inches . . Equn. (48)
Copper tube plate,

9D+ «4—minimum thickness in inches . . . . . Eqgn. (49)

527D — - 263 =minimum cross section in squure inches . Eqn. (60)

D is the diameter in inches of the tube at tho purt of attachment to tube plate.
Where the thickness angl oross section of the tubo plates are less than the minimum
the appropriate co-cfficient jn Eqn. (61) shall bo reduced in proportion to the
deficit.

212. Holding power of plain_tubes.—(u) Where tube plates are not specially
stayod in neats of tubcs, the working pressure, based on the holding power of the
tubes shall not. exceed thut found by the following formula,

CxD
W.P. = —Am . . . . . . . . . Eqn. (51)
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D is the diamaster of tube ab the part of attachment to tube plate in inches,

A is the aren in square inchos of the tube plate supported by each tube, which
generally may be taken as the product of the hiorizontal and vertical pitches of the
tub> less the area of the tube itsclf,

C == 470 for tubes cxpanded into parallel holes in steel or irontube plates,

C = 530 for tubes expanded into taper holes in steel or irontube plates.

For coppor tube plates or copper or brass tubes the appropriato co-cfficient
should be roduced 20 per ocent.

(b) In tho unstayed tube plutes of locotype boilers and in other tube plates in
which stay tubes arc not required the support afforded by the plain tabes shall not
be tuken Lo extend beyond the lines enclosing the outer edges of the tubes. Parts
of flat plate outside this line shall cither lie in the plate margin or be separately
supported. No account necd be taken of the stiffness of tubo plate in the nesta of
tubes when the above conditions are fulfilled.

Ordinarily the requirements of this clause are applicable only to expanded smoke
and water tubes in flat continuouns tube plates containing more than one row of
tubes.

(See Reg. 1562 for attachment of tubes in Water tube boiler.)

213. Tube plates, other than ends, of vertical boilers forming peris of cuter shell.—
{a) When vertical boilers have a nest or nosts of horizontal tuhes so  that there is
direcl tension on the tube plates due to tho vertical load on the boiler ende, or to
their acling a3 horizontal ties across the shell, the thickness of the fube plates and
the spacing of the tubes shall be such that the section of metal taking the load is
sufficient to keep the stress within that allowed on the shell plates.

(b) Each alternate tube in the outer vertical rows of tubes shell be a stay tube,
The tube plates botwecen tho stay tubes shll be in accordance with the rules for tube
plates and in addition, considered as part of shell, the maximum working pressure,—

1724 (t—2) } (P—D) xS
W. P.= . . . . . Eqn. (§2)
RxP
t is the thickness of the tube plate in 32nds of an inch,

I* is the vertical pitch of the tubes in inches,
D is the diameter of the tube holes in inches,

8 is the minimum tensile breaking strength of the tube plates in tons per square
inch, or whatever is allowed for them,

IR is the radial distance of the centre of the outer row of tube hole from the
axis of the shell in inches,

214. Curved Tube plates of water-tube boilers.—For tube plaics forming part of
cylindrical drums the maximum working pressurc shall be
33 3t—4) xExS
WP = . . . . . . Eqn. (53)
D

t = thickness of tube plate in 32nds of an inch,

F =Effciency of the longitudinal joint or the ligament between the tube holes,
whichever is less,

8 = Minimum Tensile Stress of the tube plate in tons per sq. in. or whatever
is allowed {for it,

D =Inside diameter of the drum in inches.
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215. Efficiency of ligament.—(r) When a shell or drum is drillcd for {ubes in
a line parallel to the axis of the shell or drum, the efficiency of the ligament botween

the tube holos shall be determined as follows —
(@) When & pitoh of the tube holes on every row is equal (as in fig. 10). the for-

mula is :—
p—d
= efficiency of ligamoent. . Eqn. (54)}

?
Where p = pitch of tube holes, inches,
d = diamoter of tube holes, inches.
The pitoh of tube holes shall be measured either on the flat nlate before rolling

or on the median line after rolling.
EBxample—Pitch of tube holes in the drum as shown in Fig. 10~ 6} in. Dia-

meter of tube = 3}”. Dianmetcr of tube holes = 3-0/32".

p—d  5-25—3-281

| 00000000
PO DGD

ongitvainal Ling e 3

Fig. 10. Exqmple of Tube Spacing with Pitch of Hol s
oqual in every Row.

(b) When the pitch of tube holes on any one row is uncqual (as in Figs. 11 & 12)

=0-375, efficiency of ligament,

the formula is :(—

p—nd
= cfficiency of ligament. . . . . . Equ (55)
r
Where p = unit length of ligament, inches,
n = nuwber of tube holes in length p,
d = diameter of tube holes, inches,
Diameter of tube holcs = 3-9/32".

Example.—Spacing shown in Fig. 11.

p—nd 12 —2 x 3281
= = 0-453, efficiency of ligament,

54 —E—si—ﬁﬁ §

D00

Lungifya 19/ L At mm——

Fig. 11. Example of Tube Spacing with Pitch of Holes
Unequal in every 83cond Row.

Erample.—S8pneing shown in Fig, 12, Diameter of tube holes = 1.9/32"
pnd  29-25—5 x 3-281
= = 0-4"9, officionoy of ligament.
29-25

12

P
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_EBE 55”§- 64" 54”—:-4] 54"
———————————— 294"

Longrtvdinal Ling ea—p.

Fig. 12 Examplz of Tuba 8pacing with Pitch of Holes varying in
every Sscond and Third Row

(¢} The strength of {hose ligamonts betwoen the tube holes which are subjected
to o longitudinal stress shall be at least one half the required strength of those
ligaments which ocome between the tube holes which arc subjected to a circum-
ferential stress.

(d) When a shell or drum is drilled for tube hole so as to form diagonal ligaments
a8 shown in Fig. 13, the efficiency of these ligaments shall be that given by the dia-
gram in Fig. 14,

and the ordinates  ——
d P
Whero p == longitudinal piteh of tube holes, or distance between centres of
tubes in & longitudinal row, inches,

p’ = diagonal pitch of tube holes, inches,
¢ = diameter of tube holes, inchea.

In this diagram the abacisses arc

Lapgrrudinal Ling —w »
Fig. 13. Example of Tube Spacing with Tuba
Holes on Diagonal Lines

r r
To use the diagram in Fig. 14, the values of—— and ——

d P

!

are computed and the efﬁcienc{ for the corresponding points is read off from the
diagram. Should the point fall above the curve of cqual officiency for the diagonal
and longitudinal ligaments, the longitudinal ligaments will be the weaker, in which
oage the efficiency 18 computed from the following formula :—

p—d

P
Hzample.— (1) Diagonal pitch of tube holes in drum ag shown ‘n Fig. 13 =
6 42 in.
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Diameter of holes = 4, in
Longitudinal piteh of tube holes = 11¢ in.

P 11-5 ' 642
= = 2853 - = = 0-558.
d 4-031 P 115

The point corresponding to these values is shown at A on the diagram in Fig. 14
and the corresponding efficiency is 35-3 per cent. As the point falls below the
ourve of equal efficiency for the diagonal and longitudinal ligaments, the diagonal
ligament is the wealer.

(2) Diagonal pitch of tube holes in drum = 6-35/64 in.

Diameter of tube holes . . = 4-1/64 in,
Longitudinal pitch of tubd holes = 7 in,
P 7 p 6547
— = = 1743 — = = (-935.
d  4-0156 P 7

The point corrosponding to these values isshown at B on the diagram in Fig. 14
and it will be seen that it falls above the line of equal efficiency for the diagonal and
longitudinal ligaments, in which case the efficiency i3 computed from formula (1),

Applying formula (1), wo have :

7—4-0156
— — — = 0-426, efficienoy of ligament, or 42-6 per cent.
7



i
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For holes placed longitudinally along & drum but which do not come in a
straight line, the above rules for caloulating efficiency shall hold, excopt that the
equivalent longitudinal width of a diagonal ligam>ynt shall ba used. To obtain
the equivalont width the lonritudinal piteh of the two holes having a diagonal
ligament shall be multiphed by the ei%mency of the diagonal ligamont. The
efficienoy to be usod for tho diagonal ligamonts is given in Fig. 15.
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BOILER AND SUPERHEATER TUBES SUBJECT TO INTERNAL
PRESSURE

218. The maximum working ptessure for the tubo shall be determined by
Equation No. 87. (See Regulation 338).

The minimum thickness of the tubes shall comply with the table given in
Regulation 338(h).

HEADERS AND SECTION BOXES OF WATER TUBE BOILERS

217, See Egn. 88 , . . . . . . . . Reg. (340)

BOILER TUBES (SMOKE) SUBJECT TO EXTERNAL PRESSURE

218. 8teel and Wrought Iron Tubes.— (¢) The maximum working pressure for
the tubes shall be .—

100 (t — 6)

Eqn. (56)

W.P. ==
D

t is the thickness of the tubes in 100ths of an inch,

D ia the extornal diameter of the tubes in inches,

(b) No tube shall be less than 12 8. W, G. (-104") thick.

219. Brass and Copper Tubes.—The thickness of tapered brass and copper
smoke tubes for locomotive boilers shall, in the case of tubes of an external dia-
meter of 1} to 1f inches inclusive, bo not less than 12 8. W. G. (-104 inch) at the
smoke-box end and 10 S.W.G. (-128 inch) at the other and in the case of tubes of
an external diameter of 2 to 2§ inches inclusive, the thickness at the smoke-box
end shall not be less than 11 8. W. G, (-116 inch) and at the other end not less
than 9 8. W. G. (-144 inch).

FURNACES

220. Plain Furnaces of Horizontal Boilers.—For plain furnaccs or furnaccs
strengthened by Adamson or other joints or stiffeners of sufficient strength and for
the semi-cylindrical tops of fire-boxes and bottoms of combustion chambers where
the sides are gecurely stayed, the working pressure shall not exceed the smaller of
the values obtiined from the following formuls—

C  (t—1)

WP =— x . . Eqn. (867)
D (L 124)
Gy

WP = — x [10 (t—1)—L] . . . . . . Eqn. (58)
D

D is the external diameter of the furnace or chamber top or bottom in inches,

t is the thickness of the furnace plate in 32nds of an inch,

L is the Iength of the furnace or other part in inches measured between points of
substantial support, 7.2., centres of rows of rivets in ond seams or commencement of
curvature of flange, whichever is applicable,

= 1450 where the longitudinal seams of steel furnaces are welded and 1300
where they are riveted,

C = 725 where the longitudinal scams of circular copper fire-boxes or furnace
are fitted with double butt straps and 650 where they are lapped,
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C, = 50 where the longitudinal seams of steel furnaces are welded and
where they aro riveted.

C, = 25 where the longitudinal seams of circular copper fire-boxes or furnaces

are fitted with double butt straps and 225 where they are lapped.

221. Corrugated Furnaces of Horizontal Boilers.—'fho maximum working
pressure to be allowed on corrugated furnaces shall be determined by the following
formula—

(o}
WP == (t—1). . . « + . « . .Eqn (59
D

D ia the least external diameter in inches measured at the bottom of the
corrugations on the water side,

t i the thickness of the furnace plate in 32nds of an inch measured at the bottom
of the corrugation or chamber,

C = 480 for the Fox, Morrison, Deighton, Purves, and other similar furnaces
and 510 for the Leeds Forge Bulb Suspension Furnace.

222, Plain Furnaces of Vertical Boilers.—The same formuls as for the plain
furnaces of horizontal boilera ehall be used, but where the furnaces are tapered, the
diameter to be taken for caleulation purposes shall be the mean of that at the top
and of that at the bottom where it meets the substantial support from flange or ring.
The length for the same purpose shall be the distance from the centre of the row of
Tivets connecting the crown and the body of the furnace to the substantial support
at the bottom of the furnace, or to a row of serowed staya connecting the furnace
to the shell, provided that the pitch of stays at the furnace does not exceed 14 times
the thickness of the furnace plate when the stays are riveted at their ends, or 16 times
when the stays are fitted with nuts. Such screwed stays shall be in d.ameter over
the throads not less than twice the thickness of the furnace plate and in no case
less than §’—diameter (sce Reg. 135(d).)

223. Hemispherical Furnaces of Vertical Boilers.~ When  {uvrnscces arc hemi-

apharical m form anl sabjact to prassurs on the convex side and are without
support from stays of any kind, the maximum working pressure shall he :—
276(t—1)
P=— . . . . . . . . Yaqn.(60)
R

t is the thirknoss of the top plate in 32nds of an inch,

R is tho outer radius of curvaturo of the furnace in inchos.

224. Corrugated Fireboxes of Vertical Boilers.—For the somi-spirelly corrugated
firoboxes of “SBentinel’’ standard motor wagon boilers the working pressure shall be
determined by tho following formula ;—

C (t—1)
Poes=—— . . . . . . . . . Eqon(sl
b

t is the thickness of the firebox plate in 32nds of an inoh,

D ie tho mean of the external diameters of firehox moasured over the plain part
at earh end at commencement of ourvature of {lange.

C = 390.

228. Foundations of Vertical Boiler Furnaces.—Whore circular furnacos or
fireboxes of vertioal boilers are not conneoted to the shell crown by uptake tube,
smoke tubes or bolt stays and the whole load on the firebox vertically is borne
by the bottom part of the firebox where it is conneoted to the ehell the working



pressure for the part, if firebox is joggled outto meet the shell orifan ogee ring is
fitted, shall not exceed that found by the following formula —
140(b—1) :
Po= ——- . . . . . . . .Eqo (62

t is tho thicknoss of the joggled firebox plate or ogee ring in 32nds of an inch,

D is the inside diameter of the boiler ghell in inchos.

D, is the outside diameter of the joggled firebox at the commencement of our-
vaturo abovo joggled part or tho outside diameter of the firebox where it joins the

ogee ring.

226. Foundations of Locc-type Boiler Fireboxes.-—Whero tho firo-box roof in loco-
type boilers is not stayed direot to the external casing orown or to girders carried
by the oasing or is not connected to tho casing by slings in accordance with Regula-
tion 229 (¢) and the whole load on the firebox vertically is borne by the bottom
parts of the firobox where connectod to tho external vasing the working pressure for
the parts, if plates are joggled out to meet tho oasing or if an ogeo ring is fitted,
shall not exceed that found by the following formula —

70 (t—1)8 X (L+W)
W. P.= . . . . . . . Eaqn. (63)

t is the thicknogs of the joggled firobox sido plates or fire hole plate (whichever
is less), ogoo ring in 32nds of an inch,

L is the length of firebox casing in inchos moasured between tho water sides of
front ond plate and saddle plate at the foundation seam,

W is the width of firobox oasing in inches moasured betweon the water sides
casing sido platos at the foundation seam,

W, is the width of firebox in inches measured botwoen the water sides of firo
box sido plates at the commencement of curvature above jogeled part or whers it
joins the ogee ring,

Whero only a comparatively narrow strip of the firebox roof is stayed directly
to the casing crown the area so stayed shall be doducted from the area roprosented
by L. X W in the hottom line of the formula thus, (Y. X W—A) (W—W,) and so used
in Equation (63) in determining the working pressure for the parts, “A” being the
area in square inches of the part of roof supported by the casing erown.

227. Cross Tubes.—The working pressure of the tubes shall be determined by
tho following formuly —

200(t—7)

WP = ——— — . . ; . ) ) . Eqn. (64
> qn. (64}

W. P.= Working pressure in lbs. por sq. inch,

t== minimum thicknoss in 32nds of an inch,

D= the internal diagmeter in inchos of the cross tube.

228. Uptakes of Vertical Boilers.—The working pressure for uptako tubcs of

vertioal boilors shall he determined by Eqns. 57 and 68 but only half the least pressure
8o found is to be allowed for uptake tubes.
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SUPPORTS FOR COMBUSTION CHAMBER AND FIREBOX OROWN

229. @irder stays for firehox crowns.——(a) For girders supporting crown plates
of rectangular firehoxes, where the ends of the girders are supported by the vertical
end or sideplates, their proportions shall be calculated from the following formula:—

CSTds
WPo=—oouo-— . . . . . .+ . Eq.(8)
'Y
Where WP = Woiking pressure in lb. per &q. inch,

S8 = Minimum teusile stress of the material in tons per sq. inch,

T = Total thickness of the stay in thirty seconds of an inoh,

d = Depth of the girder stay in inches,

L = Length of girder stay in inches measured belweon the inside
of the tube plate and the firehole plate, or between the inside
of the side plates, according to the method of support.

Y = Pitoh of girder stays in inches,

C = 22 for stecl plates or steel forgings 19 for steel castings.

(b) Where girders are supported in any other way than by the end or vide plates
of the firebox or combustion chamber the calculations for determining the working
pressure shall be made in accordance with the actual conditions of support.

In such cases the length of the strip of firebox or combustion chamber top
plate to be supported by the girder shall, subjcet to the Limit imposed on the distance
of the noarest stay, be tuken as equal to the product of the number of bolts carried
by the girder into the pitch of the bolts. A maximum nominal stress of 14,000 Ibs.
per aquare inch on girder seotion shall be sllowed for stecl.

(¢) Slings, links, pins, rivets, and connections {0 shell of slung girders shall be
sufficient to carry the whole load that would otherwise be carried by tbe girder, and
ecach girder must be equally slung or supported. For siresses allowed on the scetions,
see Regulation 203.

(d) In the cage of girders supported at the ends only by angle bars riveted to
the casing crown, the length L may, when the girder extends over the full breadth:
of the angle face, be taken us the distance between the centres of the angle faces,
When this distanco does not oxceed that of L in the formula, the pressure shall be
determined in the ordinary way. The supporting angles and rivets shall be of suffi-
olent section for the intended pwpose. For stresscs allowed on the sections, sec
Regulation 203.

PATENT FIREBOX ROOFS OF LOCOTYPE BOILERS

230, Marshall Type.—For Messrs.  Marshall Sons and Company’s patent
stayless roof for firchoxes of locotype boilers made of stecl in which the centre lines
of the corrugations meet the centre lines c¢f the end riveted seams al points not
farther distance from the side plates than one half the inner radius of curvature of the
ocorner formed by the roof and side plate, in order to ensure thut the thickness and
height of the pressed diagonal corrugations of the eamber aro satisfactory, the
working pressure shall not execed the smaller of the values obtained from the follow-
ing formule (—

25000 (+—1) x He

WP = . Kqn. (60)
WXxLXy/ Wt 12
55 (t—1)7x (W X /W3- L2)e

WP = . . . . . Eqn. (87)

Wi 1s
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t 18 e thickness of the roof plate in 32nds of an inch,

H is the height of the corrugation at its highest part measured perpendicularly
on one sido of the plate in inchos,

. Wis the width of the roof plate between tho flat of side plates at top less the
inner radius of curvaturc of corner of roof and side plate in inches, i.e., 'W+radius
= internal width of firebox at top,

L is the length of the roof plate botween centre lines of rivets in inches.

231. Garrett Type. --For Msssrs, Richard Garrott and Son’s corrugated stay-
less roof for fireboxes of locotype boilers made of steel in which the side corruga-
tions arc parts of true circles and the radius of the middle corrugation is not more
than about }uh of tho radius of the ouler corrugations and the corrugations are cam-
bered longitudinally, the working pressure shall not excecd the smaller of the values
obtained from the following formule :—

C  (t—1p
WP = — x . . . . . . Eqn. (68)
R (L)
o
W.P. T;_- x[0(b—1)—L] . . . . . . BEquo(69)

t s the thickness of the corrugated plate in 32nds of an inch,
L is the length of the roof plate between centre lines of rivets in inches,

3 1 the external radius of the side corrugations at the middle of the length in
inches,

C = 363 whero the roof and side plates arc in one piece and 325 when they are
riveted,

Cy = 12-5 where the roof and side plates are in one pieco and 1125 where they
are riveted.

232. Fowler Typa.—(a) For M sars. John Fowler and Company's (Loeds) corruga-
ted roof for firoboxes of lo -otype boilers made of ateel in which tho crown of the roof
is {ransversely curved and corrugated in the style of Fox’s corrugated furnace and the
roof plate, if not sol.d with the side plates of the firebox, is securely riveted thereto
and to the flanges of the tube plate and firehole plate and there is a row of suitably
sized and spaced screw stays below the commencement of corrugations on each side
attaching the roof plato 1o the external casing, when the conditions hereunder are
complicd with, the working pressure shall not exceed the smaller of the values obtain-
ed from the following formule —

C (t—3)
wr =— . . . . . . . . HEqn. (70)
R
Cy (1)
WP, =~ e« « < . . . Equ(m)
W

t is the thickness of roof plate before corrugations arve formed, in 32nds of an
inch,

1, is the thicknoess of side plates of firebox to which roof plate is attached in
32nds of an inch,

R is the radius of transverse curvature or camber of middle part of corrugution
measured fiom the bottom of eorrugation on water side, in inches,
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W is the width of firebox in inches measured over water sides of side plates at
the seams attaching them to roof plate,

C = 240,

¢, = 875,

(b) Th: corrugations measured from top to bottom on one side, shall not be

less than three timoes the thickness of the fintshed plate in depth and not more than
12 times the thickness of the finished plate apart.
~ (¢) The inner radius of corner at sides where corrugations merge into the flat
sides shall be not less than 4 times the thickness of the finished plate.
(d) Tho length of the plain parts at ends of roof between the centre lines of

riveted scams and commoencement of curvature of corrugations shall not exceed that
allowed for flat plate margins unider Regulation 200,

CHAPTER V

FUSION WELDED AND SEAMLESS FORGED DRUMS FOR WATER TUBE
BOILERS AND SUPERHEATERS

GENERAL REQUIREMENTS

233. Whers applicable tho genoral torms of Chapter I reluting to Cortificatcs
from Makers, Inspecting Authorities, ete., and of Chapter III concerning construc-
tion should be followed.

MATERIALS OF CONSTRUCTION

234. Material For Fusion Welded Boiler Drums.—(a) The requiréments of Re-
gulations 9 to 20 so fur as they relate to plates, shall apply to steel plates for fusion
welded boiler drums excepting that the ultimato tensile strees and elongation of the
materials shall be between the limits shown in table below and shall be specified for
each component part of the boilers.

Ultitnato tenaile;  Minimum oloagation

Degoription ytrony per cont.
Toas por sy. in. Tost pwee A or B
Platos tor deam sholly (L, weaoper platw and |28-32 20
tuba platos).
{'26—3() 23 for 26—30 tons por ag. in
I

|y
Drum walds, stand or branch pipo. anl soatings l{ 28-32 20 for 28-32 tonu per vq. in
for mountmgs. ! l
[

(b) Plates over 2" in thickness before being fabricated, shall be uniformly heat
treatod to produce grain rofinement. Heat treatment involving quenching in a
liquid medium is not permitted.

SEAMLESS FORGED DRUMS

236. Process of Manufacture.- —Carbon sieel for soaml ss steol drums shall bo
made by the open hearth or an electric process, acid or basic.

236. Chemical Analysis.—'I'he stoe] shall contain not more than 0 06 per cent.
of sulphur or of phosphorus.

237. Freedom from defects.—The drum shall be free from surface defects and
shall be machined to the prescribed dimensions.



Defects in forgings shall not be repaired without the previous sanction of the
Inspecting Officer.

238. Heat treatment.— Each drum shall be cfficiently heat {reated :
(a) At various stages during manufacture, as required.
(b} On completion of the forging procesa but prior to the hydraulic test.

239. Mechanical Tests.—Matorial shall comply with the mechanical tests heroin
specified.

Sufficient material shall be left on the open end or ends of each forging to enable
tangential test pieces to be taken. These toste shall consist of not less than one tensile
and one bend test from each open end. In the case of drums with open ends the
tost material shall not be parted off before heat treatment. If the drums are closed
in at the ends the tcst rings shall be partod off immediately before this operation ;
subsequently tho test rings and the forging shall bo similarly, and simultancously
heat treated in the same furnace.

240. Selection of Test Piecep.—(a) All {est picces shall be selectcd Ly the autho-
rised Inspector and shall be tested in his presence and he shall satisfy himgelf that
the conditions herein described are fulfilled.

(b) Tensile Teslg.—Tho ultimate tensilo stross and elongation shall Le helween
the limits shown below. A range of not more than 4 tons per sq. in. for any one
forging shall apply, such rango to be specified for each drum,

(i) Ultimate tensile stress 28 to 38 tons per sq. in.

(ii) Elongation 29 per ccnt. to 19 per cent. determined on British Standard
Test Piece C, or a subsidiary standard round test pioce (see Appendix B).

In no case shall the sum of the ultimate tensile stress and corresponding elonga-
tion be less than 57.

Should a tensilo test piece broak outside the middle half of the test gauge length
the test may be discarded and another test be made of the same drum.

(0) Bend Test Pieces.— -Bend test pieces shall ho of rectangular scotion 1 in wide
by § in. thick. The edges shall be rounded to a radius of 1/16-in. The test pieces
shall be bent over the thinner section.

(d) Bend Tests.—The test pieccs shall, when cold, be capable of being hont

without fracture, through an angle of 180°, the internal radius of the bend being
not greater than thut specified in table below.

Ultimate tensde stress, Tons por aq. in. Intornal rading of bend
Inches
Upto 32 . S . 1/4
Aliove 32 and upto 36 . . . . . . 3/8
Above 30 und upto 38 . . . . . . . 574

Bend test may bo made by pregsure or by blows.

241, Additional tests before rejectior.—Should oither a tensile or a bend test
fail, two further tests of the type which failed may be made on test pieces cut {rom
the same test rings, If the results obtained from these re-tests are satisfactory, the
drum shall be accepted, provided that in other respects it fulfils tho conditions of
this Chapter. If these re-tests do not give satisfactory results the drum represented
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may be re-heat-treated together with tho romainder of the test rings, and presented
for further testings.

In all case where final re-tests do not give satisfactory results, the drum re.
presented by the test pieces which fail shall be rejected.

242, Digeard.-—Sufficiont disoard shall be made from the 1op and bot lom of each
ingot to engure soundness in the portion for forging.

248. Forging.—Tho forsing shall be made from a solid cast inpgot, punched,
hored or trepanned, or alternatively, hollow cast ingots may be used. The resultant
wall in the case of the solid cast ingot, or the wall of the hollow ingot as cast shall be
reduced in thickness by at least one half in the process of forging.

244. Tubes.—(a) Tubes shall b2 of cold deawn weldloss or hot finish~d weldless
stecl and shall comply with Regulations 36 to 56.

Hoaders,.—(b) Hoaders and similar prossure parts shall be of forged steel, snam-

less steel tube or of cast steel, to comply with the appropriate Regulations in Chapter
I.

245. Pipes. --Pipes forming an integral part of the boilor unit shall comply
with the Regulationa of Chapter VIII.

248. Stoel Castings. —Jteol castings for pressurc parts shall comply with Regu-
lations 73 to 80 (28 to 35 tons per sq. in.).

FUSION WELDED DRUMS

247, Deflnition of term ‘Fusion Weld’.— Tho torm ‘Fusion Wold’ is, for the
purpose of this Chapter, applicable to all welded joints made by the metal aro pro-
cens with covered electrodes or other electric are process in which the arc stream and
the deposited weld metal are shielded from atmospheric contamination.

It is intended that this Chapter shall apply to the single run or heavy run welding
process and that welded boiler drums manufactured by that process shall conform
with all Regulations of this Chapter, excepting those in which divergence is necessary
golely because of special requirements essential for the most offictont utilisation of
that process. Thus all Regulations governing quality of material construction,
workmanship and testing (both non-destructive and otherwisc) aro applicable.

When welded drums ordered to this Chapter are made by the single run or heavy

run process it will bo understood that Roegulations 252 and 267 do not apply in their
entirety.

248. Equipment of Workshop.—(«) The welding plant and ¢ quipment are to he ot
good quality and maintained in an officient working condition. Thoe welding appa-
ratus 1s to bo installed under cover and arranged 8o that the welding work may be
carried out in positions freo from draughts and adverse weather conditions, The
procedure is to be such that thore is regular and systematic supervision of the weld-
ing work, and the welding operators are to be subjected by the works officials to perio-
dio tests for quality of workmanship, Reoords of these lests are to be kept and are
to be available to the Inspecting Officers for serutiny.

(b) The Works should be equipped with an efficient testing laboratory which
should include apparatus suitable for carrying out tensile, bend and impact tests,
mioro-cxamination of specimens and X-ray examination of the actual joints in pres-
sure vessels. The Works should also be equipped with a suitable heat tresting fur-
nace having satisfactory mmeans for temperature ocontrol, but as an alternative,
arrangements may be made whereby the drums can be heat treated elsewhere.
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249. Constructional dctails and preparaticn for weldipg.—The munufacturcr
ghall supply the Inspecting Authority with a fully dimensioned sectional drawing
showing in full detail the construction of the drum (s) for approval before putting
the work in hand.

A full sized dimensioned sketch of the weld grooves for the longitudinal and
oircumferential seams shall be shown on the drawing.

Full sized dimonsioned sketches shall also be shown of the details of the jointa
for stand pipes, branch pipes and seating and the position of these joints relative to
the longitudinal and cirecumferential scams and other openings shall be indicated.

260. Preparation of plater,- The edges of all plutes shall bo preparcd and sur-
faced by machining or chipping,

Before welding is commenced, the grooves shall be thoroughly cleaned of rust,
oil or other foreign matter.

Before welding of the joint j# commenced (apart from tack welding) the surfaces
of the plates of the longitudinal and ciroumferential seams shall at no part be out of
alignment with one another by more than 10 per cent. of the plate thickness, but in
no cage exceeding 1/8 in. for longitudinal joints or 3/16 in. for circumferential joints.

251, Cylindrical shells of drvms.—Fach drum shell plate shall be of c¢ylindrieal
form to the extreme edges of the plate. The bending shall be done entirely by
machine and local heating or hammering is prohibited. Where the plates are bent
to a diameter less thun 40 times the plate thickness they shall be efficiently heat-
treated after bending to relieve internal stressos unless during the last stage of bend-
ing they have been uniformly heated throughout.

252. Method of making welded joints.—The seams shall be weldod from both side
of the plate. Before tho sccond side of the plate is welded, the metal at the bottom
of the firat side shall be removed by grinding, chipping or machining.

Additional runs of metal shall be deposited at both surfaccs of the welded seams
so that the weld metal at the level of the surfaces of the plate is refined as far as pos-
gible. The surfaces of the welds shall thereafter be machined or ground so as to
provide, smooth contours and to be flush with the respective surfaces of the plate.
There shall be no undercutting at the junctions.

The positions of the welds shall be marked permanently to facilitate their loca-
tion,

Not less than two runs of metal shall be deposited at each weld fixing stand
pipes, branch pipes and seatings.

Each run of weld melal shall bo thoroughly cleaned and freed from slag before
the next run is depogited,

953. Type of welded joints.—The longitudinal and circumfercntial serm s hall
be made with but joints of the single or double U or Vee type.

254. Number of joints.—Where, having rcgard to the approved design, the
dimensions are such that the shell cannot be made from a single plate, it shall be
made with the minimum number of joints and the longitudinal seams in successive
rings shall not fall in line.

255. Position of tube holes.—Tube loles shall not be locatcd in a welded joint.
The distance botweon the edge of .. hole and the edge of a longitudinal or circum-
ferential seam shall be not less than 1 in. where the plate has a thickness less than -
1in. In plates 1in. to 2 in. thickness the minimum distance shall be not less than
the thickness of the plate. For plates of thickness greater than 2 in. the minimum
distance shall be 2 in.

Norm,—Tho odge of the weld shall be considorcd as the rdge of the weld groove as
machined in the plate prior to welding.



3ro. 3] THE GAZETTE OF INDIA EXTRAORDINARY 685

256. Circularity of drums.—The diffcrence betwoen the internal ditmeter of
the drum mensured at any oross section and the nominal internal diameter of the
drum should not exceed 1 per cent. of the latter.

Any departure of profile measured on the outside of the drum with & gauge of
the designed form of the exterior of the drum and of length equal to a quarter of the
internal diameter, shall not exceed the percentage given in table below :—

Norminal mternal diametor of drum Porcentago of nominal
mtornal diamoter

Inches
Up to snd including 36 . . . . . 0 375
Over 36 up to and mcluding 45 . . . . . 035
Over 46 . . . \ . . . . 0-3

Flata ot the welded seams shall not be permitted and any local departure from
ocircularity shall be gradual.

25%7. Mechanical tests and test plates for fusion welded seame,—(n) Fusion Weld-
ed joints shall comply with the mechanical tests herein specified.

Not less than one set of test plates shall be provided to represent the welding
of each longitudinal seam.

The test plates may be attached at ench end of the longitudinal seam or the set
may be located at one end only.

(b) Where the drum shell is formed in two or more courses, the staggered longi-
tudinal scam shall be regarded as a continuous longitudinal seam, provided the
welding be effectod in one reasonably continuous operation and by the same operator
or operators.

(¢) Where there aro circumferential seams only or where tho method of welding
the circumferential seam differs from that employed for the longitudinal seams, the
method of providing the test plates shall be decided by the Inspecting Authority.

(d) The test plates shall be of a size sufficient for the preparation of the test
pieces specified in Regulation 258 (a) and for any repeat test pieces that may be re-
quired. The material for each set of test plates shall be cut from the respective plate
or plates forming tho appropriate seam, and before being cut shall be stamped by
the Inspecting Officer.

(¢) When the analysis of the plates is approved by the Inspecting Authority and
is considered sufficicntly similar, tho test plates may be cut from one drum shell plato
only.

(f) In the case of insufficient material being available on the shell plate to permit
the cutting of test picces, these shall be acceptablo if they aro made from another
plate provided it is made from the same cast.

() The weld groove in the test platea shall be similar to that adopted for the
corresponding odges of the longitudinul seam, and the respeetive fusion faces shall
be in continuous alignment. The test plates shall be reinforced or supported during
welding in order to prevent undue warping.

The weld motal in the test plates and the seam shall be of the same grade of
clectrode and shall be deposited continuonsly at the same operation. .
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(h) Tho weld in any test plate shall not be ropaired unloss agreed by the Inspect-
ing Authority and tho repairs shall be done in such a manner as will ensure that the
repaired seam in the test plate is atill reprosentoative of the material in the main seam.

(i) Whereo it is dosired to straighten test plates which have warped during weld-
ing they muy be straightened at a temperature below the temperature of heat treat.
went of the drum to which they belong. Straightening shall take place before final
heat treatment.

(j) For heat troatment see Ragulation 267,

(k) If any dafeoty in the wold motal of & tost plute are revealed by radiographi-
oal examination, the position of those shull be clearly marked on the plate and test
pieces shall be scleoted from such parts of the test plates as may bo decided by the
Inspecting Authority.

238. 8alaotion of Tost Pisces.* —(a) From the test plate or plates on each lon-
gitudinal seam, test piccos shall be selected for the following tests, the specimons
being cut out as shown in Figs. 16 and 17 and stumped by the Inspecting Officer for
identification :(—

(i) Ono tensile test specimen for the welded joint.

(it} One all-weld motal tensile test specimen.

(1) Two bend test specimens.

{iv) Two Izod impaot test speeimens.

(v) One specimen for micro and macro exumination.

The remsinder of each sot of test plates shall be retained for any re-tests re-
quired. Any specimen for re-test shall be cut off from the same sct of test plates as
the original specimen.

(b) SBurfaces of tensilo, hend and Izod impact specimens corresponding with
the outsido or inside of the drums shall be only lightly dressed so that the rolled
surface of tho parent metal is not wholly removed, except that where the rolled
surfaces of tho abutting plates are not levol with one another, one plate may be
maohined at cach face of the weld, provided the depth of metal removed docs not
excoed 1/32 in.
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Fig. 16.—Details ol test plates.

. Tangile toat for jOiﬂt.

. Tensile test for all-weld metal.
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§. Micro and macro specimen.
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*» Examples showing approximate dispositions of the test precos in the test plates are shown
in figs. 16 and 17,
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269. Tonsile Test Pieces—(n) Welded Joint.— The dimensions of the specimens
ghall be in accordanco with the sketeh in Fig. 18. Specimen 1, and the specimen
shall ho cut trunsversely to the welled seam. When the capacity of the available
testing machine doss not allow the full specimen to be tested, two narrower tensile
specimens shall be substituted. These specimens shall be the full thickness of the
plate at the welded joint and their breadths shall bo as great as the testing machine
will reasonably allow, provided the offective cross sectional area of the test pieco is
not less than 1} sq. in. (see Fig. 18 Specimen 1a).

(b) All-weld Metal.—The dimensions of the specimen shall be in accordance
with the sketeh in Fig. 19, Spocimen 2. The specimen shall consist entirely of depo-
sited metal and shall be cut longitudinally frem the seam.

Spocimen la. Tensile test for joints (vhick plates).

Fig. 18.—Tensile test pieces.
"I'=Thicknens of plate.
b= Broadth of teat piare :
Speocitnen 1. Not logs than T and in noe cuse laas then 14 in,
Specimon la. T x b not less than 1} sq . in,

W =Width of weld groove.
P = Parallel langth, minimum=3 x W.

¢. = Radius at shoulder, minimum=: § in.
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Specimen 2

Fig. 19.—Tensile test pieces : all-weld metal.
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1
|
R
J stameter ('ro~s-suctional Guouge leagth Parallel length jdsg?daéi
area A G P mmimum R minimum
in. . 8q. i, in. in.
0 798 0-5000 2 82 3-18 0-70
0-564 0- 2500 2-00 2-25 0-50
0-505 0-20 1-79 2-01 0-45
09-479 0-18 1-70 1-91 0-42
0-452 0-16 1-60 1-80 0-40
0-437 0-15 1-55 1-74 0-39
0-424 0-1412 1-50 1-69 0-37
0-399 0-1250 1-41 1-58 0-35
0-357 0-1000 1-26 1-42 0-31

260. Tensile Tests—(a) Welded Jcint.— The ultin.ate tensile stress shall be not
less than the lowe. linit specificd for the plate (see tal:le under Reg. 234), '

(b) All-weld Metal.—The ultim .tc tensile stress shall be not less t
lower limit specified fo1 the plate ( ce table under Reg. 234). oss than the

The elongation shall he not .lﬂ‘% 1Lhan 20 per cemt, on o gauge length of four times
the square root of the cross sectionul aten of the specimen, and the rednetion in area
not less than 35 per cent.

261. Bend Test Pieces.—(a) Two bend test specimens shall be made The
specimens shall be 1ectangular ' section and shall be cut tranwversely fi’om the
weld 50 as to have a width equal to one-and-a-half times the thickness of the « eci
mens. The corners of the specimen shall he rounded to a radius not exceedi;lp 16
per cent. of the thickness of the specimen. g

(b) Where plate thicknesses do not exceed, 1, 1/4-in. the thickness of the specimen
shall be equal to the full thickness of the test plate  Where the plate thickness
exceeds 1, 1/4-in. the specimen shall in all cases have a viickness of at least 1, 1/4-in
The specimen to be tested with the outer sutface of the weld in tension shall be’prle ar:
ed by cutting to waste the metal local to the inner surface of the weld so tha,‘cpt}e
desired specimen thickness is obtained (see Fig. 20, Specimen A). The specimen to [J;e
tested with the inner surface in tension shall be prepared by cutting to waste th
metal local to the outer surlace of the weld o that the desired specimzn thickness i(:
obtained (see Fig. 20, Specimen B). Where thc thickness of the piate permits ’UOtil
specimens may be cut from the same piece of plate, the specimen being located in th
plate on~ above the other (see Fig. 20, Specimen C). ©
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Fig. 20.—Specimen 3 Bend Test.

262. Bend Tests.—Ono specimen shall be tested with the surfuee corresponding
to the outer urfien of the drum i tension and the other with the surface corres.
ponding with the inner surface of the drum in tension. The spocimens wie to ber
mounted on suppurts the facos of which are wpurt by a distance not more than 52
fimos th* thickness of the specimen, and shall be pushed through the supports by &
former having 4 diameter equal to three times tho thickness of th: specimen.

On completion of the test no crack or defect on the outer surface of the specimen
ehall be reenter than 1/18 in. mesasured across tho specimen or 1/8 in. measured along
the lene v of spocimen. Premature failuros at the corners of the wpecimen ghall not

be considered caute for rejection.

263. Tzod Impact Tests.—The dimensions of the two rpecimens shall be in
ac oudunce with Fig. 21, Specimens 4w and 4b.

QOnuo specinen shall have the noteh cut at the middle of the oul~r aurfare of tho
wold and the other at the middle of the inner surfuce of tho weld.

The tests shall show a minimum Izod impact test-value of 30 fl. b,
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Fie.21. Specimens 4a and 4b Izod impact test pieces.

264. Additional tests before rejection.— () Should sy of the test spocimens
taken in accordance with Reys. 207 0 263 fiul to meet the specified requiroments
one re-test shall be allowed for each specimen that fails, provided the following
minimum figures have been obtained

(i) Reduction in area 30 per cent.

(i) Any other test except the bend and imypact tests, 90 per cent. of the spoeified
requirements.

(b) If a cold bend specimen should fuil to meet the specified re(%ujl‘empnta,
two re-lests shall be taken from the same test plate and these shall comply with the
tequirements of Regulations 261 and 262.

(¢} If an Izod impact test fails to meet the specificd requirements, two re-teats
shall bo taken from the test plate, one each side of the original specimen and separated
from it by not more than 6§ mn,. Both re-tests shall show & minimum Izod impach
test value of 30 ft. Jb.

() If it be fonnd there is insufficient metal to permit the preparation of speci-
mens for re-test from the remainder of the Lest plate feom which the original speci-
men was takon, the specimen for re-test may be cut from the test plate relating to
the opposite end of tho same longitudinal scam.

265. Non-Destructive Tests.— (1) Micro and Macro Examination.-—A specimen,
the full thickness of the plate and not less than half-an-inch wide may be taken
from each set of test plates by the Tnspecting Authority for the purpose of micre
and macro examination.

(b) Radiographical Examination.—Every portion of the longitudinal and eir-
oumferential welded joints of the drum shall be subjected to radiographical exami-
nation.

The method employed in obtsining the radiographs shall be such as to show
cloarly defects having & magnitude cqual to 2 per eent. of the thickness of the welded
joint. To determine whother this result is being obtained an indicator of approved
form which includes & portion equivalent to not more than 2 per cent. of the joint
thickness, shall be placed in the vieinity of the weld so a9 to make & record on each
racliograph.

Each seotion of every weld shall be murked so that the radiographs can be easily
correlated to the particular part of the joint reprosented.



892 THE GAZETTE OF INDIA EXTRAORDINARY [ParT 1L

The oxamination shall bo made from the original films and tho acceptability
of the welds shall be decided by the Tnepenting Authority. The welds deemed un-

satisfactory shall be rejeotod ov dealt with nnder Regulation 266 and be radiographed
again.

REPAIRS TO WELDED SEAMS ATTLR RADIOCRAPHTOAT, TXAMIFATION

266. (a) General.—Any repair 10 a wold carried out by the manufactuier shall
firat be agreed to by the Inspooting Authority,

Where dofects oocur in distributod positions in a seam, repaits to the oxtent of
156 1por cent. of the total longth of the seam shall he permitted to replaco the defoetive
welding.

Where the defects are lorated in a single rontinuous length, the permisgible
extont of ropair shall be decided by the Inspooting Authority.

(b) Longitndinal eams.—Whero the wold metal in any way fails to comply

with the requirements specified, the whole of the weld metal may be rernoved and
the soam re-welded provic d that:

(i) the original test plutos are similarly treated, or

(ii) new tost plates of tho same thicknoss as the joint and of similar quality of
material wre attached to tho end of the scam and re-weldod with it,

In oither oaso the plates shall be tested in accordance with Regulations 267 to

2656 and the requircmonts for heat treatmont shall be in anoordance with Regulation
267.

(o) Circumferentinl Seams.—With regard to the extent of permissible ropair
and when agreed by the Ingpocting Authority, a eircurnferential seam shall be treat-
ed in the same manner as a loagitudinal seam. Tho Inspecting Authority shall be
entitled to call for represontutive tests for a ro-welded viroumferontial geam,

(d) Removal ot Defects.—Defects shall bo cul out by chipping or machining
only and not by burning out the dofective part,

{v) Examination before Re-welding.— Where a defective part has Deen cut out,
tho Inspocting Authority shall he entitled Lo make an examination bofore re-welding.

(f) Process used tor Repairs.—Only metallic arc welding shall be used for repairs.
() Radingraphica! Exeminstior zit - Repairs.—All repaired arcas shall be sub-
jeoted to radiographiwal oxamunuiio...

() Spwim:n Representing Repairs,—The Inspocting Authority shall be on-
titled to cali for aper imens representing any welded repair, for the purpose of exa-
mination and test.

(i) Diagram of Welded Repairs. On completion of all weldod repairs the manu-
faoturors shall, .l roygnesbed, supply for record purposes a detailod diagrum showing
the position, longth, depth and width of all such repairs.

HBAT TREAMMENT

267. (a) Aftor the completion of the welding of the soams and the welding on of
the stand pipes and including welding repairs but before the hydraulic test, each
drom shall ho heut treated for siress relieving ; during this heat {reatment the official
test plates shall be lying inside the drum.

(b) Whero the shell is subjected to a primary strogs relieving treatment identi.
oal to the final heat troatmont to bo given to the drum, the test plates may be placed
inside the shell during the primary treatment and thereafter cut up and tested with-
out waiting for the finu! treatment of the drum.
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(c) Where the shell is not subjcetod to primarv atress rclieving treatment or is
subjoct to a primary stress relioving troatment which is not identioal with the final
heut troatmont, the test plates may be placed inside anv othor drum of comparable
dimensions which is to be heat treatod in acoorduin e with this Chapler. The heat
trentmont is to talkoe place in the furnace in which the drum relating to the test plates
will eventually bo given .te final heat {roatment.

(1) Tomperature charts shall bo submitted to indicate that the test plates and
the drmns they rvoprosent havoe beon smubjorted to identical healing. soaking and
aooling troatmont.

(¢) For this heal troatment tho drum shall be placed in a fornace sufficiently
large 10 accommodate to the whole drum. The furnace shall be slowly raised to a
temporature hetwoen 600°C. and 650°C. and the drum shall remain unt.d it has, uni-
formly rvonched this temperature. Such tomperature shall be sustained for 75 to
90 minutes por 1 ineh thickness of wetal. Tho drum may be allowed to cool in the
furnaco, but, if withdrawn, shall e sereened from draughts whilst cooling.

(f) Alternativo provedure for the heat trestment of the drum may bo submit-
ted to tho Inspocting Authority for approval.

(g) Tn spocial cases it may bo permissible to heat troal the tost plates separate.
Iy from the drum, provided the Tnapeoting Authority is satisfiod with tho means adopt-
ed to ensure that the followiny factors will he the same for the drum as for the test
plates.

Rate of Lheating,

Maximum temnperature,

Time held at maximum temperature.

Conditions of cooling.

Hybpravrwe aND Hamyvur Trsts

268, Euch drum on completion of all welding and after heatl treatment shall
be subjooted to a hydraulic test pressure of onc-and-a-half times the boiler drum
maximum permissible working pressure, and whilo the pressure is applied the wolds
shall be given a thorough hammor test throughout their length, care boing taken
to avoid damuge to tho surface of the platos.

After this tho prossuro shall be raised to twice boiler drum maximum permissible
working prossure and ho maintained for a length of time suflicient to enable an in-
spoction to be madn of all sewms and connections, but for not less than half an hour.

IngpROTION AND TRSTING
2689. Inspection during construction.—-Inspoction ghall be made at least at the
following etages of construction :—

(i) When the tost platos are roady for stamping for identification and hefore they
are oub from the parent plate or plates.

(i1) Whoa the drum shell plates are bont to the ¢ircular form, the drum ends are
flanged, the welding grooves are machinoed, and the parts arc assembled
ready for wolding,

(iin) When welding is in progress.

(iv) When wolding at the outside surfaco has been completed.

(v) Wheon the inside surface has heen prepared for welding and before the outside
surface s dressed.

(vi) When the scams are dressed.

(vil) When the seams are being radiographed.
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(viii) When the openings are preparod for stand pipes and seatings, and these
are being welded in place.

(ix) When the drum hus boen heat treated, prior to the hydraulic test,

(x) When the test plutes are ready for marking off the test spocimens.

(xi} When the test specimens have heon machined and are roady for testing.
(xii) Whoen the drum is veady for hydraulic test.

(xiii) When the tube holes are bored and the drum is ¢ omnpleted.

REGULATIONS FOR DETERMINING THE WORKING PRFSSURE CF WATER
TUBE BOILERS WITH FUSION WELDED AND SEAMLESS FORGED DRUMS

SHELLS

270. Bhells of steam and water drums.—-(a) The working pressure shall be
deterinined by the following formula:—

2{E (T—-03)

WP —=———— (Eqn. 72)
D+T—-03

T = Thickness in inches.

D = Maximum internal diamoter in inches,

WP = Working prossure in 1b. per 8q. inch.

f = Pormissible working stress in Ib, por sq. inoh at working metal tem-

peraturo (Seo Rog. 271).

E = Effivienay of Ligaments between tube holes or other opening- in
shell or of longitudinal joints (expreseod as a {raction) whichever
applies.

In the particular case of an unpierced wrapper plato of a fusion welded drum
E=1 and f==pormissible stress on butt weld from the tuble in Reg.271, column B.

(b) Irrespeotive of the thickness obtained by the use of the forogoing formula
“T” shall not be less than :—

(¢) For tube plates (whero the tubes are expanded therein) the thickness
shall be at least such as to allow a minimum parallel holt width of tube
seat of 3/8 inoh, this seatmg to be measured ws explained below.

(i) All tubes shall be carefully expanded into the holos in the tube plates.
The tubes shall be belled of bead ‘1 to resist witldrawal and if helled
they shall projevt through the parallcl {uhe sent at least § inch.

(¢) The Belling shall be as shown in tablo below :—-

TABLE
Amount of
Outyide diameter of tube (]mmetet" of bellng
ovor diameter ol
tha tube hole

- - 1r1.
Upto and meluding 1} in. . . . , . 3/32
Over 1} in. upto and includmg 2 in. . . . 1/32
Over 2 in. upto and 1ncluding 3} in. . . . . /32
QOver 3} in. upto and ineluding 4. in. . . . 6/32
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(d) The tube holes 1 the tube plates of drums, pockets of headers shall be
formed 1n such u way tlwt the tubes -in he effectavely tightened m them.
Where the tube onds are nol normal to the tube plate, thero shall be a
neck or belt of parallsl seating at right angles to the axis of the tube at
least ¥ m n dopth moewsurolin a plate covwinng the awis of tho tube
at the hole.

(¢) Where the tuhes are practicallv norinal to the tube plate or the heador
this paurallel woutiny slnll, wherover praticable, be no  less than § n.
in dopth

271. Permissible working stresses for shells of Boiler and Integral Superheater
drums and headers.— The maximum pormisiblo sticeres for drum chells  and
headers shall be as given in the Table bolow :(—

Poriusmble abre g fom gt vl Laving no ultio e Lo 19lo gtreas 1 tony
por uq M ol

oy 32 ! 3234 34-38
I -
Workig metal Wrappor Tube platea]  “Senmloss Saninless
termperatire ltos ol ol loean 1 forgod
rivetod Butt walds riveted fusion drams drum
anad of wolded wnd and
ot mleds tuaion aa 1nless Lioudr ra headors
forge 1 woldod forgad
drams drumy drums
anud

hondors

I wg m Ib./sy an b /sy 1n I sq m b [aq. m
_-K_—_ _‘—._Bﬁ_h ﬁ_(‘_ o —J_) - E )
Upto—

650°1° . . 15 700 14 000 1t 300 16 400 17 300
T00°F . . 15 200 13 5o 13 |00 15 GO0 14 600
750°F . . . 13 400 11 900 12 300 13 400 14 200
800°F 1 300 9 900 10 500 11 200 11 600
880°F 8 800 7 900 8 500 R 800 9 100
900°F 8 300 5 700 6 300 6 300 68 300

Intormadiato values may bo nterpolated.
The working motal temperature shall be taken ay —

(@) For saturated steam, water and muddrums, the saturation temperature
corresponding to the pressure WP plus H0°F

(b) For superhoater drums, the designed mazimum steam temporature for
that drum plus 50°F

Where the drums are adequately protooted from the wases of combustion or
swept by such gases i the third or subsequont pass of a boler, the working metal
temperature ghall be talen as the saturation or designed imsximum stoam tempera-
ture as defined above, whichovor applies A covering of rofractory or maulating
material which may be bable to become dislodged shall not he deemed adequate
protection.

Note —Whero stools are for <32vice nt tenp ralur s (veyrds of 700 F 1t shiall be go stated

and the silicon content whall be 0 10 per cent muumum, or altern wtively tho matoral must paas
the ‘“Proof Tost for Creop Quality of Carbon “tesl Plute of Boilor Pluto Quality™ s« m the App. D,
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272. The ligane nt  flici noy of denm sholls shall comply with Reg. 215,

273. Longitudinal 8tress.—The maker of the boiler and the Lnspceting Autho-
rity concerned shall he responsille for ascertamning that the longitudinal stross
resulting from the « omldaalion of siress ariving from internal steam pressure, tho
gelf weight of tho rlrum wnd 1t coabin, and wll extornally applied loads, shall not
exceord the pormussible working stress corresponding to the worlkaing metal {empera-
tures moluded in Roegulation 271.

274. Intormediate Zoiler Drum Suppoits.— -Whoere a boilcr drum is supported at
intermediate pointy ity longth at s Jdivtance greater than ono nternal diameter
from the end of the parallol portion of the drum shell, the shell shall be thickenod
looally to the supnorts nr so derigned that when the local str=ss sot up hy tho sup-
ports m the drum shell are added, algebraically to those caused by tho internal
gtoarn pressure and supported loads, the maximum resullant stress does not exceed
the permussibli- working stress at tho workang motul tomperature.

linDp PraTas
275, Shape of Dished End Plate.—Where an  ond plate s dished to scmi «llip-

godial or partinl spherical form, the waximum radius of dishing shall not be groator
than the mside diamster of the shell {0 which the end 18 attached and the corner
radius measarod to the mean thicknoss shall bo not loss than four tunes the thick-
ness of tho ond plate or 21" whichever 18 the greator.

276. General.—The tlhickness 'C 1o be uscd in the formulao is the thickness
of tho plate after prossing and is apphcable over the whole area of the end plate up
to the point where the deling radiue joins the corner rudius, From thiy pomt o
gradual thinning 15 petiassible upto a maximum of 169, of the thickness T at the

omt where the carner radius joins tho straight portion of the flanged end plate.

‘his permisriblo rerduction in  thickness apphies also 1o the flange for the manhole
opening. In no casn, however, shall tho thirkuess of the edge of the flunge for
connection to the <hell be less {han thoe thickness of an unpierced soamless shell of
the same diamotor and material,

277. End Plate with Manhcle., @) When an«nd plate hns u flange in manhole
or aceesy opening the thu hnews shall be inereased by not less than 150/5 of the thick-
ness computed by the formuln  for an end plate without an openmg but 1 no case
shall this 1nereass he loss than 4.

(5) The dopth of the fango forming the access opemng measured from the
outer surface of the plate at the minor axis of tho opcnng shall be not less

than +/TxXW (Eqn. 73).
Whlhere 'I'=-Thsu kness of the end plate in inches ;

W= Length of sumwr av.s .n inches when full compensation 1s pro-
vided for un aconss opowng rut m a d shed ond plate, no additional
thuckness 18 novessar .

278. End plates subject to Dressure on the coneave gide.— (4) The maximum
working pressure of uustayed Dished Fnd Plates subject to pressure on the oon-
cave side shall be determmed by the followmng formula:

2f (T—0-08)
WP = — —— (Eqn. T4)
DFK
WP =Worling Pressure in lb./sq. in.

f —=Porm:ssible stress in 1b./sq. in. ab working metal temperature (Sce
tahle below).



Sec. 3] THE GAZFETTE OF INDJA EXTRAORDINARY 697

T=Thikneus of end nlate in inclios,

D=Mean Diameter of end plate in inches.

F=1 fov sud »late without holes, or ha . a
naviney widsly spaced wreintor wd | 11

thaa 24,

‘re:nforeed holes, or
‘v diameter no greater

=1-13 for end nlates having o flanged.i-manhole (complying witl
Han. 13).
K=Fartor dependant npon the vatio h/Dy swhore h, iy effective externa ]
a2t At and obtained from the oo lieen n fig, 22

= T T b s o a4 TS M o oy
he=30an bivlb of digling in mche s ay n I - 23

e e

or

—Dn P —2r . - . . “ .
—R“‘\/ R D (lu, Do) (Eqgn. 75)

2
R=Mean radius of dishing in inches.
=Mean corner radius of flange.
D;=0utside diamster of Drum end in inches,
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(b) Maximum permissible stress of steel

Tonsile Strongth of Plato in Ibs. por 8q. inech.
Working metul B T ———
temperature
24 —28 tons | 20—30 tong | 28— 32 {ous | 32— 36 tony | 34— 38 tona
Por s ECTR per sq. in. pur §g.in. | per wg. in.

. . in.

Upto— - - T | T/ 7"
850° | . . 13440 14560 15700 17000 19000
700° W P . 13000 14100 15200 17190 15500
780 B . . . 11600 12600 13400 15200 16100
800° F . . LO000 10700 11300 12700 13300
880° T . . . 8200 4030 2000 9800 9000
800° F . . . (G300 6300 6300 6100 6300

Fig. 23

STAND PIPES OR BLOCKS

279. Compensations.- -(@) Excopt for those casss where no cmponsation is
neocessary as defined in Regulation 187 adequate compensation for tho hole cut for
stand pipe shall be providod. Compensation shall be considered adequate when the
equivalent cross sectional arcy provided is not loss than 125 times the cross sectional
area obtained by nultiplying the diametor of the hole cut in the sholl by the thick-
mess required for an equivalent unpierced dram shell.

(b) The equivalent cross se tional area provided shall be caloulated as follows :—

(I) The cross sectional arca of the wall of the stand pipe upto a point
4 in from the outside surfaco of the drum shell, but proportionately
roduced 1w the ratio of the ultimate tensilo stresses of the metals
composing tho stand pipo and the drum shell.

(2) The cross seotional arca of the welding fillets external to the drum shell.

(3) The arcs obtuned by multiplying the difference botween the actual
drum shell thicknoss and tho thickness of an equivalent senrnless
unpierced drum shell by a length 2 (3+-T)). (See Fig. 25).

(¢) Tn cases where the total compensation obtuined by the aum of the areas
iven above is less than the total vompensation required, u compensating plate
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shall bo fitted to the drum shell at the stand pipe and sccured by fillet welds as
shown in Fig. 26.

Nore.~—An rquivalent unpieroed drum shell shall mean a seamless drum shell of similar

material designed for the same conditions of pressute and temperature 88 tho drum shell in
question.

(@) The minimum thickness of the flanges and of the body of stand pipes shall
be m accordance with the table under Reg. 156.

280. Attachment of Stand Blocks.~ (z) The mcthed of atfsclmont skall be
in accordance with that shown in Figs, 24, 25, 26 o 27 and after tho welding the
parts shall he heat treatod. The hole drillod in the shell plate for 1he veception of
the atand pipe shall bo § in. greater in diameter than the outside diamoter of the
stand pipe where this is sccured by fillot welds only ar 1 Figs, 24 and 25.

e

Fig. 24.—Minimum weld attachment for stand pip~3 2 in. bore and under,

(b) Klertrodes shall comply with the requireaments of Regulations 94 1o 98
(Covered Electrodes for Matul Are Welding).

(¢) Where one wde of o donble Vee weld hay beon compleled, the under surfaco
of the original first run of motal shall he chipped ant hefore welding on the other
qide ir commenced.

(d) The final finish of the weld shall bo such that hanee of sor tion from shell
to nozzlo s gradunl and free from sharp notehes.

{e) So far ug the attwhment of flanges to stundpi~es i. concerned construc-
sion showa in Fus 28 & 29 shall e permissible.
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Fig. 27.— Minimuir weld attachment for stand pipes over 4 in. bore where 8 compent~
sating ring is not requ.red snd mirimum weld attachment of flange to stand

pipes over 4 in. bore.

CHAPTER VI
VALVES, GAUGES AND SIMILAR FITTINGS

281. *Requisite Mountings and Fittings.—Every boikr Shall be fitted at  least
with the followmns — °

Two safety vaives (Mmimum douacier 3 47)

Two independent means of indicating the water level;

A steam presqure gauve,

A steam stop valve;

A feed check valve

Two means of feedmy the boiler when the heating suiface exceeds 200 oq. feet ;

A blow dowr coek or valve s

A fusible plug v hen beiler has internal furnaccs.

An attachment for Inspector’s test gauge.

A manhole, where the size and construction permut, and such mudholes or
sightholes as are neces-ary for effectively cleaning the boiler

GENERAL REQUIREMENTS

Materials, Temperature and Pressure Limits

282. (a) Materials.— The matcrials vecd in the meraufacture of the Todic- of the
fittings shall e¢nnply wivh the followmg requnenent s —

*Nore. -It 18 terommended that in Tancashire and Cormish Boders one of the safety
valves should be of High steam and low water tvpe  In water tuhs and horizontal multrtudu-
lar boilers a low water alarm should be fitted Ramsbottom tvpe safets valves con~isting of
two valves with <pruiig anilever 11 commonmyy be con-idered as two safeby valves for the
purpose of this Regulation

In the case of marm-~ t, pe boutles 1w weter alarm mav he fitted 1n place of a fusible

plug.
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(1) *Steel castings shall comply with 28 tons grade IT. See Regulations 73 to 80,
(i1) Steol forgings shall comyply with Regulations 81 to 85,
() lron custmgs shall comply with Regulations 86 to 93.

(iv) Bronze oastings shall have a tensile breaking sirength of not less than 16
tons per 9q. in. with an elongation of not less than 840 per cont. measured on
standurd test picoe C.

(v) The scats and dises of valves shall be made of non-eorrodible metal.+
(b) Limits of Qast Iron.- Cast iron shall not be used for —

(i) Tomperatures above 400°F,

(i1) Stecam pressures cxeoeeding 160 s, per sq. in. (gauge).

(iii) Feed valves swnd scum valvey directly attached to hoilers for pressures
above 160 1bs. per 8q. in. (guuge).

(iv) Blow-down fittings.

(o) Limits of Bronze Fittings .—Bronze shall not be used for steam temperature
above 425°F.

METHOD OF CONSTRUCTION

283. (astings.-—(n) All castings shall be smooth, sound and free from flaws,
cracks or other injurious defecta. Varistions in thickness al any part shall be
gradual, and substantial fillets shall be provided.

(b) The body of a boiler mounting shall be connected {0 the boiler flange by a
strong and sbiff neck. In no ouse shall the thickness of the neck of bronze mountings
bo less than 3/16 inoh for sizes up to and including 3/4 inch bore or 1/4 inch for
sizes over 3/4 inch bore.

284. Packing of Cocks.—The bodies of all cocks except those for pressure
gauges shall be packed with aghestos or other heat resisting material and shall be of
substantial design, those over one inch bore shall have special provision, other than
the gland for secming the plug.

Water gauge column cocks may be either asbestos packed or solid plug type.

285. Covers and Spindles.- -(1) Valves of 1§ inch bore and over directly connocted
to hoilera, and other valves of 24 mch bore and over where fitted with a cover shall
have sach cover socurod by bolts or stirds and the serewed portion of the spindle ghall
be outside the sbaffing box. All valves for superheated steam shall he fitted with
an external screwed spindle.

(h) Where the covers of valves are secured by studs, the studs shall be screwed
mto the body with full thread for » length of at least one diameter. The stud
holes shall not penctiate into she pressute space of any casting.

* Notm— Hteel cartings which will be subject to the action ot feed water shall bo made of
atecl of which the mngancse contont does not oxceeed -8 per cent.

+13y nou corrodiol muetal 13 meant motal gpomally rogistant to corrogion and/or orosion.



704 THE GAZETTE OF INDIA EXTRAORDINARY [ParT IT

(¢) Valves with screwed covers shall be fitted with a suitable locking device:
to prevent rotation of the eover.

286. Direction of Operation.—Valves shall be clearly marked to indicate the
direction of flow. Valves directly connected to boilers shall be fitted with indicators.
to show clearly whether the valve is closed or open and all valves shall open by
ante-clockwise rotation.

287. Moving Parts.—The valves and spindles shall be efficiently guided and
means shall be provided in every case to prevent them leaving their guides. The
working parts shall have sufficient clearance to ensure freedom of movement under
all conditions of service.

288, Flanges.—(a) Flanges shall be in accordance with the tables for the appro-
priate pressure. (App. E).

(b) In the case of safety valves, the drilling, thickness and bolting of inlet flanges
shall be in accordance with tables for the appropriate pressure and material
and for the diameter of flange adopted. In the case of outlet flanges the pressure
taken shall be the pressure on the outlet side of the valve.

(c¢) For the purpose of determining particulars of flanges for blow down and
soum pipe fittings, the design pressure of the fittings shall be assumed to be the
working pressure of the boiler.

(d) All flanges shall be machined on the face, spot faced, or machined at the
back, and the bolt holes shall be drilled.

289. Valve Seatings.—Where separate seats are fitted they shell L efficiently
secured. Means shall be provided in every case to prevent the valve< leaving their

guides.

290. Chests etc., in General.—(a) All chests and fittings ska!' 1« n coth, sound
and free from flaws, cracks or other injurious defects. After comrplet on they shall
withstand satisfactorily a hydraulic test to at least twice the work n« pressure of
the boiler for which they are intended.

(b) Valves may be fabricated from seamless steel pipes fo. . :r - nres not ex-
ceeding 250 Ibs. per sq. m. and temperatures not exceeding 800° F  The welding

should conform to Regulation 125 and the valve chests shouls ¢ ess relieved
after fabrication. The working pressure of the valves shall ¢} &  mined from
equation 91 where 2 Se shall be substituted by 1-8 8. The wal: -+ .ness shall not
be less than 3/8”. They shall withstand satisfactorilly a hydic:+« ¢+ to at least
twice the working pressure of the boiler for which they are m . ' |
(¢) The working pressure and thickness of the cliests shall i * uned by the
followmng formulae (Subject to the mimmum thickness m R e 283(b).
C(t—X
we= 0200 e
P.xD
iz W——-——PCX +X . . . . . . . !

D is the internal diameter of the chest in inch-~
t is the thickness of the chest in 32nds of anmn -~
C is & co efficient from the follow ng table,
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X is a provision for toleranoe, ete., from the following table :—

Table of Values of C and X
Material of Caating c X
Caat iron, at least 10 tons tensile strength . . . . . 180 [}
Bronze, at least 18 tona tensile strength . . . . . . 175 4

Cont ateel, 28/35 tons tensile strength—

For temperature up to 550°F. . . . . . . . 350 8
For temperature up to 800°F. . . . . . . . 315 8
For temperature up to 650°F, . . . . . . . 280 8
For temperature up to 700 F. . . . . . . . 265 8
For temperature up to 750°F. . . . . . . . 252 8
For temperature up to 800°F. . . . . . . . 238 8
For temperature up to 850°F. . . . . . . . 220 8
For temperature up to 900°F. . . . . . . . 154 8

Intermediate values may be interpolated.

SPECIAL REQUIREMENTS
SAFETY VALVES

201. General.-—Safety valves, ordinary, high lift and full lift, shall be so
constructed that breakage of any part will not obstruct the free and full discharge
of steam from the hoiler.

202. Definitions.—(a) An ordinary safety valve is a valve which lifts automa-
¥ically at least D/24, where D=diameter of valve seating.

(b) A high lift safety valve is a valve which lifts sutomatically at least D/12,
where D=diameter of valve seating.

(c) A full lift safety valve is a valve which lifts automatiocally a distance giving
& discharge arca round the edge of the valve seating equal to the ares through the
valve orifice, when the valve is fully lifted, after deducting the area of guides or
other obstructions,

203. Minimum Aggregate Area.—(a) Saturated Steam.—The minimum aggregate
area of tho orifices through the seatings of the safety valves on each boiler* (in-
cluding high steam and low water safety valves) shall be found by the following
formula :—

E
.A.: —C-P— . . . . . - . . . - Eqn. (78)
Where A=omfor ordinary and high lift safoty valves the aggregato area in square
inches of the orificos through the seatings of the valves,

=for {ull lift safety valves the nett area in square inches through the
seats after deducting the urea of guides or other obstructions when
the valves are fully lifted.

E=total peak load ovaporation in Ibs. per hour (including evaporation
from water walls, steaming coonomiser, and other hesting surface in
direet communication, with the boiler), for which the hoiler is
specified. Inmno case, however, shall the cvaporation as caleulated
for this purpose,be based on less than 6 s, per hour per sq. ft.
of heating surfuco (cxclusive of superhoater and non-steaming
economiser).

—_— ——

*Hubject to the application of Eqn. 79 the term “boiler’ shall include any suparheaver flkbed
to tho boiler withoat sn mtervenmng stop valve.
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P=-abeolute pressure in 8. per 8q. in. to whioh tho safety valve is set.

C'=u constant as follows :—

Sgri.ug loadod | Weight loadod
Typo of Valvy Valvey, Direct Valves,
and Lover Diroot or Lever
C. C.
Ordimnry Valvos . 4 48
High Litt Valves N 8 98
Fall Laft Valves . . . 16 18

For water tube boilers of evaporative capacity groater than 10,000 Ibs. of

wuter per hour C may bo inoreased as follows:—

—

Bpring loaded Weight loaded
Tyne of Valve alves, Direct Valves, Direct
and Lever or Lever
a. .
Ordmury Valves . 48 o 4-8 B
High laft Valves . . . . . . . 0-6 -6
Full Lift Valves . . . . . . . 20 20

Where two valves are loaded by a single spring the above areas shall be increased
by 50 per cent.

(b) Buperheated Steam.—If the valves have to pass superheated steam the ares
shall be detormined in sccordance with the following formula :—

1-5T
As=A ——
i ( 1 +5000
Where As=uarea int 8q. inch for superheated steam.

A =Area in sq. inch for saturated steam.
T—degree of superheat in deg. Fahr.

. . . . Eqgn. (79)

284 Over Pressure.—The valves shall be so designed that the maximum peak
load evaparation for which the boiler is specified will be comipletely discharged
with & r1se ip  pressure of not more than 10 per cent. of the sa}ety valve blow-off
pressurc.

295. Pregsure Drop.—The valves shall shut down at a pressuro (u) not more
than 5 pet cent. and (b) not less than 24 per cent. below the safely valve blow-
oft pressure.  For valves loss than 14 inch diameter the limits shall be increased to
(a) 10 and (b) 5 per cent. respectively.  Valves for superheated steam and for watoer
tube Loilers of an evaporative capacity greater than 10,000 ths. of water per hour
ahall be exempt from the minimum requirements (b).

296. Attachment to Boiler.-—(x) All the safoty valves of a boiler may be fitted

in ono chest but, with tho following exeeption, such chest shall be separate from any
other valve chest.

T the case of boilers with overhead engines where tho cylinder casting is mount-
od directly on the shell, the safety valves may be uttached to the engine eylinder
easting, provided that the pussuge way to the valve complies with the above rules.
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(b) The chest shall be connected to the scating by a strong and stiff neck, the
passage through which shall have a cross sectional aren at least oqual to the sum of
the arcas of the valves.

(¢) Safety valves shall be mounted so that the axis of the valveis vertical.

(d) Bhut-offs or obstructions or any description shall not be placed botween
the boiler and the safety valve.

(¢) The inlet and outlet flanges shall be drilled in accordance with the appro-
priate table in App. E for the dismeters of flanges adopted.

207, Openings in Shell.—No accessories other than those integral with the
Bafety Valve shall obstruct the openings in the boiler shell. Discharging steam
shall have direct aceess to the safety valve without flowing through internal pipes,

298, Discharge Passage.— Steam Safety Valves.—The area of the waste
steam passage hoth in the valve itselt and in the eseape pipe, shall be not less than

£ sq. in. for high lift valves, und k— #q. in.

E . .
—= 8q. in. for ordinary valves, P 9-6p

4P
for full lift valves.

Where K and P are ag defined in Reg. 293.

299, Drainage.—Yor each encloged safety valve chest a moans of drain-
ing shall be provided. The drain pipe shall be laid with s continuous downwurds
gradient clear of the boiler to a place where the discharge is visible and cannot do
injury to any person.

300. Moving Parts.—Tho vulvey and spindles shall bo efficiently guided and
means shall be provided in every case to prevent their lifting out of their guides,
The working parts shall have sufficient clearsnce to ensure freodom of movement
under all conditions of sorvice. The spindle shall not be fitted with a stuffing box.

301. Bearings for Levers.— The bearings of tho levers of lever valves shall he

8o dosigned as to allow of freo working of the valve under all conditions of service,

‘Where the lever is mountod on pin bearings, the holes in the lever shall be bushed
with non-corrodible metal, or the pins shall be of non-corrodible metal.

302. Attachments of Weights and Springs.—(a) In » lever and weight safoty
valve the weight shall be in one piece and sttached to the lovor in such a way thet the
safety valve cannot bo overloaded.

(b) In the case of spring louded safety valves, wushers or forrules shall bo
fitted under the adjusting scrows so that the valves cannot be overloaded when under
steam. Where springs are in tension, links or other suitahlo stops shall be fitted to

) prevent, the spring heing cxtended a greater amount than that corresponding to a
valve lift of D/4,

where D=diameter of valve seating.

303. Easing Gear.—Safoty valves shall e so arranged that thoy can be cased
off their seats when under pressure and the essing lover shull positively lift the
valve.

304. Litt.—Safoty valves shall be eapuble of being lifted a distanco such that
the area of the discharge edge shall be not le-s than the mintmum aggregate area,
A in Reg. 293.

805. High and Low Water Alarms.—High and low wator alarme shall be
adjusted so that the alarm is sownded with the water level visible in the ganges.

306. Final Setting.—Each safoty valve shall, before leaving the makor's works
be adjusted to blow-off at the specified pressure.



708 THE GAZETTE OF INDIA EXTRAORDINARY  [Pait I

SeEINGE

307. Materials.—(a) The springs shall be manufactured from steel made by
thei Acid or Open Hearth process and shall show an analysis the following com-
position :—

Carbon . . . . . not less than 0-9 per cent and not more than
1-2 per cent.

Manganese ., . . . not less than 0-45 per cent. and not more
than 075 per cent.

Bilicon . . . . . not more than 0-30 per cent.

Sulphur . . . . . not more than 0-0b per cent.

Phosphorus . . . . not more than +05 per cent.

The manufacturer shall gupply an analysis of each cast when required to do
80. Should independent analysis be required, these shall be made at the rate of
one per cast.

(b) All springs shall be formed hot and shall be hardened in oil and suitably
tempered.

808. Dimensions.—The compression or oxtension of safety valve springs required
to load the valves to the set pressure shall not bo less than one quarter of the dia-
meter of the valve, due consideration being paid in the case of spring loaded lever
safety valves to the ratio of leverage.

The proportion of unloaded length to external diameter of the spring shall not
exceed 4 tu 1.

300. Determination of Working Presgure.—The maximum working pressure
to be allowed for steel springs of round, square or rectangular section shall be de-
termincd from tho following formulae :—

(a) Round section

3
W.P.:LQ%%T‘;_ .. . . . . . Equ@80)
(b) Square section,
wor=Shk - - Bqn. (81)
{0) Reotangular section,
W.P.= 160,0005° H* Eqn. (82)

~DACK (3B-+1-8H)

Where (all dimensions in inches) :(—

12 1
K= + 616 (In oase of rectangular section substitute B
45_1_)_ 4 #__5 for d)
d d Eqn. (83)

W.P.=Working pressure in Ib. per square inch (get pressure).
A=Toading area of valve.
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d=diameter of round of side of square steel,
B=Breadth of wire (radial to spring axis).
H=Depth of wire (parallel to spring axis).
D=Mean diameter of coil,

Ce=Constante _LALT_IL .. . . . DEq (89

Ly =Initial compression or extenaion of the spring to give the required loading.
{(W.P.xA)

Iy=The further compreagion or extension of the spring to give the lift as defi-
ned in Regs. 203, and 304.

Ezamples:—

0=2 where compression or extension of spring to give the required loading is }
diameter of valve.

C=1-5 where compression or extension of spring to give the required loading is }
diameter of valve,

C=1-25 where compression or extension of spring to give the required loading is
full diameter of valve.

Nore. —The above formulae are based on a maximum allowable safe stress on the section
of the springs of 80,000 1bs. per sguare inch,

310. Tests.—Compression springs shall not show any permancnt set after being
eompreased coil to coil six times in & quick acting serag. Extension spring shall not
show o permanent set after being tested to 25 per cent. in excess the load neces-
sary under working conditiona to lift the valve,

_ 311. Extension Springs.—Extonsion springs shall be made from round section
wire,
312. Number of Effective Qoils.—The numbor of effective or free coils in A com -
preasion or extension spring shall bo determined from the following formulae :—
(i} For Round or Square Wire

K xCxd

N= W . B . . . . . . Eqﬂ (85)
(ii) For Rectangular Wire
66B*H? K
N: Zfiﬂ—rmﬁa . . . . . . . qul. (86)

"Where N-=Number of effective ocoils,
K =Compression or extension in inches at set pressure,
C=22 for round, 30 for square steel,
d==diameter or side of square steel in 16tha of an inoh.
S8=Load on spring in 1b. at blow off pressure.
D=Mean diameter of coil in inches.
B=Breadth of wire in 16th of an inch.
H=Depth of wire in 16th of an inch.

313. Spacing of Coils.—The spaoe botween the coils, when tho valve is ¥ifted one-
fourth of ite diameter shall be not less than 1/16 in.
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The springs shall be coiled in such a manner as ensures the coils being uniformly
spaced and the sides to be paralle]l to the axis of the spring.

314. Finighing of Ends.—Compression springs shall have their ¢nds ground flat
&nd smooth and at right angles to the axis of the spring over the full eircumferenee
#0 that when placed on end the springs will stand perpendienlar.

Sror VaLvus

315. Lever Valves.—Where the valve is operated by means of a lever, whether
hand or mechanically controlled, the lever shall be of ample strength and the bear-
ings shall be so designed as to allow of free working of the valve under all condi-
tlons of service,

316. Steam Stop Valve.—(a) A steam stop valve shall be fitted between the
boiler and the steam pipe and, except in the case in which a superheater forms an
integral part of tho boiler itself (e.g. in the Babeock and Wilcox water tube boiler)
between the boiler and the superheater. Where two or more boilers are connected
with a steam receiver or any other vessel, a steam stop valve shall be fitted between
the boiler and such receiver or vessel.

(b) Steam stop valves shall be attached direct to the boiler shell or to suitable
peds or stand blocks riveted to the shell, and the neck of the valve chest shall be
reasonably short and of strong construction : Provided that in the case of a larger
boiler in which it i8 proposed for the purpose of drainage or owing to obstruotion,
to connect the steam pipes to the steam stop valve at a higher level than would be
obtaired under this Regulation, & vertical stand pipe not exceeding 5 diameters in
height will be permitted between the stop valve and the boiler. Such stand pipes
ehall be of strong construction, and of wrought iron, mild steel, or cast steel. The
flanges of wronght iron or mild steel pipes shall be riveted or welded to the pipes,
and there shall be no branch on the stund pipe for any other connection. .

Provided also that in the case of a largo boiler in which it is desired to fit a tee
piece for the purpose of providing a branch connection hetween the stop valve and
the boiler, such a tee piece may be eo fitted. The tee piece shall be of strong, con-
struction, of wrought iron, mild steel, or cast steel and shall not exceed 2} diameters
in height, A stop valve shall be fitted direct to each tee piece branch.

() No stop valve of the wedge type shall be employed for steam service.

Brow-powx Coox orR VALVEH AND PIPES

817. @eneral.—Tho blow-down cock or valvo shall be of substantiul construc.
tion. The waste pipe attached to the cock or valve shall not be connected to a pi}f{o
common to another boiler. The pipe shall not be bound fast in earth or bricke
work.

318. Blow-down Mountings.-—(a) Eack boilor shall be fitted with a suitable
blowdown valve or cock placed at, or a8 near as practicable, to the lowest point
of the boiler.

(b) For locomotive, vertical and marine type boilers, the valve or cock shaff
be attached direct to the boiler or to a suitable pad or stand pipe. For water tube
bollers the valve or oock shall be outside the brickwork with & substantial stesj
pipe between it and the mudbox.
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(¢) For Cornish and Lancashire boilers the cock or valve may be attached to:
a cast stecl elbow pipe of substantial section bolted to a suitable stand pipe or pad
riveted to the boiler. But cdst iron elbow pipes shall not be permitted.

319. Blow-down Valve or Cock.— (2) Each valve or cock shall be fitted with a
device which shall indicate clearly its open and closed positions, and any key or
similar device for operating the valve or cock shall be suoh that it cannot be removed
unless the valve or cock is fully closed.

{b) The locking feather shall be secured by welding.

(¢) Cocks fitted with taper plugs shall be of the bolted cover type with separate
packing glands.

Warer GAvGEs

320. (1) Every boiler shall have two indopendent means of indicating the water
level in it and have marked on it, when applicable, in a contiguous position easily
seen, the level of the highost part of the f‘};rnaces, fircbnx or combustion chamber
a8 the case may be,

(b) All boilers 3 ft. dia. and over shall be fitted with two glass water gauges.
For small boilers whore there is difficulty in fitting two glass water gauges two test
cocks may be fitted in place of the second glass water gauge.

(6) The lowest visible part of the glass of the water gauge and lower, test cock
shall be fixed at safe working level. Hor locomotive type and vertical boilers
this shall not be less than 2 inches ahove the highest part of the firebox roof plate.

(d) Glass water gauges shall be so placed as to be easily seen and reached by
the boiler attendant. The fittings of glass water gauges and test cocks ghall be
of subatantial make with large passage ways through them to facilitate cleaning,
The gauge cocks when open shall have their handles in & vertical direction and each
handle at its junction with the plug shall be plainly marked with a decp line to indi-
cato the direction of the passage way through the plug. When delachable handles
aro provided arrangement shall be made to prevent incorrect fitting of the handles.

321, Drains.- A drain cock or veolve with a wuitable dirchorge pipe rhall he
fitted to each water gauge.

322, Protectors, -Where tubulu glass water  gaugos are  fitted, substantial
protectors shall be provided. The glass shall be suitably troated {o prevent splin-
toring.

323. Glass Size.—Tubular water gnugo glasses shall be not less than § inch
and not more than ¥ inch outside diameter.

324. Safety Devices.—Walcr gaugo glass mountings shall be fitled with self
elozing devices inthe hottom arm and it iy recommeonded that a similar device should
be fitted in the top arm.

325. Gauge Columne.—Whoro the gauges are mounied on a column theroe shall
be no connecting passage between the top and bottom arms of the column unless
valves or cocks are filted between the column and the boiler,

326. Isolating Cocks.—Where isolating cocks or valvos conneeting water gauge
ipes top the boiler are fitted, they shall be not less than 1 inch bore and of the
}1))0 ted cover type with separate packing gland,
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Pressurn (GATGES

327. Dials.—(a) For pressures up to and including 500 lbs. per sq. in. pressure
guage diale shall be graduated in pounds per square inch from zero to twice the
[pressure, as nearly as may be practicable.

(b) For pressures exoeeding 500 1bs. per sq. In. the range of graduation shall be
from zero o one and a half times the maximum permissible working pressure, as
nearly as may be practioable, but in no case shall be maximum graduation on the
guage be less than 1,000 lbs. per sq. in.

{c) The scale on the dial shall be clearly and permanently marked “Ibs. per
8q. in.”,

(d) The dial of each pressure gauge shall have marked upon it in red the maxi-
mum permissible working pressure.

(e) Where the gauge is eompensated for a head of water between the gauge
and the boiler connection, the amount of such compensation shall be marked on the
dial. Pressure gauges shall be calibrated within an accuracy of 4-1 per cent. of the
working pressure. Boiler pressure gauges shall be not legs than 6 inches in diameter
except in the case of smtﬂll) boilers where a guage not less than 4 inches in diameter
may be used.

(f) The travel of the pointer of dial gauges shall not exceed 325°.

328. Connections.—All pressuro gauges shall bo fitted with a syphon pipe and
& cock or valve integral with, or adjacent to, the gauge in such manner that the
gauge may be shut off and removed whilst the boiler is under steam.

320. Gauge Cocks.—The handles of the gauge cocks shall be parallel to the pipos
in which they are located when the cocks are open and marks shall be out on the
shank of the cock indicating open position.

Trar CONNBOTIONY

830. Inspector’s Pressure Gauge Attachment.—Every boiler shall be fitted with
a valve or cock carrying in a vertical position a receiving serew for the attachment
of the inspector’s pressure gauge. The receiving socket shall be tapped with # in.
British Stendard Whitworth screw thread and shall be fitted with an easily re-
movable ocap.

FusiBLE PLUGS

331, General.—Fusiblo plugs shall be of sufficient height and fitted in such a
position as to give early protection to all parts of the boiler liable to damage by the
direct application of furnace heat in the event of shortness of water.

Notuw,—or ewxaumple : In Lancashire Boilors tho fusible plugs should be in the crowns of
the furnuneos fiom 12 mehes to 18 1nches in front of the brickwork fire bridge.

332. Type.- -Fusiblo plugs shall consist of an outer body with u central conical
passage, the smallest part to be not greater than } inch for plugs suitable for pres-
gures up to 100 lbs, per sq. in. and not greater than 3/8 inch for plugs for pressures
exoeeding 100 1bs. per sq. in. The passage shall be closed by a plug secured by an
annular Lining of fusible alloy so that the plug may drop clear if the lining melts.

The portion of the body carrying tho fusible metal should preferably be detach-
able from the bage to allow of easy replacement without removing the whole fitting
from the boiler.

333. Material.—Tho non-fusible portions of the plug shall be of bronze except
where the nature of the boiler water precludes the usc of a non.-ferrous material.
The fusible metal shall be an alloy melting readily at a temperature not less than
160° F in excess of the saturated steam temperature at the maximum permissible
working pressure of the boiler.
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334. Attachment to Boller.—Wherevor practicable fusible plugs shall be
sarewed into the boiler plates from the waterside. The screwed portion shall have
threads or Whitworth form not more than 11 per inch.

Furep VALVES
835. General.-—(a) Feedcheck valves shall be of the non-return type.

(b) Where the valve is not of screw-drown non-return type a separate sorew-
down valve shall be provided.

(¢) The discharge from the feed check valve or from the internal feed pipe (f
Erov-ided) shall be above low water level and in the case of Lancashire and Cornish
oilers shall be at least 5f. beyond the fire bridge.

886. Operating position.—Feed chock valves or regulating valves shall be so
arranged as to enable them to be satisfactorily operated from the boiler floor.

CHAPTER VI
SUPERHEATERS
TUBES
33'7. Material and Construction.—See Reg. 161.

838. (a) The Working Pressuro of tubes shall be determined by the following
formula :—

WP:% (T=C)evviieniinnnnn, (Eqn. 87).

Where T=Minimum thickness of tube in inches.
W.P.=Boiler drum working pressure in lb. per sq. in.

D=0Qutside diameter of tube in inches.

f—=Pormissible working stress in Ib. per 8q. in. at working metal temperature
See Table below.

C=Constant as follows :—

Cold Hot
Dravn Drawn
Tubes. Tubes.

Tor generating tubces and unprotocted furnace wall tubes C=0-06 C—=0-08
The working metal temperature shall be taken as :

{(a) For boiler tubes, the saturation temperature corresponding to pressure
‘W.P. plus 25° F.

(b) For conveotion superheater tubes, the maximum steam tomperature for
which the tobe is designed plus 50°F.

(¢) For radiant superheator tubes the designed maximum steam tempera-
ture plus more than 50°F, the amount depending upon the super-
heater design.
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Permissible Working Stresses for Tubes.

Table.
Working metel temperature Low carbon atoel  [Molybedenum §%,( 19, chrome 49,
tubes to Reg. 36 stoe) tubes molybdenum
and 43 ateel tubes
Upto

850°F . . . . . | 10,000 1bs. faq. in.}
700°F . . . . . 600" 7
780°F . . . . . 8,000 7 > ¥ 12,000 12,000
800°F . . . . . 8,000 »* »* »
850°F . . . . . 6,800 » ¢
800°F . . . . . 5,600 11,800 11,600
950°F . . . ) . 8,400 9,800
975°F . . . . . 6,100 8,400
1000°F | . . . . .. 4,600 7,000
1025°F 5,750
1050°F 4,500

Intermediate values may be interpolated.—

(b) In no case, however, shall the (standard wire gauge) of tube as supplied
be less than those given in the following table—

[Subject to the tolerances Regs. 36 (d), 43 (d), 48 (c) and 53 (c).]
Table.

‘Woldlers tubes

Outmde diameter n inchos
Hot finished Cold drawn

BWG BWG
Upto and including 2 . . . . . . 10 13
Over 2, up to and meluding 3 . . . . . 10 12
Over 3, up to and ineluding Sj . . . . . 10 10
Over 3%, up to and including 4} . 9 9

(o) Where tubes are bent the rosulting thickness of the tubes at the thinnest
part shall be not less than that required for plain tubes.

HEADERS AND SIMILAR PRESSURE PARTS

339. Material and Construction.—Sce Regn. 154 & 244(b).

840. Rectangular Headers Symmetrical in Form.— (a) The Working Pressure
shall be determincd by the following formuls
£ (b—1)2
WP ———— . . . . . Eqn. (88)
bt % C
Where W.P.==The working pressure in 1bs. per sq. in,
t=The thiokness in 1/32 in.

b==The breadth in inohes between the supporting sides of the header less one
fnside corner radius ‘r°’, this being the corner radius of the rectangular box from
which the header is pressed or of the header casing, which shall be not less than
1/4 in. In no case, however, shall ‘ b ’ be taken as less than 0-9 of the breadth bet-
ween the supporting sldes.
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C=300 for wrought stoel and 350 for 4teel castings : where the sides are corru-
gated or otherwise reinforced by substanlial supports so that the length of the
flat portion between the corrugations or supports does not exceed ‘b *. ‘¢’ ghall be
taken as 176 for wrought steel and 200 for steel castings.

f=The pormisgible stress at working metal temperature Ibs. por sq. in. see table
below,

(b) If the faces of the headers are machined locally at the tube holes or hand
holes the thickness ut that part may be as much ns 6/32 in. less than given by Equa-
tion 88 but irrespective of the thiocknoss obtained by the use of the formula, the
thicknesa of the headers at tho tubo holes in 1/32 in. shall he not less than :

t = 8x+/d48 . . . . . . . Eqn. (89).

Where d—The diameter of the hole in inchey, and in no case shall the thick-
ness be less than 10/32 in., except thut in small patches not exeeeding one-half a

8q. in, in area, the thickness may be 50 per cent. of the thickness used in Equation
88.

(c) The permissible stross at working metul temperature shall be as given in
the table below.

TABLY
Pormissible stress in Ib/aq. in.
Working metal Wrought steel having an ultimate tensile stress

temperature in tons per aq. in. of :— Caat

—_— Steel

28-38

2428 26-30 28.32 32-36 34-38 tona

Aq. in.

Upto

BE0F . . *. 12300 13300 14300 18300 17300 10000
800°F . . . 12300 13300 14300 18300 17800 9000
650°F . . . 12300 13300 14300 16300 17300 8000
700°F . . . 11800 12800 13800 15800 16800 7580
R . .. 10600 11600 12300 14000 14800 7200
800°F . . . 9300 10000 10500 11800 12600 | 6700
850°F . . . 7500 8300 8500 9200 000 4300
PO0°F . . 68300 6300 (3300 6300 6300 4400

Intermodiato values may be interpolated.

The working metal temperature shall bo taken as :—

(d) For saturated steam, water drums, muddruma and headers, the saturation
temperaturce corresponding to the pressure WP plus 50°F,

(¢) Yor superheater headers the designed maximum steam temperature for

that header plus 50°F.

(f) Where headers are adequately protected from the gases of combustion or
swept by such gases in the third or subsequent pass of a boiler, the working metal
temperature shall be taken as the saturation or designed maximum steam temper-
aturo as defined above, whichever applies. A covering of refractory or ingulating
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material which may be liable to become dislodged shall not be deemed adequate-
protection.

341. Headers Irregular in Form.—In oases where the headers are of sueh
irregular form as to render impracticable the application of a formula for the
determination of thickness, the manufacturer shall show the suitability of the
headers for the working conditions by indicating practically the maximum internal
hydraulic pressure which a header, made to the same design and of similar material,
will withstand without permanent deformation. The maximum working pressure
for similar headers may then be determined by the following formula :—

Permissible stress at working metal temperature
W.P.=P;x Eqn. (90).
FxC

Where W.P.=The working pressure in lbs. per sq. in.

P,=The maximum internal hydraulic pressure withstood without permenent
deformation.

F=1-75 for wrought steel and 2 for cast steel,
C=15 500 for wrought steel of 24 tons per sq. in. minimum ultimate tensile
stress, .
=16 500 for wrought steel of 26 tons per sq. in. minimum ultimate tensile
gtress,
=18 000 for wrought steel of 28 tons per sq. in. minimum ultimate tensile
gtress,
=21 000 for wrought steel of 32 tons per sq. in, minimum ultimate tensile
stress,
=22 000 for wrought steel of 34 tons per sq. in. minimum ultimate tensile
atress, and
==15 500 for cast steel of 28 tons per 8q. in. minimum ultimate tensile strees.

342, Oylindrical Headers.— Where cylindrical headers are  provided their
working pressure shall be determined by Equation 72.

CHAPTER VIII
STEAM PIPES AND FITTINGS

343. Steam pipes may bo wroucht iron, wrought steel, cast steel and in some
ocages of copper, Steel pipes may be solid drawn (cold or hot finished) or lap welded.
Wrought iron pipes may be lap welded. Copper pipes shall be solid drawn and no
pipe made from the electrode pogition of copper on a mandril shall be used for
steam delivery.

MATERIAL
344. Steel pipes.—(a) Thesc pipis b+l be mede by the open hoarth

or an electrio process acid or bssie, Where the raterial is used for designed steam
temperatures above 750°F, the st~'1slall be ~f non-segreguted or fully killed tvpe.
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(b) The material from which these pipes are made shall conform %o the following
requirements :—

See Table 1.

TanrLm 1

Ultimate tensile Min. elongation per cent.
stress in tons

per 8q. in,

On 8in. On 2in.
Kind of pipes Bulphur| Phos-
Maxim- { phorua
Not less; Not 1" thick| Lesa 1 in. Lesa murmn maxi-
than more and than, thick than % mum
than over | }” thick | and 1" thiek %

over

Cold drawn Weldless Steel Pipes

Biripe  out from 23 30 20 18 32 30 B
the pipes and
tested in their
curved condi-

tion. »  -05 05

Test longths taken 23 30 25 23
from  finished
pipes (ends of
pipes to be plug-
ged for grips)

Hot-finished Weldless Steel Pipes

Stnpﬂ ent from the 23 307 20 18 33 30 '}

1pes and testod

in their curved
oondition

Test lengths takoen 23 30 25 28
from fnished
pipos  (ende of
pipes to be plug.
ged for grips).

Roll Lapwelded Steel Pipes

8trips cut from the 22 28 20 1% 32 80 )
pipes olonr  of
tho welds und
tegted in their
ourved condi-
tion. F

Test Jengths takon 22 28 25 23
from finished
pipes (onds of
pipes to he plie-
ged for grips)

-08 -08
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Hydraulic (water gas) Lapwelded Rigcel Pipes

\
Ultimate tensile stress ‘ Min. Elongation per cont. on # | Sulphur | Phos-

in tons por sq, n, in. maxi- | phorus
- 1 - mum maxi-
Selooted  snnples ’ \ Liens than % num
cut tronsversely 17 thick o
Not less | Not moro | $” thick| and not Lens
1han than |and over lews than
| than 17 thiok
1" thick I

28 2y / 23 20 18 .08 05

345, Condition of pipes.—All Pipos shall be commercinlly straight free from
Jongitudinal seaming, grooving, blistering or other mjurious snrface marks. The

ends of the pipes shull be cut square.

MurcEANICAL TEST

348.- —Flattening test (For pipes upto and including 4-in. nominal hore).—
A ring not less than 2 in length cut from one end of each selected pipe shall when
cold withstand, without showing either cruck or flaw , being flattened between
two parallel flat surfaces until when the pressure is released the interior surfaces
of the test piece remain at the middle a distance apart equal to 4 times the thick.

ness of the pipe.

3417. Cold bend test (For pipes over 4-in. mominal bore).—(a) A strip 13"
wide cut circumferentially from one end of each selected pipe shall when cold
withstand, without showing either crack or flaw, being doubled over in the direction
.of original curvature round a bar, the diameter of the bar being :—

For pipes upto and including 3/8" thick . 3 times the thiockness,
For pipes over 3/8” thick . 4 times the thickness.

Bend Test on the Weld.—(b) A sirip 13" wide cut circumferentially from one
.end of each selected pipe with the weld near the middle of the strip, shall when cold
withstand, without showing either crack or flaw, being doubled over in the direo-
tion of original curvature round a bar, the diameter of the bar being equal to eight
times the thickness of the test piece, the weld being placed at the point of maxi-

mum bending.

Additional test.—(c) Should a pipe selected for testing fail in any one or more
of the tests specified above, two further tests of the same kind may be made from
the same or other pipe. Should either of these fail, the pipes represented may be
rehecat treated and then rotested. If the repeat test arc satisfactory, the pipes
shall be socepted provided they comply with other requirements hnt if failure again
occurs, the pipes which the test pieces reprosont shall be rejected.

848. (a) 'The process of welding Jap jointed seams shall be by hammering or

rolling the joint.

(b) On completion of any work which involves heating, whether for welding
the joint, welding on flanges, hot bending the pipe or for any other purpose, the
pipe shall be carefully annealed.

349. The pressure and temperaturc limits within which pipes, tees, branches
oto., shall be used shall be in aceordance with Table 2.
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WORKING PRESSURE OT STEAM PIPES

350. 8teel and Wrought Iron Pipes.—1'he maximm working pressure allowed
on steel or wrought iron pipes ehall be determined by the following formula =—

28e. (—9)
WP.=——— . . . . . Eqn. (91)
100 D

t=minimum thickness in hundredths of an inch.
W.P.=Working pressure in lbs. per sq. inch.
D=0utside diameter of pipes in inches.
S=Allowable stress in lbs. per sq. inch as specified in Table 3.
o= efficiency factor—
1 for weldless steel pipes,
-9 for welded steel or iron pipes for values of ¢ up to and including 7/8%,

-85 for welded steel pipes for values of # over 7/8” and upto and in-
cluding 1-1/8",

-8 for welded steel pipes for values of ¢ over 1-1/8”.

351. Cast steel Pipes.—(z) The material shull comply with Rogulations’ 78 to
80, 1.e., 28 tons minimum tensile stress.

(6) The maximum working pressure allowed on cast steel pipes shall be deter-
mined by the following formula :-——
28(t— 015 d;— -25)
W.P. = . . . . Eqn. (92)

dy

t=minimum thickness in inches.

W.P. =Working pressure in lbs. per sq. in.
d=internal diameter of pipe in inches.

d; ==external diameter of pipe in inches.

8 = allowable working atress in Ibs. per sq. in. as specified in Table (4).

362. Oopper Pipes.—(¢) Tho waterial shall comply with Regulation 85.

(b) Copper pipes may be used for a working pressure not excooding 180 by,
The external diameter shall not exceed 5-in.

{(¢) Copper pipes shall not be used for superheated steam.

{d) The maximum working pressure on such pipes shall be dctermined by the
following formula :—

60 (t—3) . . . . . . .Eqn,(93
WP =—— )
D
== minimum thickness in hundredths of an inch.
W. P. s working pressure in lbs, per sq in.

D = outside diumeter of pipe in inches.
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TaBLE 2
(Maximum permissible W. P. and Temperature)
Maxingum Maximum
Mothod of permissible ermiasible
Material manufaoture | pressure in [ba. mperature Fopm
per 8q. in. in °F,
Mild atesl Cold drawn No reatriotions 900
weldleas, Btralghts, bonds
or toos, eto.
Hot finished Do. 900
woldlers.
Hydraulie Do. 900 Do.
atergae lap-
wolded.
Roll lap-welded 300 500 Do.
Wrought Iron Roll lap-welded 250 425 | Btraights, bends
or tees, eto,
Uast Steel Castings No restriotion 900 | Btraights, bends
) or tecs, eto,
Copper Bolid drawn . | Upto and inelud. Straights and
ing &87..180. bends.
TabLu 3
MaximumY¥permissible working Stress in 1bs. (Values of §)
—_—
Pormisaible Working Stress in 1bs. per eq. in. for desiga
temperature in °F.3
Over
Pipen | 425° | 500°, B5O°| 600° ‘ gho° ' 700° | 760° | BOO® | BKQ®* | 875°
- { |
Up to and including
425° 500° | 850° | 600° | 650° [ 700° | 760° | 800° | 850° | 875° | 000°
i
Cold drawn 11200] 11200 10000| 8800 | 8400 | 8000 | 7500 | 7000 | 5880 | 4880
Weldless Steel,
Hot finished
| Veldless Bteel,
HAydraulio 10000] 10000 9000 | 8000 | 7560 [ 7200 | 67560 | 6300 | 5380 | 4400
(%atergu)
1ap-welded ateel:
Kol lap-welded 10000 .. .e Not used for these temperaturas,
Bteel.
Lag-woldo'd 7500 .. .. . Nob used for theso temparatures.
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TanLE 4
Maximum permissible working stress in 1bs. for cast steel (Values of 8)

Permissible working stresa in lba. per &q. in. for design temperature in°F

Over
l 550° a00° 850° 700° 750° 800° 860° ‘ 878°
Up to and inoluding
550° | 600° 6860° | 700° 750° 800° 850° B75° 0900*

10000 |B000 8000 7560 7200 8750 8300 5280 4400

ATTACHMENT OF FLANGES

358. Flanges of Iron and Steel Pipes.—(z) Flanges of iron and steel Iii o5 May
be made of cast steel wrought iron or wrought stee] made without a weld. They
may be seoured to the pipes by sorewing, riveting or welding.

() No flange or blank flange of cast iron shall be attached directly to main
steam pipes or form part of main steam piping.

(¢) Blank flanges shall be of mild steel or cast steel and shall be not less in
thickness than the flanges to which they are attached.

854. Screwed on flanges.—The pipes may be screwed into flauges with a
disappearing thread and expanded. Such serewed and expanded flanges may be
used for steam for a maximum pregsure of 450 lbs. per sq. in. and/or & maximum
temperature of 750°F and for feed pipes for pressures up to 600 Ilbgfaq. in.
Sorewed and expanded flanges mayin addition begeal welded.

355. Loose Flanges.Loosn flanges may be used whore the joints are made
by metal to metal faces integral with the ends of the pipes. Alternatively these

joints may be welded or scal welded. The loose flange shall conform to the table
given in Appondix E.

Where the joint is formed by integml flanges, these after machining shall be not

less in thickness than the designed thickness of the pipe as caloulated by Equ-
ation (91).

356. Riveted on flanges.——(z) Riveted on flanges shall only be used for pipes
of 7" bore and above and for a maximum pressure of 350 lbs. per aq. in. and/or
& maximum temperature of 750°F,

(b) The shear stress in the rivets shall nnt exceed 6000 Ibs, per sq. in. when
ealoulated by the following formula :(—

A, <P
AN
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Where Sr = the shear stress in the rivets in lbs. per 8q, in.

A, = oross gectional area, caleulnted on outside diameter of pipe in sq.
inches.

P = working pressure in lbs. per aq. in.

N = number of rivets.

A = Area of one rivet hole in aq. in.

(c) The stress in the pipe shall not exoeed that specified in Table 3 when cal
oulated by the following formula:—

(A, X P)

Sp = . ) ; . Eqgn. (8b)
(A, —Al)— (N xd xt)

Where Sp = the stress in the pipe in Ib. per &q. in,,
A, P and N have the values given above, and

Al = crosss sectional area, caloulated on inside dlameter of pipe in sq.
inches.

d = diameter of rivet hole in inches,

t = minimum thickness of pipe in inches.

(d) The flange hub thickness shall not be less than 0:2 in. thicker than the
minimum thickness of the pipe.

(¢) The distance from the edge of the hub to the centre line of the rivets shall
be not less than one and a half times the diameter of the rivet hole.

(f) The pipes shall first be properly expanded into the flanges or alternatively
the flanges shrunk on to the pipes the rivet holes shall then he drilled through the
pipe and hub, and the holes afterwards countersunk to remove barrs.

(9) After riveting the flango hub shall be fullered at the back.

357. Welded on flanges.— (@) Whern flangss are welded on, the welding shall
be carried out by the oxy-acetvlene or electric process.

(b) The proportions of the welds in the case of metallic are welding shall be

as indicated in Figs. 28-32, tho respective working condition for each type being
ag follows :

Figs. 28, 29 and 32: for all pressure and temperature conditions

Fig. 30: for pressure condition up to 250 1bs, and temperature not exceeding
700°F,

Fig 31 : for pressure conditions up to 150 lbs. and temperaturs not exceed-
ing 500°F,

(¢) (#) Electric Welds made in accordance with figure 32 shall be stress
reheved.

(#) Similar welds mado in accordance with Fig. 28 or 29 shall be stress relieved
when practicable.

(ic8) Flanges for use at temperatures over 700°F. which are welded by the oxy-
acetylene process shall be normalised.

(@) For sizes up to and including 12” bore bossed or hubbed flanges may be used
in Figs. 30 & 31.

(e) Welded on flanges may be screwed on to the pipes prior to welding.
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Fig. 28. For all pressure and temperature conditions.

t but not less than } in and-uot more than 8/4 in.

t

t but not legs than 3/8 in.

14 t but not less than 3/8 in.

1} ¢ but not loss than 3/8 in.

t but not loss than 3/8 in, nud not more than 3/4 in.

Q Higijgral ! e

t but not legs than 1/4 in.
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Fig. 20. For all pressure and

— o —

temperature conditions,

1/2 b but not lesg than 8/18 in.

o

1/4 in. Min, for Tubes up to and Including 8/16 in. thick.

t— 1/18 in. for Tubes over 8/18 in. thick end up to and including 8/18 in.

t—1/8 in, for Tubes over B/16 in. thick and up to and including 7/8 in.
t— 1/4in, for Tubes over 7/8 In. thick and up to and including 1 in.

t but not less than 3/8 in.

1} ¢ but not less than 3/8 in.

14 ¢ but not leas than 3/8 in,

t but not less than 3/8 in. and not more than 3/4 in,

InBEL- RN --B =3 ]

t but not leas than 1/4 in.
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A 1§ t but nnt less than
3/8 in. —

B 1} t but not less than
3/8 in.

—

7
7 Y
A

s,

@]

]

D + bus pot less than
% in, .

A 3t but not loss than
1/18 in.

B 2%

— 7
¢ |4 A aEHSOOOTSEErEE,EsS
D t

Fig. 31. For pressure conditions upto 160 Ibs. and temperature not exceeding 500°F-
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Fig. 32. For all pressure and temperature conditions.

Al t4-1/16in, )

B 1/16in. mm, }whevo t 1 not greater than 1/2 in.
-
. G| 1/18in. mu. J

Where t is greator than 1/2 inch. ¢« U’ shapea groove as shown may be used.

«© 156° min.

r 1/8 in.

h| 1/8in. max,

g | 1/8in. min. } in. mux.

Bl 1/16 in, mun.

858. Flanges of copper pipes.—Flunges of copper pipes may be made of brass
or bronze. When flanses are attached to vopper pipes by brazing they shall be
ssoared in suoch additional way (e.g. by riveting the onds or forming a oonical end
go as to fit into u cvonioal bore in the flange that the resistance to withdrawal from
the flange does not depend wholly on the brazing).

_ 859, Standard Flanges.— Tho size and thiokness of flanges and the number and
#ize of their bolts chould be as shown in Appendix E.

360. Joints —(a) Those Rogulations provide for ordinary bolted flange joints.

?AP:I‘)’;?’%O;YP% of joints may be used, subjoct to tho approval of the Chief
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(b) All steam pipes with butt welded circumferential joints having a wall thick-
ness ot 3/8" and ahove or varrying a prossure of over 50 1ba. shall bo effectively stress
relieve,

(¢) Such butt welded joint shall conform to standard specification.

STEAM PIPE FITTINGS AND CONNECTIONS

361. Wrought Bends.—(z) Wherover practicable the radii of bends (on centre
line) shall be not less than those given below :—

Bore up to and including 6 in, R—=3xd
" ovor 8 in. up to and including 9" R==3-5xd
" over 9 in. up to and including 127 R=3.‘5 xd
” over 12 in. up to vnd including 15" R=4'6xd
" over 15 in up to and including 18" R=5Hxd
» over 18 in. up to and includng 20" R=56-6xd

Where d=the bore of the pipe,
R=Radius of bend to contre line of pips.

(b) The thicknoss of pipes from which such bends ure made shall be not less
than 12} per oent. groster than the minimum thicknoss requirod by Equation 91.
Whera smaller radii are neccssarv further allowances shall he made for thinning
at tho bank of the bend. Alternatively some special form of congtruction shall be
adoptod to provent undue thinning,

382. Branches, Tees, ste.—J v > shes, bosses and drain pockotashall be welded to
the pines, Wher» a branch is - il size to the mai1pipe an approved type of re-
inforcement shall bo employed. For pressures over 350 1h./sq. in. and/or tomperatures
of 750°F or ovor, branches of 6 in. bore und larger shall bo woldud inside as well as
outaido. Allernatively Lo the welding on the ins.de of the pipe, an approved type
or re-inforcement or mochanical lonk may be provided.

383. Blow-lown pipas.—(7) Blow-down pipes which can be subjreted to fall
boiler progsure shall be considered as saturatod stoam pipes at that prossure.

(b) “Blow-down pipes whirh cannot Lo subjected to full hoiler pressure shall be
considered as saturatod rleam pipos at half the working prossure of the boiler.”

364. Valve Chests.——(a) Chests of stop-valvos, isolating valves, reducing valves
stoam traps ote., forming parts of wrought iron or wrought stenl main steam piping
when for uss with saturaled stoam up to a gaugoe pressurc of 160 The. per square
inch or a temperature of 400°T. may be mado of cast 1ron, cast steel or wrought
ateel in aoocordance with the roquiroments of Rogulation 200,

(b) When superheatod steam is nusod abovo 400°F. or whon pressurcs are above
180 Ibs. per 8q. in. gaugo, euch chests shall bo made of cast or wrought steel or other
approved material in accordance with the requiremont of Regulation 200,

365. Steam Receivers, separators, eto., for femperature exceeding 560°F.—(a) If
such vossels aro fusion weldod the manufuc tnro and tests shall conform to Chapter V-

(b) The working prossure of all parts shall be determined by the appropriate
formulae givon in Chapter V.

(¢) All mountings for the above and for connectod steam pipe ranges shall be
of oast steol or other approved matorial,

366. Steam Receivers, separators, ete. for tomperature not exceeding 500°F.—(a)
The ehells of stoam receivers, steam separators, steam driers, catoh waters, drop
legs, interceptors, ete. may be made of steel plates or steel castings,
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(b) () When fabricated of ateel plates the seams may be riveted or welded.

(#) When riveted the working pressure for the parts shall be determined by
the formulae presoribed for oorresponding parts of boilers and the
h{fdraulio tegt pressure to which the vessel shall be subjeoted on com-

pletion shall be that preseribed for boilers.

(#53) Exoept where such vessels are fusion welded in acoordance with Chapter
V the longitudinal weld of vesgels exoeeding 15" internal diameter 151&11
be covered by a butt strapt

(#v) For such welded seams tho standard co-officient (! of Regulation 176 to be
used in determining the working pressure shall be 30 for both welded
and wolded and strappod seams. The strength porcentage to be allow-
ed for the wold shall be 50 and J, the strength peroentage to be allowed
for welded and strapped scams shall be determined in accordance with
Regylation 180.

(v)- Branches for attachment of steam piping shall be flanged and be either
flanged and riveted or welded to the vessel.

‘When welded this shall be done inside as well as cutside where practicable.
Alternatively to the welding on the inside of the vessel an approved type of
reinforcement or meoharical lock mey be provided,

Where a branch is of equal size to the vessel the opening shall be reinforced.
(#i) All welded vossels shall be stross relieved.

(c) (+) Where made of cast steel the shell shall comply with the requirements
of Rega. 73 to 80.

(#3) The working pressure for flat end plates of cast steel shall be determined
by the formulae for flat end plates - wrought steel.

(d) Suitable arrangements for drainage sha.. pe fitted to all vessols intonded
for use in the separation of condensed stoam., Where automatic drainage is nos
provided a glass water gauge of substantial make to indicate the water level int the
vessel and a substantial drain cock or valve shall Le fitted.

367. Scrowed and socketed Jointe.— Couplings or sockets may bo uscd on pipe
up to 4 in. internal diametcr with prossures up to 120 lbs. per square inch gaugo
and up to &5 in. diamcter with pressurcs up to 100 lbs, per square inch gauge. In
all other casos, flangos w.th bolts und nuts shall bo used.

368. Other fittings and Mountings.— (e} Valve choests of bronze for stop valvos
up to 3 1. diameter of boro juay be wttached directly to iron and steel steam pipes
when pressures do not excoed 120 lha. per 8q.in, gavge and temporature not exceed-
ing 425° F. Tho attachmont may be by direct screwing to the steam pipe or by
means of Hanges.

(b) Drain cocks and valves may be attucLed to stoum pipos either by fange and
bolts or be screwed into a boss formod on the pipe,

369. Reducing Valve.. Wlire u roducing valve is ingtallod in o pipe line, the
pipe line and accessorios on the low pressure side of the reducing valvo shall be
protected by u suitablo safety valve or valves so adjusted as to permit tho steam to
escape a8 soon us the safe workig prossurs is oxocoded or by a smitable appliance
for cutting off automatically the supply of steam as soon as the safe working pressure
18 exceeded,

870. Flexibility.—(a) Tho use of sliding expansion joints is prohibitcd. The
nooessary degree of floxibility shall be obtained by the use of special cxpansion joints,
or the pipes shall bo pre-stressed initially when cold by leaving gaps at appropriate

oints and pulling these up when erocting the piping. The amount of the cvld spring
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shall bo not less than 50'%, of the total cxpansion of the length under consideration
and may be groatoer than this in cases where it is necessary in order to koop within the
permissiblo stress value shown in tables 3 and 4.

(b) The allowanoce for expansion per 100 ft. of piping at various tomperaturcs
shall be baged on Table 5.

TABLE b
EXPANSION ALLOWANCE
Rango of temperalura Expangion
Degreas Fahronhoit Inches por 100 ft.
60-250 1-56
60-300 L-99
60-350 2-43
80-400 2+80
80-450 3-3b
60-600 3-83
80-650 4-31
G0-800 481
60-650 5-31
60-700 383
60-750 6-36
60-800 680
80-850 7 44
60-600 7-99

371. Pipe work supports.—All pipe work shall bo adoquately supported in order
to permit free movemont for expansion and eontraction, and the amount of such
movement shall bo proportionoed throughout the whole of any main by the provision
of anchors at suitable points. Where pipes may be subject to vertical movement,
spring supports designed to carry the load under all conditions shall be provided. It
is desirable that points of supports should, as far as practicable, be arranged adja-
cent to the pipo joints. Slingy wre in general preferable to roller supports, and
thess lattor should bo used only whore necessary.  All pipe supports should, as far as
practicable, be of mild stecl and pipe anchors cither of mild steel or oast steel.

872. Drainage.—(a) In the case of sleam mains, attention should bo paid to the
adequate provision of drainage points in the form of drain pookets. Drainage pointa
conneotod to steam traps, shall bo provided wherever water can vollect under work-
ing conditions, Hand drains shall be provided at all points at which water ocan
collest in uny portion of the steam main, by valve leakage or othor means, when
shut down, or when warming up prior to use,

(b) Where praoticable a suitable gradiont shall be provided in the pipe work
to cngure the passage of condensed wator in the direction of flow of steam towards
the drainago point.

(¢) It is recommonded thatb a by-pass should be fitted at each steam trap.

(@) Where the volume of water deposited is likely to be of serious proportions,
geparators should bo installed. Each separator shall be furnished with, a steam trap
which shall be connected to it by means of a three-way cock one ond of which is
connected to a manually operated drain.

378. Freedom from rust and other foreign matter.—All pipes, valves and
fittings shall be thoroughly cleaned as far us possible of rust and other foreign matter
boefore erection and pipe linos shall be blown through with steam or air before being
put into servioe.
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874. Test Pressures.—(z) Each complotad pipe and fitting shall be tested by
hydraulic pressure at the Manufacturer’s works to twice the maximum permisaible
working prosgure. Tt is inadvisablo Lo submit a completed steam pipe installation
to any hydraulic test.

(b) Piﬁes and fittings with flanges for steam pressures exceeding 100 lbs. per
8q. in. shall be tosted with blunk flanges bolted or clamped on. All other pipes, if

straight may be tested botween the hoads of an ordinary hydraulic pipe testing
mavhine.

(¢) Special arrangements ghall bo made, according to circumestancos, for testing
bends and other {ittings where not flanged.

CHAPTER IX

REGULATIONS FOR THE REGISTRATION AND INSPECTION OF BOILERS

376. *The procadure to be followed in connection with applications for the
rogistration of a boiler and with examinations of boilers under the Act  shall be regu-
lated in accordance with the provisions of this Chapter read with the relevant
Sections of the Act,

376. Preparation for Inspection._ﬁa) At every oxamination of a boilor for the
grant or renewal of a certificate, the boiler shull be empty and thoroughly clean in all
its parts, Hxocpt as provided for in sub-rogalation (f) all doors of manholes, hand-
holes and sightholes and cloaning plags and all caps in the headers and mud drums of
water-tube boilers, all fircbars, bearcrs, fiont plates, bridge plates, firebridges, brick
archee, oil fuel burners and mechanical stolrer fittings shall he 1emaoved. All valves
and cocks comprising the boiler mounting shall be opened up and taken apart and
the valves or cocks ground, when necesvary, beforo the Inspector’s vidit.

(b) Provisicn shall, if required by tho Inspector, be madoe for the removal of
lagging or brick-work or other concealing part and for the drilling of plates, and for
verifying the pressure gange and sulfety valve dimendjons und weights.

(¢) All smoke tubes, cxterior of water tubes, smoke boxes, and exlernal flues shall
be swept clean.

(d) Provision shall be made for the cffective disconneciion of all steamn and hot
water communication with any other hoilor under sleam as prescribed in Chaptor X
of these Rogulations, This shall he effocted eithor by the romoval of a length of
pipe from tho steam and foed piping or by the insortion of substantial blank flanges.
Where blank flanges aro employed, thoy shall be inscrted botween {he flange of the
chest and tho pipe attached to it.

(¢) No blank flange shall he inserted between s safoty valve chest wnd  the
hoiler,

(f) At alternative annual ingpections and subjoct to a minimum of three hottom
rows or all tubes subject to the first pass of heat boing opened »ip for inspe !ion,
the [nspector may at his discrction relax the preparation for inspection called for
under (a) above in favour of boilers having an evaporative capacity of 200,000 lbs.
per hour and over, and fed with wuter troated to the satisfaction of the Inspector.

377. Hydraulic test of boilers for registration.—Every boiler shall be hydrau-
lically tcsted in the presence of an Inspector or Inspecting Officer.

*Nore.—In aoccordence with sections 7 and 8 of the Act Inspectors are roquired to
measure and examine bojlers for registration, to examine boilers for renewal certificstes, 4o
determine subject to the approval of the Chief Inapector, the pressure ab which thoy may be
sllowed to work, to grant certiflcate therefor and generslly to convey to the ownera such
-orders ma the Chief Infpactor may issue.
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78. Preparation for hydraulic tests.—(a) The chests of all mountings rubjcct to
stenry pressuro shall be in place and shut tight or blank fanged.

(b) Tho safety valves should invariably he removed and the chest opening
blank flanged.

{¢) The attachment for the Tnspector’s pressure gauge and the nipple for con-
necting the Inspector’s test pump hiose shall be in order.

(d) All doors shall be promerly jointed and tightened up. The boiler shall ho
completelv fillad with water, cure being taken to allow all air to cseape and, if pos-
gible, 0 prcliminary test not execeding the warking pressure of the boiler shall be
taken before the Inspector’s visit, to test the tightness of the joints.

(¢) When a boiler is hydraulically tested for the first time, it shall be entirely
oleared of lagping or brickwork ; of, subsequent tests the lagging or brickwork, or
portions thereof, shall be removed if required by the Inspoctor.

378. Procedure of hydraulic tests.- (a) Subii ot 10 the provisions of sub-regula-
tion (e) of Regulation 381 cvery boiler shall be liydraulically tested in the presence
of an Inspeetor to not loss than twice the npproved working pressure, when such
working pressure docs not exceed 100 Ths. por square inch; when the approved work-
ing pressure i above 100 1bs. per square inch, the hydravlic tested pressure shall be
14 times the working pressure plus 50 Tbs. per square inch.

(b) The boiler shall satisfactorily withstand such pressure without appreciable
leakage or unduc deflection or distortion of its parts for at least ten consecutive
roinntos. If the test in nol satirfactory, the working pressure allowablo by caleula-
tion shall be suitably reduced, unless the owner desires Lo make such alterations as
will epable the hoiler to withatand satisfaclorily the hiydranlic test; in which case the
boiler shall again he examined, after tho alterations have heen made, the pressure
recalenlated, i nocessary, and the hoiler fested 1o the satisfurtion of the Inspector,

(e} *At the first hydraulic tost of & boiler prior to the issue of an original certi-
fleate deflection measurements shall be made bofore, during and after test of cach
furnace length, fire-hox and flat end or other platos.

(d) After the applicstion of the hydraulic test the Inspector shall carefully exa-
mine the hotler ingide and outside and sadisfy himself that it has satisfactorily with-
stood the tent.

(e) In any case in which tho safs working pressure to be allowed for a hoiler
cannct, owing to peculiar construction of any of its parts, he determined by ealou-
lation in the onlinary wav, the Inapoctor shall, under the direction of the Chief
Inspector, subject the Doiler 10 hydraulio test for the purpose of delermining the
fitness of such parts. The amount of the test pressure to be applied in such n casoe
shall not exceed the tost presse e preacribed for the Jeast working prossure found by
caleulation for other parts of the bmler or the intended working pressure, whichever
ig less.

(f) Should any pait of the hoiler show undue deflection or indication of perma-
nent sel during the progress of the test, the prossure shall be releascd immediately
such indications are observed. The working pregsure for the part shall be 40 per
eent. of the togt pressure applied when the point of permanent set was reached. This
procedur Shall anply 1o any boiler at any tost.

{9) Hvdraulic tests of hoilers at subsequent examinations shall, exeept when the
Inspector cxpresely requires otherwise, he made after the inspection. The test
pressure to be applied to heilrrs at «uch subsequent oxaminations shall be from one
and a quarter to one and a half times the working pressute of the boiler.

*Norr.~ These deflection mensurementr should be entored in the Memorandum of
Inspection Bool. bofore its submussion to the Chiel Inspector.
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(k) When the internal construction of size of a boiler does not permit of the
Inspector getting inside it or of examining closely all its parts, he shall see it tested
by hydraulic pressure to one and a half times the working pressure at each inspeo-
tion for the grant or renewal of a ceertificale.

(z) Water tube, locomotive type and all tubular boilers shall be hydraulically
tested at each inspection for the grunt or rencwal of u certifizate, unless such test is
waived under the orders of the Chief Inspector,

(§) The Inspector may, if he considers it necessary, apply a hydraulic test to
any boiler at any inspection.

(k) Except in the case of small, portable and vehicular hoilors which do not
require re-erection or building in brickwork, the hydraulic test of all boilers shall be
conduoted only after the erection of the boiler 7n situ and all boilers shall after re.
-eraction in a pogition different from that in which they were last cxumined be hy-
drawlically tested.

(1) A hydraulic test shall also be taken before granting an increased pressure
certificate and after repairing a boiler, unless the Chief Inspector authorizes the
Tnspector to waive such test.

(m) When carrying out hydraulio test, Inspectors shall use pressure gauges
supplied by the Chief Inspeoctor.

380. *8team tests.—(a) Every newly rogistored boiler and every other boiler
of which the working pressure has been altered shall, before the issue of an original
or renewal certificate for such boiler, be tested under steam to the satisfaction of
the Inspector.

(b) At the time of test the safety valves shall be left free and capable of being
adjusted to the approved working pressure.

(¢) After adjustment of the valves to the correct blowing pressurc the boiler
shall be tried under full steam and firing with the feed water shut off and the stop
valve closed, during which time the Inspector shall note the accumulation of pres-
sure and other details of the test as well as the loading and adjustment of the
pafety valves.

In the case of water tube boilers, or boilers fitted with superheaters, the feed
water connection and stop valve need not be shut off, and if the total safety valve
ares and lift are found to be adequate, the requirements of this clause may be
assumed to have been satisfied if the valves are so adjusted that each blows at the
approved pressure.

(@) On completion of the safety valve test the Inspoctor shall satisfy himsolf
that the water gauges are in working order and that the feed apparatus is capable
of supplying the boiler with sufficient water,

() Where the State Government does not require a person-in-charge of a
boiler to hold a certificate of competency, the Inspector may when he thinks fit
satisfy himself by questioning or by practical test whether the person-in.charge of
the boiler understands the use and purpose of the water gauges, the pressure gauge,
the safety valves, the feed water-supply and blowdown.

*Nora.—-A steam test is primarily intended for the purpose of ascertaining by actual
test whether the safoty valves are suficient to relieve the boiler effectivoly of oxceas steam and
whether they operate at the time when the maximum working pressure is rearhed. Inspectors
should always send to the owner due notice of the date fixed for the ateam teast,

On completion of the test the Inspector ahould enter all details in the Memorandum of
Tnapection Boolk,
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(f) When witnessing safety valve tests, Inspectors shall use the standard pres-
sure gauges supplied by the Chief Inspector unless the boiler pressure gauge has,
since the time of inspection been tested and found correct with an authorized testing
machine,

(y) No steam gauge shall be used without w syphon filled with water belween
it and the boiler,

(A} When the accumulation of pressure at a steam test exceeds ten per cent, of
the maximum working pressure, the area of the safety valves shall be considered
insufficient, and a certificate shall be refused until the safety valve area is inoreas-
ed,

(3) An Inspector may, when visiting & factory for any purpose, verify the eor-
rectness of the safety valves and pressure gauge of any boiler under steam by com-
parison with his standard pressure gauge.

381. Procedure for registration.-—(a) On roceipt of an application for rogistration
under section 7(1) of the Act, the Inspeotor shall, when the boiler has been properly
prepared for examination, proceed to measure in complete detail all its parts, ascer-
tain the working pressure allowed by the Regulations by making a series of caleula-
tions of the strongth of the various parts, such oaloulations being based on his mea-
surement and if he is satisfied with the correctness of the maker’s certificate, on the
dimensions and other particulars relating to the material and construction as stated
therein [vide Section 14(1) (c) of the Act and Regulation 4]. In making his caloula-
tions he shall after examination of the material, take due aceount of the workman-
ship and details of the construction of each part. In his examination the Inspector
may, if he deems necessary, bore the plates or other parta to ascertain their thickness
and in mak'ng hig calculations he shall be guided by the requirements of Chapters
IV and V of these Regulations.

(b) If no formulae or co-efficient applicable to any part is contained in Chapter
IV or V of the Regulations, the Chief Inspector shall in his disoretion determine the
ditness of such part.

(¢) The strength of the weakest part so calculated or determined, subject to
any discretionary power exercised by the Chief Inspector, shall determine the per-
migsible working pressure of the boiler. After inspecting the boiler and ascertaining
by the prescribed calenlations the maximum pressure at which the boiler may be
worked, the Inspsctor shall hydraulically test and steam-test it in accordance with
requiremonts of Regulations 379 and 380 and may issue a provisional order under
8Bection 9 of the Act in Form V.

(d) The Inspector shall enter the above particulars and dimensions of the hoiler
and calculations of strength of the vavious parts, together with details of the hy-
draulio and of the steam tests, in a '‘Memorandum of Inspeoction” Book (vide Re-
gulation 388) which, together with all the maker’s papers for the boiler, shall be
submitted to the Chiof Inspector with the Inspector’s report under sub-gection (3) of
Section 7 of the Act in Form I,

(¢) Where a certifioate in Form II and a memorandum of inspeotion book in
Form I are furnished by an Inspeoting Authority in accordance with sub-regulation
(o) of Regulation 4, the Inspector shall, on receipt of an application for rogistration
under Section 7 (1) of tho Act, proceed to make such examination and measurement
of the boiler as will satis{ly him that the boiler is the one certified by the Inspecting
Authority and that it hag sustained no damage in transit for which purpose he
m&ti' if he considers it necessary, subject the boiler to hydraulic test in acoordance
with Regulation 379,

The Inspector shall, if he is satisfied with the condition of the boiler, sceept the
parbienlars and approved working pressure emtersd in Form T by the= Inspeoting
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Authority as if they had been agcertuined and entered by himself and shall issue a
provisional order to enable the boiler to be worked,

He shall make such entries in respect of his examination of the boiler in the
Memorandum of Inspection Book as may be required and shall submit the book and
Inspecting Authority’s certificate and drawing of the boiler with his report to the
Chief Inspector as prescribed under sub-regulaticn (d).

382, *Engraving of registry number.—(a) The registry number of every boiler
shall, within a period of one month after the registration thereof, be cut in the front
plate thereof in such position as shall he pointed out by the Inspector, The device
for each state shall be distinguished by the following letters :—

Ajmner

Angam

Bhopal

Bihar

Bilaspur

Bombay

Coorg

Dolhi . .

Himachal Pradesh

Kutch . .

Madhya Pradesh.

Madras . .

Manipur . . . . . . . .
Origan .

Punjab (Indis)

Tripuriy

Uttor Pradesh

Vindhya Pradesh . . . . . .
Wost Bengal . . . . . . . W.B.L.

MEZ o
MR T

AETOREERIONETIEp

eREN b Hge

=
o

The distinguishing lotters shall be engraved above a number and separated there-
from by a horivontal line two and u half inches in length. The letters and figures
shall be one inch in height and of suitable breadth, provided that in the case of small
boilers the lettery und fizures of the dovies may, in the discretion of the Chief Tnspec-
tor, be reduced to 3/8” in height. The wholo shall be enclosed in a rectan_le, the
upper and lower sides of which shall he th-ee inches apart and one quarter inch clear
of tha top of the letters and the botbon of the figures respectively as indicated

below :(—

B.Y.

1234

The side lines shall heat cqual distance clear from the figurces,  The engraving slu!!
not be less than 1/64th inch in depth.

(6) Tho engravirg shall be complete and ready for verification within thirty
days of the fio~t inspeetion of the hoiler.

(¢) Boilers having registry deviees differing from those proscribed hercin shall
have such devices obliteruted, wltered or cut ancw in conformity with those pres-
cribed above. Tho original numbery of such boilers shall be reteined in the new
dovice. A number once allotted to w boiler shull not be used again for anoiher

boiler.

*Nore.—Engreaving shps lor tracing the devices in the boilor will be suppliod by the Chinf
n spoctor ; the ship sliould he pasted on tho part of the boiler pointod out by the Ingpector.
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883. Measurement of heating surtace.—(a) ¥or the purpose of regulating the
area of the safety valves and the amount of registration and inspection fees the
* heating surface ’” of a boiler shall be the total surface of all plates and tubes exposed
1o heat on onc side and in contact with water on the other mensured on the water
gide or the fire side, whichever is largor.

(&) For Lancashire and Cornish hoilers the total heating surface shall include
the wetted surfaco of the furnaces between the end plates, the fire surface of cross
tubes where fitted, and the part of the external shell below the side flue covers. In
estimating the areas furnaces shall ho considered ws plain oylinders ; the area of their
wetted surface shall be taken as their meun external ciroumference X the length
of the boiler betweoen end plates. For the shell the width of that purt of the circum-
forence helow the flue covors ghall be taken as =2 D, and this width X the length
betwoen end plates shall bo taken s the area of shell heating surface. The part of
th> surface of the back-cnd plate exposed to heat shall be omitted from the cal-
culation.

Fxample.—~The formuls for tho totsl beating surface of & Lancashire boiler
having plain furnaces without cross tubes is as follows :—

H.S. in square feet =2L (3-1444+D). L is the length of the boiler hetween
end plates in feet, d is the mean externsl diamecter of the {urnaces in feet
and D is the internal diameter of the largest belt of shell in feet,

(¢) For stoam and water drums of wuler tube boilers the hesting surfaco of the
drum shull bo taken as half the extornal mean circumference multiplied by the clear
length of drum hetween the outer brick walls or centres of orogs boxes, as the case
may be. The heating surfacc of the tubes shall be taken as tho externul surface of
the tubes betwesn the tube plates or headers. The heating surfuce of the headers
shall bhe omitted from the calculation. I[ntegral cconomisers whall be deemed as
component heating surface,

(d) For marine boilers of the fire-tube type the heating surface shall include the
wetted surfaco of the furnaces between the tube plates (considered in the same
way as for Lancashire boilers), the Wotted surfaco of the combustion chambers (loss
the arca of the tube holes) and the wetted surface of the tubes between tube plates.
The parts of the front tube plate cxposed to hrat shall be omitted from the calcula-
tion.

(e) For locomotive type boilers the hesting sarface shall include the wetted
gurface of the fire-box ahove the foundation ring (less the arew of the tube holes and
the fire-hole and ring) and tho wetted surface of the tubes between tube plates.
The smoke box tube plate shall be omittod from the calculation.

(f) For vertical boilers of ordinary type tho heating surtace shall include the
weotted surface of the fire-hox above the foundation ring (less the avea of fire-hole
sand ring and tube holes, if any) and the surluco of any cross or other tubes and
uptake below the lowest water level shown in the gauge plass.

(g) For any other heatingjsurface not provided for in the foregoing instru, tions
the same genoral procodure shall be observed.

(h) No deduction shall be made for stays, ete., in caleulating the heating sur-
face.

384. Boiler rating.—The hoiler rating shall be the number of square feet (to
the naurest whole fizure) in the heating surface of tho boiler as determined under
Regulation 383,

385. Registration fee.—The fee requirod to accompany an) application under
sub-soclion (1) of section 7 of the Act shall bevea

Re.

For Boilor Rating not exceeding 100 . . . . . . 40
For Boiler Ratling excanding 100 but not excecding 300 . . . 50



M
#

Rs.

For Boilor Rating oxcoedmg 300 but not execooding 500 . . . 60
For Boiler Rating exceeding 500 hut not exceeding 700 . . . 70
Yor Boilor Ratmg exceeding 700 but not exceeding 000 . . . 80
For Boiler Rating exceechng 900 but not oxceeeding 1,100 . . . 00
For Boler Ruting oxceadmg 1,100 but not oxceothing 2,000 R , 100
For Boilar Rating execoding 2,000 but not exeosding 4,000 . . 120
For Buoler Rating excooding 4,000 but not exceoding 6,000 . . 140
For Boder Ratmg exceoding 6,000 but nol excoeding 8,000 . . 160
For Bodor Rating exceading 8,000 but not excoodmg 10,000 . . 150
For Boiler Rating exceeding 10,000 . . . . 200

Provided that the Chief Inspector may direet that no fees shall be payable in respect
of a fresh application made in pursuance of sub-section (2) of Section 14 of the Act.

386. *Memorandum of Ingpectlon Book.-—(z) A Memorandum of Inspection
Book shall be piepared for cach boiler in Form 1. In this hook the Inspector shall
enter in ink all partioulars and dimensions of {he beiler with the caleulations for the
various parts in detail, particulars of hydraulie test and steam tost and his inspection
notes.

(5) At subsequent inspections Imspectors shall enter the dates of the inspeo-
tions, hydraulio tests and steam tests, whon guch are made with their notes there-
on.

{¢) Tnapectors should also enter in the Memorandum of Inspection Book the
general condition of the boiler and of repairs, to whai extent boilers have been
cleared of brick work, ote., o report of all casual visits, visits for inspection of repairs,
for inspection of main steam pipes, and reports on accidonts, etc., in this way
the Memorandum of Inspoetion Book will provide a useful 1ecord of the boiler’s
higtory for the information and guidance of Inspectors at subsequert inspec-
tions.

(d) On submission of the Mcmorandum Book to the Chief Tnspector ho will
in the case of newly registered hoilers, check al particulars and caleulations and
approve of tho working pressure that is to be permitted. In the cage of old hoilers,
the Chief Inspector will examine the Inspector’s notes of inspection and proposals
madoe for repairs ot reduction of pressure. A pressurc once approved for the boiler
should not be altered without the written authority of the Chief Inspector.

387. Registration Book.—(a) A Rogistration Book or copy of Memorandum of
Inspection Book containing all the particulars required for rogistration shall be
maintained in the offico of the Chief Inepecior in Form I and any orders passed by
him regarding the boiler shall be entered in the Kegistralion Book under his initials.

(6) The Chief Inspector should also sco that the notes of subsequent inspections

entered in the Momorandum of Inspection Book are copied in the Registration
Book.

388. Transfer of Memorandum of Inspection Ecck and Registraticn Beck.—
On s boiler passing from one State to another, the Mcmorandum of Ins-
peetion Book and the Registration Book shall, on the request of the Chief Inspector
of the 8tate to which the boiler has been transferred, be forwarded to that officer
who shall take over their cuslody and maintain them as hereinhefore pre-
goribed.

389. tQrant of certificate.—(a) A certificate for the use of a boiler shull be
anted in Form VI, In the certificate shall be entered the maximum pressure at
which the boiler shall be worked, the load to be placed on the safety valves or the

* NoTm.—Tho Memorsndum of Tnspeetion Book should alwaye be Lept clean and up to
duote. In-pection Books, exeept when netually required by the Tnypector, should be filed in the
oftice of the ('tuef Inkpoctor,

t+ Norn —The Inspeotor’s remark should be aus hrief a3 possible.
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thickness of washers or ferrules required as safeguard against overloading, the date
and pressure of the last hydraulic tost of the boiler and, when applicable, of {he main
steam pipes predcribed.

390. Procedure for inspection of installed boilers.—(a) Gencral Instructions.——
It is essential Lo have every part of a boiler, that is accessible, open and
properly prepared for examination, internally and externally, All hoilers have
openings through which an examination may be made and which for operation are
c}osod ; all such parts shall be opened whether for access to wator sw faces, or heater
surfaces,  Tn cooling n boiler down for ingpection or repusirg, the waler should not
be withdrawn until the setting is sufficiently cooled to avoid damnge to the
boiler and when possible allowed to cool down naturally. It is not necessary, in
order to comply wilh ordinary prudence, to romove insulation material, musonry,
or fixed parts of the boiler, unless defeets or deterioration peculiar (o certain types
or inaceessible parts of boilers are suspeeted and where there 19 moisture or yapour
showing through the covering, the coveting should be removed at onee and a com-
plete investigution made. Particular attention should Dbe paid io the externat
arts of boilers in the way of seating blocks, cspecially when the situnticn is damp.
Su.d(]_lo tunlks and engiue fittings of locomotive {ype boilers should be removed to
facilitato the inspection of the puris undernecath wt the first inspection, und at any
reasonable period afterwards if the Inspector cannot otherwise satisfy himself ag
to tho condition of those parts.  Water walls, shall be bared at least onee in every
24 months.  Upon sufficient visible evidence or suspicion due to age or other causces,
every effort shall he made Lo discover the true condition, even {o the removal of
insulaling material, masonry or fixed parts of & boiler,  Sometimes drilling or cutting
awny of parts is justifiable and necessary to positively determine this condition.

The Inspector should, whencver the size permits, go inside it and make a
thorouch inspection of all 1ty internal parts. Before doing s0, he shoull of course,
satisfy himself thul proper provision has heen made for disconnccting 1the boler from
any other boiler under steam. Should he find that proper provision for disconnection
hay not been made or that the boiler has not been properly cle ned or sealed, or
thit iy unronsonably hot, he should decline to proceed with the ingpectim and
should report the facts to the Chief Inspector for orders.  When a bhoiler in of such
u size or ily construction is such that the Inspector cannot go inside it, there should
be sufficient sightholes or handholes provided to ensble him to see the prineipal
imternal parts 5 if any important part of a boiler is so constructed that the Inspector
caunot examine it, he should report the facts 4o the Chief Inspector for L)I'L{a['ﬂ.

(b) Beale, Oil, ete.—Upon cnbering a boiler, the Inspector shall examine all
surfaces ol the exposed metal to observe the action saused by the use of waler, oil
scale solvents, or other substances which may have intentionally or unintention-
ally gone in with the feedwater Any evidence of 0il is dangerous und immediate steps
shall he taken to prevent any further entrance of vil into the hoilor.  Qil or scale in
the tubes of water-tube boilers or on plates over the fire of any boiler is particularly
bad, often causing them to rupture.

(c) Corrosion, Grooving.~——A given amount of corrosion along or immediately
adjacent to a seam is more serious than a similar amount of corrosion in the solid
plate away from the seams. Grooving along longitudinal seams is especially sig-
nificant as grooving or cracks ure likely to occur when the matorial is highly strossed,
Bevere corrogion is likely to occur at points where the circulation of the water i
poor and such places should be examined most carefully for evidences of corrosive
aotion,

If the Inspector decides that a boiler in one or more of its parts is no longer fit
for the pressure approved for it, he must without delay report his proposal for re-
ducing the pressurc to the Chiof Inspector and at the same time submit his calcula-
tion for the wasted parts for eheck and approval of pressure.
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With regard to the pitting and wasting of shell plates; tho Inspector should
bear in mind that shell plates may become reduced in thickness to an appreciable
extent and still be stronger than longitudinal seams.

All flanging shall be thoroughly inspected and particularly the flanges of cir-
oular end plates that are not astayed. Internal grooving in the fillet of such heads
and external grooving in the outer surfuces of heads concave to pressure is very
common since there is slight movement in the heads of this character which produces
this kind of defect, Some types of boilers have whatis known as the OG or reversed
flange construction in some of their parts that may be inaccessible to the eye, hut
the condition shall be determined by the insertion of a mirror which at & proper
angle will refleet back to the eye the condition of such a place, or any other feasible
dMNanner.,

(d) Btays.—All stays, whether disgonal or through, shall be examined to note
that they are in cven tension. All fustened ends shall be examined to note whether
cracks exist where the stays are punched or drilled for rivets or holts and, if not
found in proper tension, the inspector should recommend their proper adjnst-
ment, i

(e) Mavholes and other Openings.—The manhole and other reinforei

lates, as well as nozzles or other connections flanged or serewed into a boiler, sh];]ﬁ
Ee examined internally as well as externally to see that they are not eracked or de-
formed, and wherover posgible ohservation shall be made from the ingide of the
boiler us 1o the thorougﬁnoaa with which its pipe connections sre made to the boiler.
All openings to external attachments, such as water column connections, open-
ings in dry pipes and openings to safety valves, shall be noted to see that they are
free from obstructions,

(f) Fire Surfaces—Bulging, Blistering, Leaks.—Particular attention shall
be given to the plate or tube surfaces exposed to the fire. The Inspector shall
observe whether any part of the boiler has become deformed during operation by
bulging or blistering ; the former is a distortion of the entire thickness of the plate
or tube where it takes place, while the latter is a lamination or separation of the
plate due to foreign material being emhedded in the ingot before the plate ie rolled.
Tf bulges or blisters are of such size as would seriously weaken the plate or tube, and
especially when a loakage is noted coming from those defeets, the boiler shall be dis-
continued from service until the defective part or parta have received proper re-

airs. Cureful obgervation shall be made to detect leakage from any portion of the
goiler structures, particularly jn the vicinity of scams and tube cnds, Fire tubes
gometimes blister but rarely collapse ; the Inspector ghould Jook through the tubes
for auch defects and if they are found with a sufficient degree of distortion they

should be removed.

(¢) Lap Joints, Fire Cracks.—Lap-joint boilers are apt to crack where the
plates lap in the longitudinal or straight seam ; if thero is any evidence of loakuge or
other distress at this point, it shall be thoroughly invostigated and, if necessary rivets
removed or the plate slotied in order to determine whether cracks exist in the scam.
Any cracks noted in shell plates are usually dangerous cxcept fire cracks that run
from the odge of the plate into the rivet hols of girth seams. A limited number
of such fire cracks is not usually a very serious matter.

(h) Testing Staybolts.-—The Inspector shall test staybolts by tapping one
end of each bolt with a hammer and when practicable a hammer or other heavy tool
should be held on the opposito end to muke the test more effective.

(1) Tubas—Thair Dafects ete.—(i) Tubes in horizontal fire-tube boilers de-
teriorate more rapidly at the ends forward the fire, and they should be carefully
tag ped with alicht haromer on their outer surface t0 ascertain whether there has been
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serious reduction in thickness. The tubes of vertical tubular boilers are more
suaceptible to deterioration at the upper ends when exposed to the produets of
combustion without water protection. They should be reached as far as possible
eithor through tho handheles, if any, or inspected at the ends.

(29) The surfaces should be carefully examined to detect bulges or oracks, or
any evidences of defective welds. Where thero is a strong draft the tubes may bo-
come thinned by corrosion produced by the impingement of particles of fuel and
ash, or the improper use of soot blowers. A leak from a tube frequently causes
serious corrosive action on a number of tubes in its immediute viciniry.

(/1) Whoere short tubes ot nipples ure emploved in joining drums or headers,
thero is a tondeney for waste products of the furnaco to lodge in the junction points
and such deposits are likely to cnuse corrosion if moisture is presont. All such
places should be thoroughly cleaned and examined.

(j) Ligaments bctween tube holos.—The ligamonts between tube holes in the
heads of all types of fire-tube boilers and in shells of water-iube hoilers should be
examined. If leakage is noted, it may denote a broken liganment.

(k) Steam Pookets.—Steam pockets on firo surfaces are sometimes found in
new or replacement work, and wherever this is possible or likely the Inspector should
make observation and, if any ure found, recommend the neccssary changes,

(1) Pipe connections and Fittings.—The stcam and wuater pipes, including con-
nections to the water column, fhall be oxamined for leaks, and if any are found it
should he determined whether they are the result of execcssive straing due to ex-
pansion and contraction, or other causes. The general arrangement of the piping
m regard to the provisions for expansion and drainage, as well as adequate support
at the proper poiuts, shall bo carefully noted. The location of the various stop
vulvos shall be observed to sce that water will not ho pocketed when the valves are
closed and thereby establish cause for waler-hammor action.

Thoe arrangement of connections between individual boilers and the main steam
pipes shall be especially notod to see that any chango of position of the boiler, due to
setting or other causes, will not produce an undue strain on the piping.

It shall be ascertained whether all pipe connections to the boiler possess tho
proper strength in their fastenings, whether tapped into the hoiler, a fitting, or
flange riveted to the boiler,

The Inspector shall determine whether there is proper provigion for the ex-
paunsion and contraction of such piping, and that there is no undue vibration tending
to orystallize the parts subjected to it. This includes all steam and water pipe ;
and especial attention should be given to the blowoff pipes with their connections
and fittings, hecause the expansion and contraction due to rapid chunges in tem-
perature and water-hammer action create a greal strain upon the entire blowoff’
system, which is more pronounced when a number of blowoff pipes are joined in one
common discharge. The freedom of the blowoff connection on each boiler shall be
tested whenever possible by opening the valve for a few seconds, at which time it
can be determined whether there is exccasive vibration. Blowoff pipes should be
free from external dampness to provent corrosion.

(m) Water column.—The piping to the wator columnfshall be earefully noted to
gee that thore is no chances of water being pocketed in the piping forming the steam
connection to the water column. The steam pipe should preferably drain towards
the water column. The watcr-pipe connection to the water column wust drain

toward the boiler.

The relative position of the water column to the fire surfaces of the hoiler shall
be obzerved to determine whether the column is placed in accordance with thes
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regulations. The attachments shall be examined to determine their operating
condition.

(n) Bafling—Water-Tub2 Bollers.—In wuter-tube boilers, it should be noted,
a8 far as possible, whether or not the proper baffling is in place. In many types of
boilers tho absence of baffling often eauscs high temperatures on portiong of the boiler
structure which are not intended to be exposed to such temperatures, from which a
dangerous condition may result. The location of combustion arches with respect to
tube surfaccs shall be carefully noted. These are sometimes arranged so as to cause
the flame to impinge on a particular part of & boiler and produces overhealing of
the materinl and conscquent danger of the rupture of the part.

(o) Localization of Heat.—Looalization of heat brought about by improper or
defective burner or stoker installation or operstion creating a blowpipe effect
upon the boiler, shall be condemned.

(p) Suspended Boilers—Freedom of Expansion.—Whore boilers are suspended
the supports and setting shall be carctully exarnined espeeially at points where the
boiler structure comes near the selting walls or floor. Ofton accumulation of
ash and soot will bind the boiler strueture at such points and produce cxcessive
straing on the strueture owing to the cxpansion of the parts under operating condi-
tions,

() Satety Valves.—As the safety valvos arc the most important attachmenta
on the boiler, thev ghall be inspocted with the utmost caution. There should be no
accumulations of rust, scale, or other foreign subsiances locuted in the casings so as
to interfere with the frec operation of the valves. The setting and freedom of the
gafely valves should be tested preferably by raising the steam pressure to the blow-
ing-off point, ot if this cannot be done, the valves shall he tested by means of the try
levers to asecrtain if thoy are free. Where the stenmn discharged fromn o sufoty
valve is led through & pipe the [napector shall determine ut the time the vulve is
operating whether o1 not the drain opeuning in the discharge pipe is free and in
accordance with the Regulations.

If the [nspector deems il necessary, in ordor to determine the freedom of dis-
charge from a sufety valve, the discharge connections should be removed, Under
no cirenmstances should a stop valve he permitted botween a boiler and its safety
valve,

(r) Steam Gauges.—The steam gauges on all boilers shall be romoved and the
Inspector shall test them and compare their readings with » stundard test gauge.
The readings of the steam gauges shall be observed and compared when making
an inspection witl steam on the boiler, where several boilers are in service con-
nected to a common steam main. Tho location of the steam gauges shall be noted
to ses whether or not it is exposed to high temperaturo cither externally, ag would be
the onse if placed close to the smoke flue or other highly heated part of the boiler
«or setting, or oxposed to heat internally due to lack of protection of the gauge spring
with a proper syphon or trap to prevent sloam from coming in contact with the
spring. The [nspector shall see that provisions are made for blowing out the pipe
leading to the steam gauge,

301. Cilculation of Wasted Shell.—(e¢) When any part is wasted and t{he
Tnspootor iy doubtful of its fitnes for the pressure, he shall cause one or mors smal)
holes to be borod and from them ascertain the average thickness of the parts from
which he can satisfy himself by valculation in accordence with the formula applicable
to the part. Such gaugings and culoulations he shall onter in the Memorandum of
Inapeoton Book.
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(I) In making caloulations for a wasted part of a hoiler shell, e.g.) along the line
of seatimg blocks of a Lancashire boiler, the Inspector shall use the following for-

mula:—
26" S
WP = ——...... N B Eqn. (986)

t'-=thickness of wasted plate, where thinnest.

S=mjnimum tensile strength of material of shell in lbs. por uq. in.
D=internal diameter of shell in inohes.

F=factor of safety, which shall not be less than 4.

892. Repairs to Boilers.—{a) Extonsive reapairs such as, fusion welded er
riveted patches to sholls, fire boxes and ond platey of hoilers and exteunsive building
up of wasted parts of boiers }wrmii tod under these Regulations, the renewal of
furnaens and end plates, parts of shell, fire boxey, girdors otc., shall only bo ontrusted
10 a Repairer who can satisfy the Clicf Inspector regarding the quality of welding and
other repair done by his Organisation.

Welding

(8) The Repairer shall satisfy the Chief Inspector,—

(i) that the eloctrie are or oxy-noetylens wolding seta and all other tools and

plant in his possossion for carrying out repairs are suitable for the work
under tuken,

(it) that the qualily of material used conforms to the specification that are
prescribed,

{i17) that the suporvisory and operational staff employed by him possess
the necessary training aud experionce for tho work underlaken,

(ie) wll wolding Oporators employoed by the Reparer shall e roquired to pass
the tests in regard to vertical, horizontal, overhoad und fillot welding
preacribed by the Chist Tuspeotor,

(v) standard of work should be of high order and comply with all the require-
ments and tost that may ho prescribed by the Clacf Inspector

Riveting and other repairs
(¢) The Repairer shall sutisfy the Chief Inspector,—-

(i) that he possosses the nocessary equipment and tools and engagos trained
and oxpericnced workmen and staff for the work under{aken.

(1) standard of work should be of a high order and eomply with all the vegumre-
ments and test that may be preserihed by the Chiof Tnxpootor, and all
material used shull be of boiler quality.

Minor repairs.

{d) Notwithstandiug anything contained in (a) above, minor ropairs ag dotermin-
ad ot the discretion of the Chief Inspector may be entrusted Lo any Repairer.

(e) The repairs should be su(})erviﬂed, 8o fur u4 hig other dutics permit by the
Inspector when the fibrohoxes und smoke tubes of locomotive tubo hoilors are with-
drawn, the opportunity should be taken to inspoet the internal parts which are other-
wise inaceessible {0 close inspection.

(f) Repairs to boiler shells shall be effooted cither by patching or by removing
a strip of worn or damaged plato and inserting the new strip with covering straps over
the longitudinal butt ends, the strength of the reveted jointe to be not less than that
of the longitudinal joints of the shell
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(g) Patohes for fire-exposcd plates shall be fitted metal to metal without joint
of any description. The affectod part shall be cut out, leaving tho corners of the
holo well-roundod. Patches shall be secured, wherever possible, by properly S}i)aoed
rivets with a width of plate at least equal to the diameter of rivet botween tho edge of
the rivet hole and tho edge of the plate. Whore riveting is impracticable, the plate
shall ha socured by well fitting countersunk headed serew pins,

(k) The thickness of & patch plate shall not be less than the original {hickness
of the plate which it is used to pateh,

(¢) Bulged or distorted furnaces of cireular section may, if the bulgo or distor-
tion is not too yreat, be pressed back to shape.

(7) Circular furnaces of horizontal boilers that have beoome disturted, may be
suitably reinforced.

(k) Anti-collapse rings shall be of substantial section either of single or double
anglos bolted back to back with screw stays not less than 7/8th inch in diameter
and about 7 inoles in pitch passed through flat of angle and screwed into the Furnace,
the ends being cither rounded or riveted over on the fire eido and fitted with nuts
at the other. Tho stay bolts whall e fitted with ferrules not less than 1 moh, in
depth botweon furnace and angle ring.

(&) Welding shall not be accepted for the repair of any part of a boiler for which
welding is forbidden for a now boiler undor these regulations, Boiler shells shall
not be repaired by wolding beyond the filling up of a small 1solated corroded or pitted
part or the makmg up of wasted edgos of oponings.

(m) Cracks or grooving in dishod or flat ond plates of cylindrical shells or in the
bends of furnace flanges in a oircumforential direction may be veed out and welded.

Buttwelding of $moke tubes.—Smoke tubes may t.e butt welded either by fusion
welding, flash welding or oxy-acetelyne welding, and theso should be tested hydrauli-
oslly at the discrotion of the Chief Inspector.

(n) Wasted parts of circular furnaces and fire-boxes and fire expored flat plates
a8 in rectangular fire-hoxes and « ombustion chambers may be cut out and be roplaced
by new pieces welded 1n or they may he built up by welding. Longitudinal cracks
in oirecular furnaces and fire-hoxer and cracks in rectangular fire-hoxes and combus-
tion chambecrs may be welded.

(0) No stay shall ho welded.

(p) Forthe purposos of theso regulations renewed parts shall be deemed to be
parts of a now boiler intendoed for use at the pressure at which the hoiler under re-
newal 15 used,

393. Submiesion of plans of botlers.—(z) In the oase of land boilers made in
India or outside [ndia for use m the States the Chief Inspector may, on receipt of a
Treasury acknowledgment of the prescribed fee, receive for examination in advance
the plans and particulars of materials, design and construction of boilers no as to
avoid quesiions arising at the examination of the finiehed boilers.

() The fee required undor asub-regulation (a) shall be half the fee which would
be required to uccompany an appheation for the registration of the boiler (vide
Regulation 385).

{¢) The Chief Inspector shall, after examination of the plans and particulars
intimate to the proposors whether he is satisfied with the design and fitness of the
arts for the intonded prossure and, if not, what modification is necessary thoerein.
hen plans and particulars of boilers have boen approved, the Inspector in makin,
his examination shall soe that the designs as approved have been carefully followe

out and that tho material corresponds with the approved particulars.
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(d) The above procedure shall be followed in the case of extensive repairs or
alterations 1o boilers, but no fee shall be loviahle for the examination of such plans
and particulars.

STEAM PIPES

394. Inspections of steam pipes.—(a) Steam pipes shall bo inspeoted and by hydrauli-
cally tested before erection in place, the test pressuro to be that proscribod in the
Standard Conditions for stoam pipes. A oortificate from an Tnspecting Authority
or u rocognisod maker stating that this has been done may be accepted. TIf the
Inspoctor is stisfied with the tost, the pipes may be orected in position , at the steam
test of the boiler ho shall examine them uuder steam pressure. No separate certi-
ficale for the stoam pipes shall be 1ssued, nor shall a separate foo be charged for their
inspection.

(b) At subsequent inspootions of the boiler or at any other time, the Inspector
may make an extornal inspection of the steam pipes and for this purpose may require
a part of the lagging at the flanges to be removed, and the pipe mado bare. If as
a result of this inspection the Inspector is of opinion that the pipes or any portions
of thom are in an unsatisfactory condition he shall report the matter to the Chief
Tnspoctor, who may require the whole of the lagking to bo removed and may require
any pipo or pipes to be hydraulically tosted. The test prossure at such hydraulio
test shall be not less than twice the working pressuro of the boiler.

(¢) The date and hydraulic pressure to which steam pipes were subjected shall
be cntered in the cortifioate for the boilor and such, entries shall be ¢ontinued from time
to time in the renewal cerlificates for the boiler.

395. Submission of plans of steam pipes.—Plans of steam pipes shallbe submitted
to the Chief Inspector before construction or at tho time of registration of the boiler
for his deoision whether the pipesand their arrangement comply with the regula-
tione,

CHAPTER X
SAFETY OF PERSONS INSIDE BOILERS

396. Safely of persons working ingide hoilers.— (a) No person shall be compel-
led or allowed, by the owner or person in charge, to go inside a steam hoiler for any
purpose whatsover unless thoe boiler is effectively disconnected in the manner hero-
inafter prescribed from any steam or hot water communication with any other builer.

(b) Effective dirconnection shall he mude cither by the removal of tho boiler
stop valve or of a length of piping from a)l steam and hot water connections with
any other boiler, vessel or pipe contuining steam or hot water or by tho insertion of
substantial blank flanges between the boiler stop valves and piping. The shutting
of a stop valve, stop cock or antomatio isolating valvo alone shall not he deemed to.
constilute compliance with this regulation.

(¢) The owner of a boilor to which this regulation is applicable shall obtain the
approval of the Chief Inspector in writing to the method of disconnection which he
Froposeﬂ to use and shall be responsible for ensuring that the methed so approved is

ollowed in practice.

CHAPTER XI
STANCAED CCNXLITICRS ICR TEE DESIGN AXD (CKETEUCTICN OF
ECONCMISERS AXD FEED PIFES.
ECONOMISERS

500.—(a) An economiser shall not be registerod under sub-section (4) of section
T of tho Act and a eertificate shall not be issued under sub-section (5) of that section.
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with reference to an economiser, unless the standard conditions in rospect of
materinl, dosign and construction, which aro specified in this Chapter aro satidfied in
respeot of such economiser. Where the oconomiser heating surface is dosigned to
poermit the generation of steam und there are no valves interposed betwoen this heating
surface and the boilor drum, then the evonomiser shall be designed in acoordance
with Chapters I to VIII of the Regulations where these apply:

Provided that an eoonomisor in use at the time Chapter X1 of these Regulations
came into foroo, may be so registered and such Certificate may be issued in respect

thereof notwithstanding that such standard conditions are not satipficd in respect
of such oconomigor,

(6) Notwithstanding anything contained in sub-regulation () the Chief Ins-
pector may, subjevt to tho provisions of Regulation 502, register un cconomiser
and order the issue of » certificute authorising tho use thoreof, although the standard
conditions are not {ully satisfiod in respect of such economiser.

GENERAL REQUIREMENTS

501.—(a) All cast iron and stec] headers and  the parts used in the assembly of
an economiser shall couform with the requiroments of this Chupter in respect of
materiul spe ification and test, workmanship and struetural requizemonts,

(b) All sconomisers under constroction shall be under the supervision of an
Inspeoling Authority and must ho so certified by that Authority.

{(¢) Tor evonovusors imported into the States to which thege Regulations extend,
a certificate from the Inspeciing Authority in Form V1T cortifying that the muterial
was tostcd and the economisor huilt under its suporvision shall bo furmirhed to the
Chief Inspector before ur with the first application for registration.

(d) In advance of or along with an application for registration, the following
shall be furnished : (¢) a certificate in Form VIII of manufacture and test signed by
the Maker or by a responsible 1epresentuative of the Maker, containing the descrip-
tion of the economiser, purticulars of the material used in its construction, and the
dimensions of the several parts with the declaration that tho limits of tensile breaking
strength and tosts comply with the standard conditions ; (i) & certificate from the
Maker of the material, stating the tensile breaking strength and the elongation
provided that if the Maker and Manufacturer bo the same, the Manufacturer’s precise
etatement showing the above in{ormation shall be accepted.

(¢) To suit owners conveniclice where possible it is recommended that econo-
misers be installed in two or more sections,

502. Where no ocertifioutos are produced, the working pressure as found by
formula will be reduced by 10% . When the workmanship is however in any way
doubtful and the Chief Inspector is not satisfled that any of the foregoing conditions
would be suflicient t0 moot the circumstances, he may at his diseretion reduce the
working pressure by such percentage as he deems fit,

503. Makers® certificates for steel economisers.—Thoe Maker shall furnish tho
Inspecting Officer with a certificate in the following form:—

“We hereby certify that the material described below has been made by the
Open Hearth or an Elecctrio process acid/basic and has been satisfactorily
tested in the preacnce of the Inspecting Officer/our Test House Manager
in accordance with the Standard Tests.”
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504. For all now economisers the hydraunlic test must be applied as shown
'below :—

On components befors asgembly Hydraulir test prossure

Onat iron tnbes, henders & Bends . .| Twire working pressure:
\imuin - pregyure 500 Ib./sg. in.

Btoel tubey, headers & Bends . . Twice working pressur:

’ Mintmunn prossure 1000 Wh. /sq. 1.

Max. pressure 1000 1b./sq. in, plus working
presaure.

Notn.—“Work vy presriirs ** ghall be the highest prossure at which the economsor relof
valves are to he unt,

The above tost progsure shall e held [or & muraum period of ten minutes.
505. Material of construction, worksmanship and manufacture.—All material

uged in the construction of pressure parts shall be tested and shall conform with the
following requircments —

(@) The workmunship throughout shall be of the highest standard. All castings
shall be well finished, free from defects, porous places and blow holes, and true to
dimensions without warping. Where chaplets are usod, there must be satisfa,otogy
fusion with the metal. Chaplets must be properly tinned with metal free from lead.

(b) The screw threads of all holts must be of British Standard Whitworth forms,

(¢) All component parts shall where necessary bo manufactured to limit gauges
to secure interchangeability throughout.

CAST IRON TUBES AND HEADERS

506. Process of manufacture.-—The minimum tensilo strength shall be in aceord-
ance with the following table :—

Main cross sectionnl thickness of Dua, of test Chaugre din. Minimum  tonsilo
eastiog ropresente L bar ng enal ot Lest piaca wtrength tong/ug. in.
—'EEW__ - l_Iea"lnra
— e e B IV __1_, R
1n. 1. 1. tons ! foms
Upto B8 . . . . . . 0 873 0- 504 A0 ‘ 16-0
Ovor 5/8 and not exceeding 1-1/8 . . 1-2 0-708 13-0 ’ 16-0

On analysis, the sulphur and phosphorus eontent of the iron shall not exceed the
following percentages —

Component Sulphur por Phosphorus per
cont max. cent max,
Tubes . . 0-12 1-20
Hoadera . 0:10 1:00
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507. Teaf bars. (a) When tho test bars are cast separately,iLey shall be poured
at the same time and from the same ladle of metal as the casting or castings they
repregent. The number of test bars specified in Regulation 508 shall be applicable
to all oastings of each melt.

(b) When tho burs are cast on the mould for the casting and the mould for the
test; picce shall be joined together in such a manner that the liquid metal fills both
moulds at tho same operation.

(¢) All test bara shall be cast in green sand or dry sand moulds according as to
whether the casting or castings they represent are moulded in green sand, or in
loam or dry sand respectively.

(d) The test bars shall not be subjected to any heat treatment after leaving the
moulds except where the castings are heat treated.

508. Number of tensile tests.—(a) Tho numhber of tests required for each batch
of castings shall be in accodance with the following table the various classes of cast-
ings being divided into 4 representative groups :—

Group Woeight of castings Test roquuremants

1 Up to 28 1bs. . . . . . . One test lor euch 30 cwta. of
castings or part thereof.

2 | Over 28 Iba. nnd up to 1 ewt. . . . . Ono test for each 2 tons of cast-
ings or part thoveof.

3§y Ovor I owt, and np to 1 ton. . . . One test for each 4 tons of cayt-
\ ings or part thereof.

1n the above Groups 1, 2 and 3, all oastings reprosonted by one tes. must be pourad froms
the same ludlo of same heat ag the bar or burs provided for the test.

4 | Over I ton and important eastmgs . . . One teat for each 4 tons of cant-
ings or part thereof or for
earh casting weighing 4 tons
Or MOCTY.

(6) The additional tests to be carricd out before a ousting or batch of castings is
rejected shall be in accordance with the following table:—

Iat towt piove .| If this fails . . . . . | The second test pieco shall be
tonted.

2nd test pioce .| If this passen . . . . . | Tho bateh or saﬁmratn caating
ropresented shall be nocepted.

If thig fails . . . . . | The bateh or separate casting
ropresentod may he rejeoted.

(¢) Provided always that in the case of failure of both test pieces if either show
obvious defects & third test picee may be teken from a broken casting or & piece
may be cut from a usable casting for further testing asg follows:—

drd test preve .| L this passes . . . . - | The batch or separato castings
represented shall be accepted.

If thig fails . , . . . The brtoh or separate casting
represented may be rejectod.

509. Standard test piece.—Tho tensile test bar shall conform to tho dimensions
shown in the following., Bars may be tested with either plain or screwed ends.
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The tost bars shall bo cast as cylindrical bara of the diameters given in Col. B and muchined
o the dimensions given in Cole. D & P in the above Tuble.

CONSTRUCTIONAL REQUIREMENTS
CAST TRON ECONOMISERS

510. (a) The Munufacturer shall, on the basis of design details, salisfy the Ins-
pecting Authority regarding the design and strength of all parts of Cast Iron Econo-
wmisers for which, under these Rogulations, specific design and stress limitation have
@ot been imposed, subject to the following muximurn working pressures :—

Max. W.P.
(1) Ordinary Vertical Tube . . . 250 Ib. Bq. in.
(2) Ordinary Vertical Tube with strengthcncd tubes . 300 1b./ sq. in.
(3) Ring Stay Vertical Tube . . . . . 3501b./ 8q. in,
(4) Gill Tube type of approved design . . . 450 1b./ 8q. in.
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() A certificate from the Imspecting Authority regarding tho safe working
pressure of such parts of Cast Iron Economisers for which design and stress limita-
tions have not becn imposed under these Regulations, should be furnished to the
Chief Inspoctor.

611. “Joint bolts and studs for cast iron economisers.-- (a) The maximum working
prossurc for the bolts and studs shall be calculated by Regulution 518.

(b) The use of studs tapped into cast iron is permissible where.—
(?) The studs and nuts ure not in the path of the flue gases.
(%7} The studs arc carefully threaded to gauge and fitted into tapped holes
of amplo depth’,

512. Use of cast iron.—Where the water tomperature i expected to exceed
425°F. the use of cast iron for pressure parts is prohibited.

STEEL ECONOMISERS WITH OR WITHOUT CAST IRON SLEEVES

ON THE TUBES
§18. Tubes, Construction—(a) The tubes shall he manufactured in accordance
with Regulation 1561, (b) Suitable provision shall be made for supporting horizontal

tubes al vie or more intervals in their length to relieve bendig stiesses, and these
supports as well ag the ond conneetions must permit free expansion.

B514. Tubes Working pressure.—The working prossure of tho tubes shall be
ealeulated ‘n accordance with Regulation 338.

516. Heeders: Construction.—(a) The headers shall be constructed in accordance
with Rogulution 164.

(b) Branches shall be secured by ono of the following methods:—

(1) Expanded, belled and welded.

(2) Strength welded with additional sccuring meuns.

(3) Full depth-strenglh weld.

(4) Branches less than 2 inch bore may be serewed and scal welded.,

(¢) Open ends ot forged for seamless steol tube headers may be closed by for.
ging, or the ends may bo secured hy holtimg, serewing. or welding in an approved
manner.

516. Headers: Working pressure. (a) Rectangular headers. Tho working pres.
sure shall be caloulated in accordance with Regulation 340,

(b) Cylindrical hewders.  The working pressure shall be caloulated in accord-
ance with Regulations 270 and 271.

51%7. Attachment of tubes to headers (n) Tubhcs shall be connocted to the tube
plates by one ot the following methody.—

(1) Expaaling with bell mouthing or seal welding.
(2) Streryth welding.
(3) Mechanical bolted joint.
(b) Roller cxpanded tubes shall project through the neck or bearing part in.

the holes by at least a quarter of an inch and shall be seewed from drawing out by
being bellmouthed to the extent of 1/32” for each inch in diameter plus 2/327.

(¢) Tubes expanded into headers may he geal-welded inside or outsicle the
header. Where u seal weld is provided inside the header, the tube end projection
and hollmouth specified 1n (b) 18 not required.



(d) In the case of roller expanded tubes the tube holes in the headers shall be
formed in such a way that the tubes cun be effectively tightened in them. There shall
be & neck or belt of parallel seating of al least } inch.

(¢} Where the tuhed ave strength welded direot to the headas, the technique
follow o shall be approved by the Inspecting Authority and all welds shall ho,suit-
ably heat troatod.

{f) Bolted joints shull be designed in accordance with Regulation 518.
{g) Tube spacers supporting clips and lugs may be welded to the tubes.

(h) Tho tubes shall he so arranged that they ave accessible for cleaning internally
and externally.

JOINT BOLTS AND STUDS

518. Joint bolts.—The muxinivm working preseure for the bolts shall be
determined by the following formufa:—
NxC 1:28 \?
W.P.=—% (D——*'n"”” . ; . . . Eqn. (121).

= No. of bolts securing the parts.
No. of serew threads per inch.
Bolt diameter in inches measured over the threads.

= the area exposed to pressure which is assuined to be bounded by a
line midway between the pitch line of the bolts and tho inner edge
of the flange where flat joints are used with joint rings. Where
conical joint facoy wre used with joint rings of curvilinesr oross
seetion, the area cxposed to pressure shall be assumed to extend
to the root of the thread where the tube ends are serewed, or to

a corresporiling boundary if the flanges are attached by other
means,

N
n
D
A

¢t = 4,700 for steel bolts or studs of 28 tons/sq. in. minimum ultimato
tensile stress where the diamctor over thread is less than 3/4 inch.

O = #§,100 for steel bolts or studs of 30 tond/sq. in. minimum ullimate
tensilo stress where tho diameoeter over thread is less than 3/4 inch.

¢ = 5,600 for steel bolts or studs of 35 tons/sg. in. rinimum ultimate
tensile stress where the dianreter over thread is loss than 3/+ inoh.

C = 5,800 for steel bolts ov studs of 28 tons/sg. in, minimum ultimate
tensle stress where the diametor over thread is not less than 3/4
inch and not greater than 7/8 inch,

C = 7,000 for steel bolls for studs of 28 tons/sq. in. minimum ullimate
tensile stress where the diumeter over thread is greater {han 7/8
inch.

VALVIES AND MOUNTINGS

519, (z) Thermometers.— All economisers shall be provided with Thermomeoters
or measu ing water lemperature adjacent to the inlet and outlet connections.

(b) Relief valves.—~ A valve which shall prevent increase of pressure beyond
a predetermined limit shall be fitted to every economiser (except where ceonomivers
are designed to permit steam generation and have open connections to the boiler
drum) and the design shall provide against unauthorised interference with the
louding. Economisers with pressure parts of cast iron and arranged in groups of
tiers connected by circulaiine piping shall have a relief valve fixod on each group or
tier.  Relief valves should have a minimum diameter of 27,
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(c) Pregsure Gauge.—Moans for indicating the pressure in the economiser
-shall be provided by a Pressure Guuge constructed on the lines of Regulation 327.

(d) Air relense valves.—Moans must be provided for the release of air at
all points where air accumulation muy oocur.

te) Blow off drain valves.—Means must be provided for draining the economiser
-completely of water.

(f) Non-return valves.—Economirers provided with means for heating the
-incoming feed by mixing it with hot water from the economiser outlet must have
& non-return valve in the hot water return line.

(9) Reserve Flues.—In overy casc a reserve flue shall be provided for hy.
passing the flue gascs when no water is heing fed to the boiler through the
economiser,

(k) Explogion Doors.—To reliove the ecconomiser of excessive pressure acen-
mulation due to internal explosions doors preferably of horizontally hinged ‘self-
sealing’ type shall be fitted.

(1) Hydraulic Taests.—Al valves and mountings shall be tested by hydraulic
pressure to not less than twice the working pressure subject to a maximum of 1000 b,/
8q. in. plus the working pressure.

Nore.—The working pressure shall be tho highest pressure at which the economiser
«wwelief valves aro to be aot.

FEED PIPES

620. General.—Feod pipes may be madoe of steel, cast iron or copper but
-oast iron pipes will not be accepted for a working pressure over 200 Ibs persq. in. or
426°F.  Coppet feed pipes shall be solid drawn and not exceed 8" external diameter
-and may be used for a working pressure not excceding 350 1bs. or 300°F.

Design pressure for feed piping.—The design pressure shull be the maxi-
mum pressure generated in overcoming friction and other Josscs in the feed piping
undor ordinary working conditions, or the ;naximum pressure which can be genera-
ted by the boiler feed pumps unless special provision is made to prevent that
pressure being communicated to the pipe line.

521. Steel feed pipes.—Steel food pipes shall bo in accordanee with Chapter
VI

B522. Castiron feed pipes.—(a) The standard conditions for material of constrze-
“tion and tests for cast iron pipes shall comply with Regulations 505 to 509.

(h) The maximum working pressure shall be determined by the following for-
uanula-—

130 (t - 6)
WPh= ———— .. . . . . Eqnu.(122)
t = thickness in thirty-seconds of an inch.
d == the external diamoter of the pipe in inches,

523. Copper feed pipes.—(a) The standard conditions for material of construc-
tion and tests for copper pipes shall comply with Regulation 35.

(b) The maximum working pressure shall be determined by the following
formula:—

80(t— 3)
w.p. —a .« + . . Equ(12)
t = 1ihickness in hundredihs of an inch.

d = external diamcter of the pipe in inches,
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REGULATIONS FOR REGISTRATION AND INSPECTION OF ECONOMISE KS.

624. Preparation for inspection.— (a) At each inspection the cconomisor shall be
¢mptied and thoroughly cleaned internally and externally snd in the flues, All
mountings shall be opened up and caps removed to permit adequate inspection,

(b) The owner of an economiser to which this Regulation is applicable shall
obtain the approval of the Chief Inspector in writing to the method of disconnection
which he proposes to use and shall be responsible for ensuring that the method #o
approved is followed in practice.

B25. Procedure for registraticn.— (2) On roceipt of an application for registra-

ton the Inspector, shall, after the economiser has been prepared for examinse
tlon, take full partioulars of the design and ascertain the working presaure allowed

by the Regulations,

(b) If as required under Regulation 510(a), a certificate from the Inspecting
Authority has not been furnished, the Chief Inspector shall determine the fitness
of such parts as per the following formulae subject to the limitation prescribed under

Reg. 510(a) :—
(1) Economisers with pressed socket joints not reinforced,—

W.P Area of Socket in contact, v
"+ T (width inside Hoader) (Pitch of tubes in Header)

Friction Factor.
W.P.=Working pressure in ibs. per sq in
Friction Factor = 300,

(1i) Headers for ahove Economisers :—

20 (t—86)°
W.P.= i . . ) . . . . . . Eqn. (126)

Eqn. (124)

t — Thickness of flat sides in thirty seconds of an inch.

b = Dopull i tines v feen - Wovay a0 ke

(i) Economisers with pressed socket joints reinforced.—
Area of Socket in contact,
W.P. =~ (width inside Header) (Pitch of tubea in Header)

Friction Factor +k

No. of stays per header <P

- . )
Where k No. of sockets per header . Eqn. (126

Where_friction factor = 300.
and P=300 for approved design of reinforcing stay. In no case value of K shall
be considered greater than 150.

(iv) Tubes for above Economisers :—

200 (t—6)
WP, = .« . . . Eqo.(27)

Where t = Thickness in thirty seconls of an inch,
d = External diameter in inches,
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(v) Hoaders for Foonomisers with reinforced socket joints 1—

200 (t—9)
WP = — . . . . . . . .FKEgn (128

t = thickness in thirty seconds of an inch.
d = External diameter in inches.

(vi) Manifold Pipes for above Economisers :—

200 (+—7)
W.P. = D Equ. (129)

t a= Thickness in thirty seconds of an inch,
d = External diameter in inches.
(vii) Cast iron Economiser with gills or other extended surface Tubes y—

600 (+—C)

WPom ——" . . . . . Equ(130)

t = Thickness in thirty seconds of an inch.

C == 8 for portion where gills act as reinforcement ; 10 for portion not re.
inforeed.

d = External diameter in inches.

(viil) Bends and Maunifold Pipes for above Economisers :—

200 (t—10)
W.P. = -——-&—— . . . . . . . qul. (131)

_ t == Thickness in thirty seoonds of an inch,

d == External diameter in inches.

(¢) The Inspector shall enter full partioulars of the economiser together with the
required caloulations of various parts in 5 Memorandum of the Inspection Book
(Form IX) and submit it to the Chief Inspector.

(d) If no formula or co-cficient applicable to any part, other than what i
mentioned above, is contained in the Regulations, the Chief Inspeotor shall at his
discretion determine the fitness of the part.

(¢) After Inspecting the Feonomiser and  ascertaining, as prescribed, the
maximum working pressure to which it may be worked, the Inspector shall witness
the hydraulio test in accordance with Regulation No, 527 and may issue a Provi.
sional Order in Form X,

526. Procedure st subsequent inspection.——(az) After theeconomiser has been
cleaned the Inspector shall make & thorough examination so far as its construct-
tion permits. The external condition of the tubes should be carefully noted for was.
ting especially at tho feed inlet end and all accessible tubes should be calipered. The
Internal surfaces of cast iron tubes should be clogely observed for graphitic wasting
88 far ae it is possible and in the event of any tube failure these should be broken
up for scrutiny so that the general internal condition of the other tubes may be

estimated.
(b) Where tubes or other parts are wasted, the strength should be re-caloulat-

(¢) Tho scraper gear shonld be examined to note if any parts are missing if the
length of travel is ndequate and if the scrapers are correctly adjusted.
{(d) All cap bolts are to be inspected, also the condition and position of the

dempers and baffles.
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(¢) The record of each inspection and caloulations will be entered in the Memo-
randum of Inspaction Book.

B27. Procedure for Hydraulio test.—Every oconomiser for rogistration shall
be hydraulically tested in the uﬁ:resenoe of an Inspector to 1} times the working

E:asure. Subsequent hudraulic test may be carried out after repairs or when the
pector considers 1t neoessary.

During the test all parts externally and in the flues shall be noted for leakag es

528. Memorandum of ingpection book.—In this hook the Inspeotor shall enter
sll particulars and dimensions of the economiser with the required caleulations for
the various parts together with details of hydraulic test. At subse?uent inspea.

tlon the Inspector shall enter all notes pertaining to the condition of the various
parts.

629. Registration Books will be maintained on the lines of Regnlation 387.

530. Grant of certificate.—A cortificale for the use of an coonomiser shall be
grauted in Form XI.

531. Casual visits.—(a) The Inspector shall note if the economiser is working
satiefactorily, and if the rclief valves, are oorrectly adjusted, If the scraper gear
I8 operating and if the external brickwork is free from cracks.

(h) He shall also ascertain that the makers’ instructions for working are being
striotly followed by the owner.

Nor®e,—Tt is recommended that the foud inlet temporature to the economisor should not be

less than 100°F to prevont swealing nad consequont external corrosion of tho tube and
bottom headers.

532. Economiser rating.—Tho rating shall bo oquivalent {o the arca of , {he

heating surfuco in square feet which shall be computed from the tubes and_the
Headers.

533. Rogistration fee.—An application for registration shall be accompanied
by appropriate fee.

Ra.
For Economiser rating not exccoding 500 . . . . . . . 50
Yor Teconomiser rating exeseding 500  bub not excooding 1,000 . . . 60
For Economigor rating oxcooding 1,000 but not exceeding 1,600 . . . 70
For Economiger rating excooding 1,690 but not oxceeding 2,000 . . . 80
For leonomiser rating exeeeding 2,000 but not axceoding 2,600 . . . 90
T'or Economiser rating exceeding 2,600 b.t not exocceding 3,000 . . . 100
For Econominor rating excoeding 8,000 but not exceeding 3,600 . . . 110
For Hoonomiser rating exeeading 3,600 but not oxcoeding 4,000 . . . 120
Yor Economiser rating exceeding 4,000 but not oXcocding 4,500 . . . 130
For Eeonomiger ruting oxecooding 4,500 but not exceeding 5,000 . . . 140
For Economiser rating exceeding 5,000 . . . . . . . 150

534. Engraving of Registry Number.—(a) FEsch section, brench pips or
detachable part subject to the working pressure shall be marked for identification

with a Registry Number and also the appropriato device as shown in Regulation
382,

{b) In the case of the ordinary vertical type of cast iron economisers, the devioe
and number shall be stamped on the header flange connected to the top branch
'plpe. In each case the stamping shall be onsome conspicuous part not affected by
the gases or other corroding influcnce.

The letter “E" should he prefixed to the number in the denominator.

Exumnple: U.P.

E
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FORM I

(Regulations 386 and 387)

INDIAN BOILERS ACT, 1923

BOILER INSPECTION DEPARTMENT
BOILER
REGISTRY NUMBER

Memorandum of Inspection
OR

Registration Book
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PARTICULARS AND DIMENSIONS—contd.
MAKER'S CERTIFICATES—conid.

to_, [ Plates,,...... e et b e et e et ee e ek a e ey received. ... i ii e
g5
EE R e received. ... . e .

7 Tecedved, o .. a i cesnrvasen

TEST RESULTS

[ Bhell, . - O L2+ . tona. E. ............ 12 S Spin Ll ing. ......

Gusset Stays LT to .......... tons. E. ... to ...l % e ing. ......
. Girders LT to ...l tona. E ............ 7 S A 1.7 RN
m
£ < Endand side R O L7 R tons. B ............ BO s A ing ......
. Fire and Flanged . B to ......... tons. B ...l L2+ SR %in e g ...

..................... L T T < - N T 1 H

Lo eaieeas . B to .......... tons. B ............ o L.l 70 - S ing ......

IBar. . . . B 1+ B tons. B .........., to ...l oL in L ins. cee

| Screw,. . . B o L. tone. B .........0.. {7 T PN o in e ing. ....
.é» Bars, . PR to ... ...l tons B ... ..., to . 7 2+ T ing. ......
3
[t e o N 22T P
5 L3 3. b e eae ey
o
a iBars, .......................................................................................................................
= 33
5.? :-—-*ri

Analysis
Phes. Sulph.
% %

[g omg
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PARTICULARS AND DIMENSIONS —contd.

CYLINDRICAL SHELI:

(a) (b} (c)
Shell or Fire- Barrel or Steam &
box casing Mad Drum Water Drum
Crown or Dome

Names of perts .
Xumber and material of each
Length between end plates.

Do. do. do. seam
Diameter inside largest hels
Thickness of plates.

Number of belts of plating
First or top belt, inside or outside

Longitudinal seams.
Position {o’clock} .
Kind, L., 8. B.,, D. B, w. .
Riveting, 8., D T., C,Z H., M.
No. of I'lvet.s per pit-ch .

Pitch of rivets . .
Diar. of holes, cuter rows
Do. do. inner rows

Distance between rows, ooter .
Do. do. do. inner
Dwo. rivet cenize to

edge
Quter butt strap, width X thicknees .

Inner do. do. de. x do.

Cércumferential seams.
No. of seams {end and inner) .
KindL.,S8.B,D.B,W.,,F & B,
Riveting 8., D. T, C.,, Z.,, H., M.
No. of rivets per pitch
Pitch of rivets .
Diar. of holes .
Distance between rows .
Do. rivet centre to edge
ol

TEVNTOHOVHIVT IANT 70 WTTT7§H T T,
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PARTICULARS AND DIMENSIONS—contd.

SHELY. ENDPLATES AND LONGITUDINAL STAYSB

L L T I T I I R R R I I I I T T R e e

Flat, dished, hemispherical {in. .. ... .ccceiurtiiinnnreiiniaaaatsenaaraannarraas i

Diamet.er {outaide), front,. . ...... ool

Radius of curvabure dowy. o vvovere v ianrasnrsenanrerans do,
Do. do, corner of flange, shel, y

Plate th.wkusm, 3437 « | /F NI .

Attacht, t0 shell, CrOWIL OF FTONY,cuie s v vt o it et et i ee o e st aeca et aaaam et ama s it saoasiaanartasttass ssasnaasranssnann
Do. Lo (o TR Y- 1V
Do. uptake or furnace crown or front,

furnace flue, back end,

Sho2 o, Lmac0 flue, Bock ondl... o ,S.D,plt.ch .................. b T
d

Plates
ey

Furnace or uptake riveting, pitch gircle,

Hermnl. end sectors, D0u, . <« vcer et taasamrasasiasecsossnsacraaecaansnsns riveting 8. D.,

Steam space doubling plat-e 5153 41 T PN BACK s s e i e e et e
Do. do. stiffener orbulb, do.,......... .00t e fraeeseaiaeanns e do.,

..................................................

[ Grussot stays, No. . ey 0P, oo T B B b0y s eenreeeineneinnnnss bottom
Longthl stays No., .. .. curinincacsnanerraanns s L threads,

Deo. do. pitch, Voo vinnnniananicanienannnans S circle,

..................................................................................................................

fg ‘oxg
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PARTICULARES ARD DIBENSIONS—conid.
MANHOLES, HAND AND SIGHT HOLES, DOORS AND STAND BLOCES

I N N I L I I T e e e R R I

!
[=]
3
5

Boller opening, l.en.gtthrﬁiH:

Frame opening, langth x width .

Fl‘ﬂﬂ'le]l}ﬂldﬂ, ou:tmde,ruaad,prasod

Frame solid, welded, caet . . . . .
2 Frams soction on longtl axim . - . . . .
Door, type and thickness . .

Door, if inside, spigot clearance

Bolte, no., disr. threads nut. .

Bolts, pltchm:rnla .

Compansa.tmrmg mdthxthwknom .

LRlvet:mg,S D., T, no., rivets diar. holea

..............................................

............................................................................

Height,. ..........ooiiiiea.. disr.(outaide), B0p,. ... oo i i i e bottom,
Standpipe below atop valve,. ..o v v vt c it haight,.,........cc0vuun. diar. {outaide}
Flanges .

........................................................................................................................

004
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Hoeight,, foundn. seam to inside of crown plate,

P].ate thickness, front,. .

( Length over all, bobtomn,. . ... . cvv it iie i it v vs s canrcaneanenss Width over sll, bottom
ICrown, arched or flat, riveted 0 or one piece with sides, AiaF., . ... ... it e
< Radius

g
=
r

Radius of corner of flange, front ..........
Riveting, front to sides, B., D., pltdl..
Do. sa.ddlatosldas.s

| Crossstays, Now o vvivenianicanannss

RECTANGULAR PIREBOX, COMBUSTION CHAMBER, GIRDERS SMOKYE. OR WATER TUBES AND SCREW STAYS

Parta and maberial Bememmmmdor, - .. oo e it it et et it am e et ee e e e et e et e ettt eaaaraa e a e

Firebox or Combustion
Chamber

Longth inside, bottom. . ... _.............. BOPy . e Width inside, bottom,.............. e B, e
Height, foundn., seam or shbr. bottom to roof,. . «.Radius of curve, chbr. bottom, . .. ............. roofgide,. . ... ... .o i e,
Roof, flat, curved, camberad, oon‘ug&ted., stayod to sholl or gl:rders, g
Platetb.lckuass,ﬁ.raholaatchbr. .................................... Hdeg,. . cuee e e re e
Da. botbom,. .. v eh i it tubeplate, F.. ... ... ............ & S Reoof and s]das m ona, ...................
Attacht, to fire box caSInZ &t Bobbom, . . . ... i ittt e raee e m et tar e ear et aa
Do. do. s T 1 ) 15
Foundn. ring, section. .. .....civiiiiii i riveting, piteh,. .. ....... ... Lol ROleS, . oo ariaiiei e e
Frichols, doc. . uioeriviiinnrerreanarinnnnrannens do. s £ PN do.,. ... .
Do. L o Y. distanoce of carrbre above foundn. BEAIN, . .. ..ottt i i e a e e n e
Bide seams, distance between...........ccoiieieraaannaa- riveting, pitch,. . ... oaal, 077
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PARTHOULARS AND DINENSIONS —contd.
RECTANQULAR FIREBOX, COMBUSTION CHAMBER, GIRDERS, SMOKE OR WATER TUBES AND SCREW STAYS—consd.

30

Firograte dImangions, . . . vuueeee oo iamaamnn et it ra e aa e it v o S

!’ i - o= T Rl Te) « W 1 1: TR lengthwise, crosswise, resb on, .. ...

£ ] Digtance 8part,. . oo vvereacararnioaraa e Bolts, mo,.. coeiiiiiaiaan piteh,. i diar.......... threads,................
3 nutted, screwed into girder.

g?Slm,gs, T distanee apart,. . ...... ... ... Kovaannnnns Section.......... Hoeoeanans pins, diar.,

Do. attacht, £0  Bhall,. . oo e e ittt ie e it ittt esisaniam s s aaan st i s s sme tansanseasoasnntaneansetoustanrtonssansasaninaannsnsas

No. plain,. ..oovirreneraanians e 0 U length between tube plates,.............. make,. .. ... cieiaaea.,

| Plain, diar., fout). . ..-...omnaan thickness,. . .....cveeaun F. E, expd., bead. frid. 8. E,, Expd., bead, or......... ... oiiiiiiiiiinnnnnnnn..

8| Stay, do e 0y e e F. E., do., do., nutted, 8. E., do. mubted. ..o emnrreaerreer e

E? Do. do. ,over threads, F. E.,.............. S threads,................ b1+ 1 T

IE Piteh of plain tubes, V., ... ... i 1 P D, C. Z. straight carved. Lie,. . ................

‘L Do stay 0., .ccnieeiaeniannann M oatveansrrananrannrann Kaovtannsaanann b N marginal piteh,. ... .. ... . ...

"' Tube plate, no. of rows, Vo, oooiiiiiiiiiiiianns 1 Pitch, Voot i iieiirnnannss =

F. hola or back do., Voeouviivivinrainnmeennnannns = Piteh, Voo ccoieeieieniieiiaens = T

w | Sides, S TP 1 Pitch, Voo ocie e 1

;‘g .2 Reoof, do., L. Wi80. ... viiiia s C. wWiBo. i veviniann- pitch, Lo, .oiuiiiiniiaa, Cipe i it eriennaranananns

E Bottom, do,, L W88, .o cv e vivneamnernanrnans Cowige. ..evvnannnnn. pitch, Luyorenonnin e, L

B ) Ordinary stays, diffe. ... euirererenereaaneionanaeenet threads,. . ....eeurieennn.. nuts........... riveted, bodies turned to. ........... in.

Marginal, e [ T 5 2 S do,,do, dogeninina e

| Roof, 5 S dOueeciecnrannnnanns do., do,, dog.iieiiveiiaeinranns

AYVNTQHOVHLIXHA VIANI 0 ALILAZYD HHIL

II zuvg]



PARTICULARS AND DIMENSIONS—contd.
CIRCULAR FURNACE, CROWN AND UPTAKE

...........................................................................................................

Horizontal and Vertios] Farnacea

H 2 3 4 5 & 7 8 9 10 11

1213 14 15

R
between]
centra.
4 L
i _
| R
{ Inside
{ diama- ]
tar. L
R
i Plato :
thick- " - ‘—T—“ —]
| S
R
Posit
| of cross __
i tuboa. L
L

Y OREY PTAONT T TTT OYE

oy




PARTICULARS AND DIMENSIONS—oontd.
CIRCULAR FURNACE, CROWN AND UPTAKE—cond.

Do., diar, (outeide), top.....ciiviieninan bottom, ..... iees 4 aee 4+ wan u..Chickneas,
Attacht. to shsll at botdom,. .. ...coiint menie terienn cae b aan e te aee eeesmnimeeaen o

Do.  do. do. firehola,. ... vih sveiiiein s 0 e e

. Fmrehols do., £ B £ S o do.

Do, opening . ..ocviveuiriniaaann sesannn X.veaan «vu <on - » -distance of centre above foundn. ssam ............... .
Screw Stays, No. ofrows, .............. prtch, V., ....... H., .. . neareet row to foundn. seam. . .

1Io 17ontal and Vertieal Furnaces

I{ Foundn. ring, 96CE0m,. coerniunrereearoarroranssonnennsan sonsannnse nveling prtch,. ... huiih neiaanianan, holeg, ............

Do, 0y GIBT, »eneeenennnaneneananaaanans threads, . . . . . Uts, ... « . ... , TIvcted, bodws turned to .. fn. |

e —— m——

| Frograte dimenmions,.........oe vii v v bt miiniiiaiane o an . . type, . e e aeean e e e e e e e

{ Flst, dished hﬁm.lsphenca.l, not st-a.yed. not ﬁa.nged Diar. {outside),

I Radrus of curvature . . . . . .corper of flange, farnace, .. ......... uptake . . .Largest circle, . . . .
E{P].at-ethlckmsa, CPOWTL, « vee san o secos  an an  amusn ogeerm,g . Bo-ltsba.ypltc.hcmla, .. .. .
£ | Attacht. to furnacs or ..... f e eeean ae e e e e ‘c-ouptake, . . .o
O | Uptake riveting, pitch cirel,...... ..... . N <1 7. YN veeee . holes . . . ... ...

’Cy'lmdrm.l.ta.pered,ﬁanged, ........ Longtl. ssam ... ... ..... . . . .. Length between seams, ... e eee e eaae .

Upbnka

......... ... Dizr, (outsrde), top, weseste + we. obottom, . .... . .......Lmer not ftted..............

EHET

WENTT A TV YIINT I0 TT1F re

ﬂ"v



PARTICULARS AND DIMENSION S—contd.
WATER TUBES, HEADERS, BOXES AND SUPERHEATER

............................................................................................................

[ AIBIN BUDEE, D0u, o o it e e ettt a ettt e i s e eea et anreaienniaeraeaan T

| Diar, (OmEIAO) .« -+ v e e e v e mne e e e e e e e e anan HICKTON, « e Length betweon headers o plabes, . . ............

j:; B 5« 1 U Deyveennea C. Z. Straight, ourved, Lie,..............

"'rfEndsexpmdad,bmdedbanedto ................................ B0 2 Mt st et e e e,

!LDownbake AUDOR, D0u <« v a s ee e e e e e ee e e e e e e enn diar. (0utside),. .. ..reviarnnnns thickness,. . ........ Length (exposed)..........
[(Hoadars, no............ motion (ombeide)..........coviiniiienn., X o e thickness,. ............. solid, welded

'% { Staggared or straight, Tdee. . ..o oottt i et it ir e e no. tubes Im each,............oiiiiiiiiiiieean,

:3 |_ Caps round, oval, square, inside, outside, Bolts, Diat,. ... ..ovoveennia ot threads,. c.ccv i iine it rencnrsananss 2171 - P

g [Mudbox, Length,.......ocnnnsnn 80ction (00taide) . ... erernnnn.. X HRICKINOE, . « + .« vt e e nennnes sotid welded.

3 iC‘rosaboxas, DOiye et eennvneeeraaanenenannn N x L do., do.

Tubes, DO .ouevinaanean diar. (outside).................. thickress,. _........ .. ... coiheiiiienn 41712 TR,

(Straight, oarved, Lif,.oieeiieiaraiairioanionansianncarsas P Pogition,. ...oo i i it i r i it

s; I'I Ends expanded, beadad, belled $0........cccoeiiieriarnnnrannnan.. i« WA 1 Y

5 { Desoription of sUperBOBtINg SYEbGIL. . 1. .t et st tute e aaeae e ena e n et e et eh e e e e a s e e e e aneaans

[Fimgrate L S 5 T
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PARTICULARS AND DIMENSIONS—contd,

MOUNTINGS AND FITTINGS
Number Diameter Type
Malarial Bolted to
Do. . .
:|
aJH.SfOT?
o
: | A Do. . .
S
€3 Feax S —
]
£ | Blow Down . . ————-——‘s_‘_.___.._._____
b -
Scam™. . .
g
LInjoctor . .
-
[Waber gaages, No. ......... ... ....... . .. . .
E:'T ...... B Pe. Test cocks Neo
£
i
1
=]
el pnee
=]
£ [ Centre of food indeb ig............... " L s aover o, (PO, comented do.
ELFmd&ppmm ....................... inches aboVe. .. ............... on right, loft sido........ ... ...
Additionsl S#tings. .. ...l

Eﬁ'm

OVELXE VIANT 10" FLERZYO WL

pre



CALCULATIONS
SHELL, BARREL, S. & W. DRUM, F.C. CROWN, DOME, M. DRUM, RIVETED JOINTS

Parts Jomt Fig. No. | LONGEITUDINAL Joint Fig. No. CIRCUMFERENTIAL
P...D...T...... P...D...T

- N C B8 N C §
{B} .
< .

Actaal Rule Actnal Rul
Max, Pitch
Quter Bows
Inner Bows
Edges
Wide Strap
Narrow Strap
Plate 9% 100 (P—D} - % 100 (P—Dj} - o

: 100 x AXN x C x 8, 100 x Ax NxOx 5
vet . - -
ERivet % PxTx8 % PxTx8 %
Comtd. o 100 {P—2D) | 100xAxCxBy
' % P + PxTx8 %l
’ i!:ﬂi‘i’ii ibe Least Prossurs........

Working Pressure t....8....49....C....D... W.P.= CxD -




CALCULATIONS —contd.
FLAT END PLATES AND GUSSET STAYS
PrLavs Stivrrzss

Front

Thickness

Dijmmeter of Qlreles (D).

t

(I—1

I—I1 .

I—-1m

WP =

WP, =

FRONT END

1y

Arcound Manhole.

[(—12 1 (4 —1)7)
Ds

BACK END
(173




Length of Lineg

| Distance between Lines

CALCULATIONS—contd.

GUBSET STAYS—condd.
Aggas (A) SUPPORTED BY GUSSKT STAYS

FRONT END
Dimensions i Front Back Gosscts Aroas
FMid L. L. = 8q. in.
I . . - Y
T m. - "
{ Iv. - .
v v. = N
(V or Mid BACK END
(1—1 . 1 B .
I . o - )
II-—IIT _ HIT. . ;
3 OT—Apex Iv. = "
IV—Apex. v. - .
IV—V¥ or Mid
PLATE MARGINS
W iiiiirieriisinanasnann
3.7 (t—1) 3 47 (t—1)
= ina, - tna.
VWE. v WE

TV FIONT SO HIY wypE G

AEVRITHOW

33



CALCULATIONS—contd.

FLAT END PLATES AND GUSSET STAYSB

GUBSRT STAY PABTICULARS

(GAL uam Op L DIA BXIRAQ, WaN& |
ook s -

Guometa plate, thicknems. ... ..

G,

D,

D,

b,

N,

N,

N,

*aduqg JO FUOIOOY PUW MOALY JO I PUw Isquun N




GueanT STAY CALOULATIONS

|

N F.
X
31X Ay ~
F. ]
X L-878
N, x4, x ~
F.
1-875
Mo x & x B.
Fi
N® x As .
B.
F.
(G—N, D,) (¢—2) -087 —
F.
{Gr—Dy) (+—2) - 087
B.
8500 x O P.
A B.

‘Worknig Pressure

R

JYVNIQYOVIIXH VIANY 40 HLLUZVD HHI

Sid

i1 auvg)
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CALCULATIONS—contd. wi;
SAFETY VALVES. LEVER AND WEIGHT VALVES l
High Steam snd Low Water Type.
{A) (B} (C) {3 ()
No. valves each ehest i {B. . i y
e o L. .
Diameter of valve § 1
V. - L
Ditto neck
. 8 B.to F. .
Ditto ontled » . . § G to F.
§ V.to F.
Balanced Lever { } Unbalanced Lever, { )
[(W.P.{A—8)-V]VioF ) [WP (A—a}—V]V to F—{(G to FIL ]
= e, - o8,
B B
Small Valve. { } Ordinary Type. Unbelaneed {Lewer), ( )
Wh.xa{} = T, [(WEPXA—V¥] Y F~{Gw R L s,
B
DEAD WEIGHT YALVE. ( )
Pladed.ciouciveanirannensannans WEP.xA =]ba,




CALCULATIORS—contd.
SAFETY VALVES—conid.

SerrnG LOADED VALvE. ( }
of 1) + H R R LT P T T TN inches. Loadcompression .........ccvviiinniiiniianenrs convenan incheg*
L=({AXW.P) ; D= 3 = H K= ; d= 3
B= 3 H== 3 WP.= ; A= 3
Round Section Square Section Reotg. Section
10000 x 43 33333 x 43 180,000 BY*x H?
WP = —_— VP —m— W.P. =
DACK DACK DACK (3B4-1-8H)
REQUISITE ARFEA OF SAFETY VALVES,
For Saturated stem for Sgperheated steam.
E 18T
A = — AB= A{ 14— —
. 1000
E = H C= H P = H A=
NOTES ON WORKING OF BOILER
Bofler i8 mOed 0T, . ..ottt ittt e et a e et e e Caeeeeerr e Ceeeeereeeias
Constant, infermittent or seamonable WoTk. ... ... . i i i e ettt s e iaa s .
Te boilor reloved by spare Botlar T ... ..ottt ittt ie i e et ottt ettt a e e et a et et ta e ae e
How long worked bebween cloaniDEE T ...t oo ottt an s inneaanrtaanarsstaassananrennssicnseonnnnsssseenesissantsretrastottasaannntiosansse
Most suitable time for fnspection. ..., ..o i e Cieesetarsetnaaa i e Chrreerseraaseaateraean Ceeraaaas ‘
Pump available for hydrantically teeting boflor I ... ... ..o it i i ettt iir et ar s b e e e .
Feed water used, town well, surface or jeboondense® ..........c0vvenue et nareteter e ae e e n e ae e Tt b et et e es e
Nature of water..........cceiiiiiiriniiissisacinarennianss Cereerararsasatas b rtrane SaNiasesmsrararrERasas s Eean e an N ses
Foslosed. ......c.cinviarinnnnssanssannnnss Aro printed instructions kept near bollee b, . ...t Seiareatrraenas veene

T

S ——



CALCULATIONS—contd. by
HEATING SURFACE

L

|-
[~3

>

-

-

-]

=

>

Tokal HORHNG BIUEIA00. . .. ... vussse st sesnen e s s e e e n e e saee e nemsa e s s st e e et mase s et e e eatas e an ara s e et e s e anaseanaaenannnn o uf B
S 2 T E
Q

Caleulations mads by........ ........... 2 ¢ SUbmItbed Om. ... . L. g
Do.  chetked  BF.........eiiieiii e OThe ore e e e e e =
B e T 7o i 18 E

ADDIOVO0 WOIKINE PrOBEEED. . o ..ot e e eemctan e tmanvaenensanasnneansassesstnssssnnassssstansesessstansttearsassatosstinninonsseeesenanms, s
Chief Inspoctor’s remarke AnG SgIAIS. . ... ... it tet et a sttt e e as et e e et e e A et s e nnaaneaae s

"

&

3

" o



Inspecbor. ... ...c.iiviiii it Date of tesb, . .......ccoviiiiiivunnnnnnn. Teel POOBBUMB. .. . vuur s et iaasaranmnnnnrtrunennnnnnes Tha.
Durasbion of tead................ovviini i mins. Boiler presgure, gauge No.........oivininienans mpad abdask .. ...,
Boilar presmme gauge compared with...................... il ) T O found. ...,
Position of boiler st teab. .. ... .. oo ittt ittt st N e e re e et et e e et e taes taiaanreararanny
Bt BT -
Condition o Dotlar TIrdar BaBE. . .. .o ot it i in it iuane s v s et e e e tan e tan et amassetsstsansanssatostossnsesnnuessiaseionaneananeronasnrenes
Do. do. IOUNEIIEE DAl BOBE. . o o\ o it ct it o e e e e e et ra et
RIGHT HAND
Ring Nos 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15
Y
Before Test . —
H
v
During Test .
! :
&
O v
After Tent
H
¥
Bulging
H
v
Pormst. Set .
H

[g -omg

- XEVNIQEOVILXT VIQNT 0 HILAZVO HHI




HYDRAULI0 TEST (REGISTRATION)—contd.

LEFT HAND
Ring Nos. 1 2 3 & 6 7 10 11 12 13 14 15
Y
Bofare Test .
H
= Y
. During Test .
% "
-
S v
2 After Test
g H
: :
Bulging
H
¥
Permt. ot .
H_ ) )
FRONT END BACK END Sketch position of gauge points
Gauge Points A B c A ~[ B c
B
g
B | Bofore Test
-
© | During Test
£ =)
& | After Test .
E Bulas
Parmt. Sot

ZAVNIQHOVHLXH VIAONI 40 HILAZVD

T

L

II a8vd)



Approved working pressure. .. ...t it iae e ] R Tl PIEsEPe . ..ttt tarac ey Ibs.
LOL’8 Pressure galge. ....cv.ovreeviarinrorana- Boiler pressure gange No. ... ... i i i i e iaai et e raan
Boijler conmeetions. ... .. iii e Condition of five ... ... i e e e et r e
Fuelused .......... (i e 5. 225 T 4R
Bafety Valves lifted at {A)  .................... e (B) .oevviiiiiiiiannn, Ibe. (O i e e Tha.
Beginning 5 mins. 10 mins. 15 mins Difference

Timing of test.

Height of water in glass .

Pressure by Inspector’s gauge .

Accumulation of pressare, 100 { ) = %
Do. safety valves efficiently religwe boOler & ... . i i it ittt s e ra e oo aaeeae ot rias e
Condition of boiler BRBEr BEOATII ..o o ittt e ettt e e ottt o as v e st st en s i a sttt e et e s ae e e e e
Do. Of MOUNTINGS WRGOT BLBAITL. 1 . . v\ttt ittt vt ettt e e e hae e s ma et e a o et a i a s aa s e aa e et e
Loading of valves st blowing Pressure (A) ... it a e e i e a e et s aa et b b ar by
De. do. do. 1. 2
Do. do. do. 0 PPN e e e i iieae et
Thickness of Wagherd or FerTules ., ... o ittt ittt e ie o st et e ria e et ae st na st it e e et et e e
Foed pump of InJoctor WOTKed . ... iruanot ittt s rae s et s s anaraam et ma s a et a e tas et a et et
Water gauRes (oot L. L. i i i e e e e e e e e et e n s an e e aas
Boller abbendaml ... i ia e e ee e re e aa et e e e e A A At he e as e e ar s
Limat of load on safcty valves to be emtered In certificate ... .. ... i o i i e et e




STEAM PIPES

PLAN CF BOILERS AND MAIN STEAM PIPES



S;tu.ahon ........ Ce e r e s e snbbeshabrabbbbaursraqann R R R I T T I I R R R P fedds st ddddad e dasdrdaaisdannns Aat i dE s .e

Ry. Noe. of commected boilers . ... . .ot iiirannnnnsianeiannaas E s amn b eme e e nbee e N et r e e e et ae e raraaan

Main steam pIped INCIUAE ... .. it iiat e i e e b e e an b T aa e aaiaeaaaars e dee e

Pipe covering ......... I Cerieneaen resrrrtesecanarrans P

L



STEAM PIPES—ocontd.

RECORDS OF INSPECTIONS AND TESTS

First inspection inside and outside BF . .v.cviaerriiaeiinacnrenrrananannnirnrtiaan OIL L iuaansacmsantusannnssarasssasannnsssnntasnsnssnnnrnnns

First hydrauolic test (to 117 BY e e i OIl o eevrvaasscnmnsrarmssansnsseanannsornnnssannriannnnnsss

T <<
INSPECTOR'S NOTES

AUVNIQEOVHIXH VIONI 0 ELLEZVD EHD

o o)



PARTICULARS OF BOILER ATTENDANTS

Grade

Name

No. and Year of
Certificate

Date of Employment

AHVNIQUOVYLXH VIANI 40 HLILAZVD HHL [g "oag
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[ParT 1I
FORM II
INSPEOTING AUTHORITY'3 CERTIFICATE
OT INSPECTION DURING CONSTRUCTION
[REGULATION 4 (0)]
DESIGNATION OF INSPECTING AUTHORITY
We hereby cortify that the type, boilor ; longth, fuot
inohes ; diametur, feot, inches ; working presaure, Iba. built by
Meaunrs. at

undsr shop
Number waa conatruoted under our supervislon and inspeotad at varioua stages

of construction by the Inspucting Offlvur and that the construction and workmanship woro aatls-

factory and in accordance with the Standard Conditiona for tho design and construotion of land
boilers under the Indian Boilera Aot, 1923,

The boiler is atamped of the front end plate with our stamp as shown hereunder :—

Maker's Namna
Works number Yoar of Make
Teated to tha. on ’
W.P. lbs. Inspeoting Offloer's or Insgeobi.ng
Authority’s Official Btamp,
The boiler on completion was subjected to n water prossure test of Ibg, ; per
square inch in the presence of the Inspocting Officer on 19 and

satisfactorily withstood the toat.

Samples of the plates, stay, anglo and rivet, bara used in the construction of the boilora were
teated in the ?ruaonoa of the Tnaparting OMocer snd wery found to comply with the test prescribed
in Chapters IT &V of the Regulutions relating to Standard Conditions for the deslgn and cons-
truotion of boilers under the Indian Boilors Art, 1923.

We have satisfad oursolvas that the construction and dimensions of tho boilar ar: as shown
in tho maker's drawing No. signod by us, and that the poartioulars enterad in the makor'a

certificate of manufacture in Form ILI countersigned by us, ure correot to the best of our know-
ledge and bolisf.

Fignature of
Inspeoting Authority,

Dated this day of 19
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FORM IT1
Works Address

COONSTRUCTOR'S CERTIFICATE OF MANUFACTURE AND TEST
[ReqULATION 4 (d)]

Deoa-
orip
tlon

Construction and Workmanship

1| Typo of hoilaer Length overall Diamater inaida largoat belt

Intended working pressure Ibs.  Shop number of boiler

Yeaur of Manufactyrs Totul heating eurface 8q. ft. Grate area wg. ft.
Degeription of boiler.

Total Evaporation Tbg. P. H.

Boiler conatructed under supervision of
Boiler hydraulically tested and internally inspected after test by

— . Y o — A R . ikl o B i e ek ey s b il i Tl g e N St o e ey et e et

Shell Seams.-—The longitudinal senms are and have rows or
rivess in ingide strap and rows of rivets in outside strap. Rivet holes are
Ineh diameoter and number per piteh of inchea.

Butt strap cut from plates and bent to required curve in . The
ciroumferentinl seams joining rings of shell are and riveted.

Rivet holes are inch diameter and number per pitch of
inches. The phell and seama aro and rivetod. Rivet holea are  inch diameter
and number per pitch of inches.

Details of semns as in drawing No.

Furnace Seams.—The longitudinel seama are . The oross menma
joining rings we of type riveted.

Workmanship.—All rivet holes in eylindrical shell and furnace flues drilled in place after
latis were bent; plates aftarwords takon apart, burrs removed and rough edgea of
olo cleaned beforo rivoting. Riveting wherover practicable dons by

maching, All fire-worked platea cfficiently annealed after completion ef
operations. Welded parts of boiler eve welding
process.

No part of boilor proper inoluding mouthpisces and stand blocks, ia made of east iron or
maelleable caat iromn.

Pusion welded drums.—The construction ig in accordance with Chapter V of Indian
Boiler Regulationa.

Number of longitudinal seans in each ring,
Numnber of circumferontial sipmy.

Datails of repairs to seam; during construction, if any.

Details of heat irealment
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FORM ITI—oontd.

4 Boiler parts and Matorial | Smelter Make | Inspecting| Remarks
fittings. Offloer -

Plates

Dao. .
Rivet bars .
Btay .

lo.

Bolts
Tubes
(irdera . .
Manhols frames .
Manhole doors .
Manhole Compn. ring .
Sighthole doora .
Stand blooks .
Stop Valve Chosts
Bafaty Valve Chegta
Feed Valve Chesta
Blow down
Blow down olbow pi
Water gauge mount.

Nore,—Under “Material”’ enter against appropriate Item —“Stool, Siemes Martin, ope
hearth acid (or basic) process™ ; ‘“Wrought Iron, Branch.......... " “Cagt Btool, Process. ., , ™
oto., eto., and under “Remarks’’ & briof explanation of process or manufacture where nec, ssary,

g.» “Solid deawn’”, “Lap wolded'; +Solid pressed’: Tested by mekers................
lba. per squaro inch, gto.

THICKNESS OF PLATES, ETC.,, AND TENSILE TEST LIMI I8

Thickners
] Purt of boiler of plates | Tensile [Elongation | Gauge ( Brand and
In 82nd or | strength Limity longth number
Diameter | limita to to ina, on plate
in Inchea tons %

Shell .

Butt strapa.

Htoam and water d.ra,wn

Barrel (Loco) .

Firebox Casing Crown ,
(Loco).

Dome .

Mud drum

Cylindrical Shell
Plates

Front End .

Back End .

Shoell Crown

Dome End . .

Mud Drum End .

Saddle (Loco)

TFirebox casing sidos (Ioco) .
Doubling plate . .

Shell End Plates f
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FORM III.—concld.
TIIICKNESS OF PLATES ETC. AND TENSILE TEST LIMIT3—conid.

Thickness | Tensile |Elongation
of plates | strength limita Gauge | Brend and

5 Part of boiler in 32nd or| limits to to longth number
Diameter | tons % ins, on plate
in inches

—_—

Furnace, Ciroular (plain)
Turnace, Olroular (plain)
Furnace, Ciroular (corrugaterd)
Firobox, Crown.

Firebox Bida.

Tirahox Front.

Firebox Tube.

Uptalke.

Bmokebox tube.

Flanged and
fire-exposed platos

Cross Tabes.

Wator Tuboa.

Smoke Tubos, (plain)
Smoke Tubes (stay)
Superhenter.
Headars.

Cross boxogz,

Mud boxos,

(Gusget Stay (plateg)

Longitudinal,

Croas.

Herov.

Firabox Roof slinga.

Firebox Roof Pins,

Girder Bolts.

Sholl Angle Bolte.

Uptalke Angly Bolta.
anhole Bolts.

Sightholo Bolts.

Steys and Bolte

Firabox Girdara.
End plato Stiffenera.
Shell Anglo.

Furnace Anglg.

Uptake An %3

Guaset Algi

Manholo Compn. Ring.
Manhole Frame.
Manheole Cover.
Bightholo Compn. Ring.

Bighthole Doors.
8tand Blocks.

Misc'e]lanoous
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(6) Certified that the particulars entered herein In manuscript by us aro corroot and thab

arts and fittings in sections 4 and 8, against tho namoes of which entries are made, have
Boen used in the construction and fittings of the boiler.

The particulars shown against the varlous part used are in accordance with the meker’s
cortificatos In our possession.

F

The design of boiler in section and end view with principal parts fully dimonsioned is that,
ghow in drewing No.

The boiler has boen designed and constructed to comply with the Regulations undor the Indiag,
Boilers Act, 1923, for a working pressure of Ibs. per aquare inch at our works above namea
and satisfactorily withatood & water teat of Iba, per square inch on the day of 19
In tho presence of our responsible representative whoso signature ls appended herounder.

Maker.

Bignature of Enginoer. Signature of Maker o1 who witnessed test. Secrotary of Firm.
Designation

Dated at the day of 19
Bignature of Inspecting Authority,

Nor®,—The drawing of the boiler and steol maker's sertificate of manufacture and results of
plate tests for tonsile strength elongation and bending must accompany this cartiflcate and

if boiler has been built under the supervision of an Inspeoting Authority their certifleate in
Form II must also bo attached.



FORM IV

STEEL MAKER'S CERTIFICATE OF MAKUFACTURE AND RESULTS OF TESTS
{ReGULATION 4 (c}]

DESIGNATION OF ROLLING MILL
‘We hereby certify that the material described below has been made by by the electric,

open bearth, acid, baaie process and rolled by us and Las been satisfactorily tested in the presence of your Inspecting Officer, or Test House Manager, in
accordance with tho Standard tests.

Data of fests 19 Signature or Initials,
Teat House Manager.
Ordered by
Order Number Date
Boiler Number
RESULTS OF TESTS
S1zE oF PraTe
Number Part of Number Tensile break-
Charge of boiler of ing strength | Elongation Bend
Number plate pieces Length Breadth Thickmneas in tons per in inches teats
in 32nds in. square per cent.
inch
F. In. | Ft. In.




Counterfoil

No.

are hereby permitied to use the Boiler {Registry
No. } Boiler Rating

made by

and bearing Maker's number

at & maximum pressurs
of Ibs.

per equaTe inch pending the issue or refusal of a certificate within six
mronths from the date hereof

after which period this order will become woid.

Dated Inspector of Boilers.

&
iy
i
b
ﬁ
%
B
i
.
&
B
i
a
B
N

No.
FORM V

[Regurarion 381 (c}

PROVISIONAL ORDER UNDER SECTION ¢ OF
THE INDIAN BOILERS ACT OF 1923.

are hereby permitted to use the Boiler
{Begister No. } Boiler Rating

and bearing Maker’s number ata
maximum pressure of Ibs.

per squars inch pending the issne or refusal
of a cefvificate within six months
from the date hereof

after which period this order will become void.
Dated
Inspector of Boilers,

B.—This order must be produced on demand by any suthorised person
‘and surrendered to the Chief Inspector on receipt of orders.



FORM VI
BOILER INSPECTION DEPARTMENT

CERTIFICATE FOR USE OF A BOILTR

(Regulation 389)

Registry Number of Boiler, Type of Boiler.

Boiler Rating. Place and yoar of manufacture.

Maximum Continuous Evaporation.

Name of Owner.

Bituation of Boiler.

Repairs,

Remarks.

Hydraulically Tested on to lba. per Bq. inch.

I hercby certify that the above described boiler is permittod by me/the Chief Inspector under
tho provisions of Bection 7/8 of the Indian Boilers Aot, No. V of 1923, to be worked at a maximum

pressure of Ibs. to the square inch for the
feriod from
0

The loading of the safety valve is not to
exceed

I further certily that the main steam pfpe was tesled bydraulically to a pressure of  Iba, per
square inch last on

Fee Ra. paid on
Dated at
Thia day of 19
Inrpeotor.
Countersigned.
Chief Inspectar.

Seg Reverse for “conditions”



CONDITIONS
(Reverge of Form VI)
(1)} No structural alteraiion, addition or renewal shall be made to Lthe boiler otherwige than 1m
accordance with Seclion 12 of the Act.
(2) Under the provisicns of Bection B of the Act this certifloate sha I'eease to be 1n force:—
(@) on the expiry of the period for which 11 w 15 granted ; or
(b) when any aoccldent ocoura to the bouer , or
(c) whon the boiler is moved, the boiler not being a vertical boiler the heating surface of
which 15 less than two hundred aquare feet, or a portable or vehiculer boiler ; or
(d) when any struotural elteration, addition or renewal is made in or to the boiler ; or
(#) if the Chlef Inspactor 1n any particular case so directs when any struotural alteration,
addrtion or renewal 1§ made 1n or t0 any steam pipe attached to the boiler § or

(f) on the communieation to the owner of the boiler of an order of the Chief Inspector or
Inspeotor prohibiting 1ts use on the ground that 1t or any steam pipe attached
thereto is n a dungerous condition.

Under Section 10 of the Act a boiler may continue to be worked beiond the period of the
certifleate 18sued for 1t provided the owner has applied for s renewal of the certificate before the
expiry date and none of the casea specified in clauses (b), (o), (d), (¢) and (f) apply to the boiler,

(3) The bouler shall not be used ab a pressure greater than the pressure entered in the certi-
ficate s the maximum pressure nor with the safely valve set to a pressure + xceeding such maexi-
mum preasure,

(4) The boiler shall not be used otherwise than in a condition which the owner reasonebly
believes to be compatible with safe working.

N.B —Details regarding this boiler are recorded in Registration Book No., . of
which & copy may be obtained on payment on appheation to the Chief Inspector
FORM VII

INSPECTING AUTHQRITY'S CERTIFICATE OF INSPECTION UNDER CONSTRUCTION
DESIGNATION OF INSPECTING AUTHORITY [Reg. 501 (o)}

We hereby eertify that type,
Eoonomiser, consisting of sections, and tubeg to each section was construe-
ted for o worlaing prossure of Iba. by Mesara

under our gupervimon and mspected &t various stages of construction by the Imspeoting
Officer and that the construction and workmanship were satisfactory and in accordance with
the standard conditions for the deeign and construction of Economiser laid down in Chapter
XTI of the Indian Bouer Regulations, 1950.

TIdentifleation meik on each section,
Branch Pipe or other pressure part.
Posilion of same.

The seotions on completion were subjected to a water pressuie of lbs per eq in.
for ten minutes 1n the presence of the Inspecling Offlcer on and satisfactorily
withstood the teat

bSamples of the material used i tho construetions of the Eeonomaser woro tested in the pre.
sence of the Inspocting Olficer and were found 1o comply with the tests preseribed m Chapter X1
of tho Indian Boiler Regulations, 1950.

We have satisfied ourselves that the constiuction and dimensions of the Eoonomiser are
af shown 1n the Makers’ drawing No, signod by us and that the partioulais ontered in the
Makers’ certificate of manufacture in Form V111 countersigned by us are correot to the beat of our
knowledge and belhef,

Dated at this day of 19 Bignature ot
Inapecting Authority.

-

FORM VIO
Works Addr ss
CONS1RUQTOR’S CERIIFICATE OF MANUFACTURL AND TEST [Reg 501 (d)]

1, Desonption T, of Economiser
0, of Sactiona No. of tubes
Intendod working pressure 1bs
Yoear of manufactura Total hoating surface ot

Deseription, tubes




vl
L R 21 A e R g s e it e

2. Inepecting Authority . Iconomiser constructed under supor.
vislon of Bections hydraulioally tested for minutes and
Inspocted after test by

2. Construction and work- Dotails aro in Drawing No.

manghip. All castings are well finished, free from external defects, porous
places and blow-holes and true to dimensions without w&rpin%.
Whora chapleta aro used, thero is satisfactory fugion with tho mctal.
Chapleta are properly tinned with matal free from lead,
All gerow thro are of British Standard Whitworth form.
All componont parts are monufactured to lmit gougos to secure
intorchengeability throughout.

4. Hoonomiser Parte  Material Malkor Inspecting Officer Remarkg
and fittings

Particulara of matorial Hoaders
usad Tubes and or
Pipos
Valve chosts
Bolta

THICENESS OF PARTS AND TENSILE TEST LIMITS

5. Part o Economigor Thicknosa Tenaila Elongation Fauga Brand
in 32nda strength Limits length and No.
limits to 9,
to tong
Hoaders
Tuboa
Bolta

Certified thut the particulnrs ontered herein ara correct and that tho parta and (ttings men-
tioned abovoe have boon usod In thoe constructlon and Gttings of tho Hconomigar.

"The particulars ehown against the vurious parts usod are in wecordance with the Malker’a certi-
flcates In our possession.

The derign of the oconomiser in section and ond view with prineipal parts fully dimensioned
is that shown in deawing No. Tho Economiger has been designod and cons-
tructed Lo comply with the Indian Boilor Rogulations for a working of Iba.
por aq. in., at our Works abovemontioned and tho sections satisfactomly withstood a water test
of lha. por aq. in, for minutes on day of

in the prosence of our rosponsiblo representative whose

signature s appended horoundor.
Dosignation of Makor
Bignature of Engineer who witnessed the test.
Dated at thia day of 19
Biguature of the Inapecting Authority.

Norn.—The drawing of tho Economiser and Makor‘s cortificote of manufacture showing resulte
of testa for tensile strength and elongation must accompany this certificate and If the economiser
haa beon built undor tho supervision of an Ingpocting Authority thoir cortificate in Form VIT must
accompany.




FORM IX

(REGULATION 528)

INDIAN BOILERS ACT, 1923

BOILER INSPECTION DEPARTMENT
ECONOMISER
REGISTRY NUMBER

i —

Memorandum of Inspection
OR
Registration Book
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MISCELLANROUS
Diptrict
Owners
Addresn of Factory
Nearest Railway Station
KEoonomiger Regiatered at on
Register Book No. page
Regiatry Number verifled on
Approved Working Pressuro 1bs.
Economiger Rating Inspection fee
Rogisiration boolk filed at on
Romerks on transfer ete.
PROVISIONAL ORDER AND CERTIFICATE RECORD
Date of Date of | Certifionte | Poriod of | Working| Eecono- | Remarks
Fee payment inspee- No. and Cortificate| pressure | miger and )
tion. date Reting  |inspector's
initial

Type of 0CONOTNISOT 44 v vt t v v ettt it e ettt aaaanr sttt t e tanaaseraans
MakoT svvvesvennninnnas e e e et e e et Ve
Tntended Working Presalra .. ... ..ouuuuiiteuintenisiaarss ot tetereritiaiinnnensnraens .
Place and Year of MAKe. ..ttt n et iaiat ot a s vaens

Mekor’s No.

Deseription of Economisor ........ ..ot fev it et arnennas .
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No.of tubes. . .........- et e Longth................ Dia.........och -
1)1 A P
Internal dimiemBIOTE .. v .o oot vt o vttt e et e e e e
No. of Headora .. vv. it ettt et i av e am e ra e e i s
Thiokness of TIeAdorB. . ... ...\t ittt ettt ittt iai it s s s ettt iasararararanse
Length of Top Branch Plpo...............ccocoviiiiii, Thickness ......ovveiiiiiianes
Length of Bottom Branch Pipe ................. ... . .... Thicknogs ............c...0uen
Dimangions of 6ap 0Penings .. ...t e i .
Diametar of cap Dolba ... o e s
MOUNTINGS'
No. Diametor | Type |Position | Muterial
Roliof VAIVE . ouvine i iiiiiiiinnesranaaineneisieeee]inenenad]iniins .
BtopValve ...........iviiniiinrvniininenafoaninciiniicin]ine oo
BlowDOWn ....vvvineicreasiiniiaariinieinalinnnnnas B PR RN Ceiaeas
ThermometoTrs .. .uoeiivnneecnnriiiirniiisfoevananiores]onnarveafeersreaafoaaiis Ve
BT TS 1 T P
Additional FibtIngs ..o ouiet i e e e e e
MAEKERS, CERTIFICATES
Name of Maker ., ..o iiviiiiiiiienannnnnanss Cer e Cereereiariaa s Ceraaaeaes
Maker's Hydraulie Teat Prosaure. . ..., ..o riiiieiinan et attiaaaca e
Maltor's Deawing Now. oo it it i it i ittt s it as s et ten s v rra e e
Name of Inspecting Authority ........ v e e e e s
Name of Maker of Materivl ................00cnets v R b e
o O
Procens Heodera ... . o i e .
LBolte .......... b e e e .
Teat Roaulta

‘Tabes T B

Hoadora T B

Pipea T R

Bolts v B

¢4 Sulphur,
% Phoaphorus

Makora Ydontification Marks
Position
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797

OALCULATIONS

HEADERS

TUBES

BRANCH PIPE3

BOLTS
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[Part T

HEATING SURFACE

Total Heating Surface .
Economiser Rating

Calculations made by

Caloulations checked by
Least pressure, that for
Approved working pressure

Chief Inspector's remarks and signature

INSPECTOR'S

submittod on

on
Iba,
Iba,

NOTES
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‘ FORM X
No. [Rogulation 525(e)]

Counter foil

PKOVISIONAL ORDER UNDER THE INDIAN
BOILERS ACT, 1923
Name of person or firm to
which provisiona! order is
granted.

Deroription of Economuser

are hereby permitted to use tho

Economiser RY No. and
Makers No. Economiser Rating made by
and boaring Makers’ No.
Rating. at & maximum pressure of Ibs. per aq.
in./maximum tomperature of °F. pending
the issue or refusal of a certificate within six
Prossure permittod months from the date hereof after which period
this order will becomo void.
Period
Date
Dated al this day
Inspector
INSPECTOR.
FORM XI
-Boiler Inspection Department.
CERTIFICATE FOR THE USE OF AN ECONOMISER
(Regulation 530)
Registry Number of Economiser Type.
No. of tubes,

Number of Headers,

Economiser Reting. Place and year of manufacture
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Name of Owner.

Bituation of Economiser

Repairn,
Ramarks.
I/We hereby certify that the abovao desoribed Economiser is tted, by me/Chief "Inspector
under the provisions of Seztion of the Indien Boilers Aot, 1928 (V of 1923) to be
worked at & maxjimum preasure of Ibs. per aq. in.ax\uimum temperature of *F.
for the period from
The loading of the relief Value ir not to exceed—Ibs.
Fee Rs, pald on
Dated at
This day of LI
COUNTERSIGNED
INSPECOTOR I
CHIEF INSPEOTOR

REVERSE OF FORM XI
COONDITIONS

(1) No ntru_ctuml alteration, addition or renewal shall be made to the Economiser Iwithout
a written permission from the Chief Inspector,
(2) This certificate shall conse to be in foree —
(a2) on the expiry of the period for which it wes granted, or
() when any accident occurs fo the Eeonomiser, or

(v) when any structural alteration, addition or rencwal s made in or to the Fconomiser,
or,

(d) if the Chief Inspector in any partioular ease so directs when any atructural alteration,
addition or renewal is made in or to the Economiser, or

(e) on the communication to the owner of the Economiser of an order of the Ohlef T tor
or Inspector prohibiting its use on the ground that it is in a dangerous condition.

(3) The Economlser shall not be used at a pressure greater than the pressure/temperature
entered in the certifloato as maximum pressure/temperature nor with the relief valve set to pressure
temperature exceeding such maxirnum prepeurc/ternperature,

(4) The Eeonomiser shall not be used otherwise than in a condition which the owner reason-~
ably believad to be compatible with safe working.

N.B.—Details regarding this Fconomiser are recorded in a Registration Book No. of
which & copy may be obtained on payment on applinntion to the Chilef Tnspeotor.

N.P. DUBE,
Secretary

Central Boilera Board.
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APPENDIX A
DIAGRAMS OF RIVETED JOINTS WITH FORMULZE

SINGLE RIVETED JOINTS
LAP JOINT. ONE RIVET PER PITCH

“'Fm‘ 1 Max. Pitch =1-31 xT--1-625 . Eqn. (11)
100 (P—D)
Plate % =——— e )
P
)
i
l*' Rivet % = - - ” (3)
¥ PxTx8
c-el
4
: E =1-5xD . . . Reg. 184
Fig. 2 SINGLE BUTT STRAP. ONE RIVET PER PITCH
Max. Pitch =1-53x<T+41-628 . . Egn. (11)
h 100 (P—D)
N— Plate 9, r=—w—ou-v . . . . (D
P
-+
:‘*:’_ 100 x A 8,
Rivet %,  =————or . . ” (3)
e ° PxTX8
>+ E —1.5xD . . . Reg. 184
Burr StRAP =1-125 XT . . « Eqn. (b)
Pic. 3 DOUBLE BUTT STRAP. ONE RIVET PER PITCH
Max. Pitch =1-75xT+41:625 . + Eqn. (11)
" 100 (P—D)
w2 Llate % —— . . ., @
[ ] P
]
Ldkd
o~ 100 < A X1 8758,
Rivet % = . . » (3)
.4 PxTx8

E =1 6%D . . . Reg 184

BUTT STRAPS == +625 X T . . . Egqn, ()
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DOUBLE RIVETED JOINTS
Fia. 4 LAP JOINT. TWO RIVETS PER PITCH
Max. Pitch =2-62xT-1-625 . . Egn. (11}

}

100 (P—D)
) Plate %, = 3] (2)
+ P
»
:, ": 100 X A X 2% 8,
") Q#. Rivet % e . v 3
+ 1 PxTx8
!
. ' = 33P4-67D . . < (12)
E =1-5xD . . . Repg. 184
Fie. & LAP JOINT. TWO RIVETS PER PITCH
Max. Pitch =2-62xT-1-625 . . Equ. (11)
100 (P—D)
% Tlate % T )|
P
4+
»
; +: 100X A X 2 X8, |
Rivet 9 —=———-— . . o, {3
t;_" ;: ° PXTxS
U
' =2xD . . .. .1
]
E =1-5xD | .+ . Reg 184
¥ig. 6 SINGLE BUTT STRAP. TWO RIVETS PER PITCH
Max. Pitch —=3-06xT-1-625 . . Egn, (11)
100 (P—D)
# Plate 9, = . .o (2)
' P
'
+'++ 100 x A x 2% 8;
y ! Rivet %, = . .o (3
it + PxTx§
$14-
) + R -g — '33P+ '67D - ] L} [1] (12)
. E =1:5xD .. . Rep. 184

Burt StRAP =1-125XT . Egn. (D)
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DOUBLE RIVETED JOINTS

SINGLE BUTT STRAP. TWO RIVETS PER PITCH

Max. Piteh =3-06xT+1-626 . . Enq (1)
100 (P—D)
Plate )] @ =——— . . ., (2
P
100 < A2 x8;
Rivet %) =——m——— . ., (3
PxTx»8
=2x D »o (13)
E =1-5>D e « .+ Reg 184

Burr Strar =1-125xT . . . Eqn, (5}

SINGLE BUTT STRAP. THREE RIVETS PER PITCH

Max. Pitch =4-05xT+1-625 Eqn. (11)
100 (P—I)
Plate 9, —_— . O 2)
]_)
100 X A% 3 x5,
Rivet %, — ——— - w 3y
PxTx8
100 (P—2 D) 100x A XS,
Combined 9, = + ” {4)
P PxTx8
=-2P+1:156D . v (14)
E =1-5xD . Reg. 184
(P—D)
Burr StRAP =1-125 T X . Egn. (8}

(P---2D)
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DOUBLE RIVETED JOINTS
Fo. 9 SINGLE BUTT STRAP. THREE RIVETS PER PITCH
Max. Pitch =4:05xT}1-625 . . Eqn. (11)
. 100 (p—D)
Plate 9y =——" . . . . (2
-4 4+ P
’ *" + 100 A X 8 x B,
Rivet 9, = . « n ®3)
* +" 4’ +‘ PxTx8

_ll w agl

'
4' + 100 (P—2 D) 100xAXS,

* *'+ + Combined %, = b ! SXTxS . (4)

R =-33 P+-67D , . . ow o (12)
or 2 x D whichever is greater »  (18)
E =15xD . . . Reg. 184
(P—D)
Burr StRAP =x1:125TX ——-———  Hgn. (6)
P—2D)
Pre. 10 DOUBLE BUIT STRAPS. TWOQ RIVETS PER PITCH
G,
Max. Pitch =3-5xT-+1:625 . . Equn. (11)
100 (P—D)
Plate %, e )
M P
1
P
|

» ¢.+ 100X Ax2x1-876 %8,

* I * Rivet %, ve (3)
n PxTx8
FAAS

) ' R =-33P+--67D » o (12)
E =1-6xD .+ . Reg. 184

Bourr STRAP =028 T . . . Eqn. (7)
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DOUBLR RIVETED JOINTS
F1a.11 DOUBLE BUTT STRAPS. TWO RIVETS PER PITCH

Fig. 12

Max. Pitch

Plate %,

Rivet %,

R
E

BUTT STRAPB

=3'6XT41-6256 . . Eqn. (1)
mlOO (P—D) e
P
100X AX2X1-876%8; ., (3)
PXTxS
-2 XD . . . »  (18)
m1'5XD . . . Reg. (184
=626xT . . .ZEqu ()

DOUBLE BUTT STRAPS. THREE RIVETS PER PITCH

Max. Pitch

[ "4

+4
i
+i4
+l+

4

4

.'+.¢

Rivet 9%,

Combined %,

R
E

BuTT SrBAPS

w4 63X T-+1:626 . . Eqn (11)

100 (P—D)

———e . . (@)
P

100 A x3x1-875 %8,
PxTx8

100 (P—2D) 100X AX1-87T5% 8,

- + 1:(4)
P PxTx8

=-2P+1-15D. . . n o (14)

oel:5xD . . .Reg 184

P—D)

== §2T X —————= . EqnJl (8)
(P—2D)

—

»  (3)




Fig. 13

Fia, 14

DOUBLE RIVETED JOINTS

DOUBLE BUTT STRAPS. THREE RIVETS PER PITCH

Max. Pitoh =4-63xT+-1-625 . Bgqn. (11}
100 (P—D)
Plate % e wo (2)
P
100> A X3X1-875X 8,
Rivet % = EH) (3)

PxTx8

100 (P—2D) 100X A %1876 8,
Combined 9%, -+

—_

P PXTXS ()
R ='33 P*I—'67D IF] (12)
or 2% D whichevor is greater ,, (13)
E =16xD . Reg. 184
(P--D)
BuTT 3TRAPS  ='625TX — Eqn. (8)
P—2D)
DOUB LE 117% 71714 «1 NQUALWIDTH
TWO RIVETS PER PITCH
Mex. Pitch =3-6XT+1625 . Eqn. (11)
100 (P—D)
Plate % =— ] (2)
r
100 AX 18768,
Rivet % =n —_— 73 (3)
PxTx 8
R =-331P+ 67D » (12)
E =1:6xD . Reg. 184
BurT STRAP =75 T . Eqn. (9)
(WIbE)
BuTr SrrRap =625T » (10)

(NARROW)
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Fig. 18

DOUBLE RIVETED JOINTS

DOUBLE BUTT STRAPS OF UNEQUAL WIDTH

-+

e e W

4

- wm— TR gum vem

e

TWO RIVETS PER PITCH

Max. Pitch =3 5xT-+1-625 . Eqn,
100 (P-—D)
Plate 2/ —_ .
‘P
100X A X2 8758,
Rivet; OA) = - ¥
PXTx8
R =3 X D ' L E]
E =]1+5xD . Reg.
Burr StR4P =75 T . Eqn,
(wIDm)
Butr StRAP  ='625T '
(NARROW)

Ly

(2)

(3}
(13)
184
(9)

(10)

DOUBLE BUTT STRAPS OF UNEQUAL WIDTH

THREE RIVETS PER PITCH

Max. Pitch =4 633 T--1620 . Eqn.
100 (P--D)
Plate % _— - .
P
100 X A X4 75X 8,
Rlvﬂt % B — '
Py T xS
100 (P—2D) 100X AXS,
Combined %, = + ”
P PxTx8
R =-2P4-1'15D . . .
E =1-5xD - Reg
BuTT STRAT? =75 T Eqn,
(WIDE)
BouTtT STRAP  ==6267T . . . "

(NARROW)

(11)

(2)

(3)

(4}

(14)
184

(9)

(10}
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DOUBLE RIVETED JOINTS
DOUBLE BUTT STRAPS OF UNEQUAL WIDTH

THREE RIVETS PER PITCH
Max. Pitch =463 xT4+1-625 . . Eqn. (11)
100 (P—-D)
Platﬁ % —_—— LH] (2)
P
].OOXAX4'75XS1 . ” (3)
Rivet 9, = .
PxTx8
100(P—2D) 100X A xS,
Combined % =z {' » (4)
P PxTx8
R == 38P+4-67D . . g (12)

or 2xD whichever is greater ,, (13)

E =1-6XD . . . Reg. 184
Burr StRAP =76 T . . . Equn. (9)
(WIDE)
Burt StRAP =-620T , »  (10)
(NARROW)
TREBLE RIVETED JOINTS

LAP JOINT. THREE RIVETS PER PITCH
Max. Pitoh =3-47xT+1-6256 . . Egqn. (11)

100 (P—D)
Plate 9, e a— . « o (2)

P

100 A3 x 8

Rivet %, —_— . . .3
PxTx8 )
=-33Px-67D o .o (12)

E =1-6xD . . + Reg. 184
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Fia. 19

* 4
AgS S 4

¥Es

[

Fia. 20

TREBLE RIVETHED JOINTS

LAP JOINT. THREE RIVETS PER PITCH

Max. Pitoh =3-47TxT41-625 . Eqn.
100 (P—D)
Plate 9, —_— .
P
100x Ax3x 8,
Rivet ¢, = . . m
PxTx8
R =2 x D . . . . 1
E =1'5XD . Regn

LAP JOINT. FOUR RIVETS PER PITCH

Max, Pitch =4-14xT+1 625 . Eqn.
100 (P—D)
Plate 9, e ., c »
) id
100X A x4 xS,
Rivet ./0 == . ”»
PxTxS

100 (P-—2 D) 100X A XS,
Combined 9, = }

P "PxTx$
R =:2P+1-15D . . "
E =1:6xD . . . Reg,.

(11)

(2)

@)

(13)

184

(11)

(2)

4)

(14)
184
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TREBLE RIVETED JOINTS

MNa. 21 LAP JOINT. FOUR RIVETS PER PITCHY
Mux Pitch =4-14xT+1-625. . Equ. (1D
Mﬂ" o 100 (P--D)
Moo, ey

444 :
P | 100X Ax4x8,;

' RIVOt 0/6 e . 1 (3)
l’ PxTx8

100 (P—2D) 100 xAXS, .. (4)
Combined 9, = o

1
PxTx8

|
—

2 dh 28 2 s

re
-

R =33 P-L-67D . . » (12)

or 2 D whichever is greater ,, (13)

E ==1-5xD, . . Rog. 184
F1q, 22 DOUBLE BUTT STRAPS. THREE RIVETS
PER PITCH.
Mox. Pitch  =4-63xT+1-626 . Eqn. (11)
e 100 (P—D)
SRR Gas— D litc 7 —_— - (2)
1 3 P
!
+_++‘_’+ 4_ 100x A x3x1-876X 5,
; _’_ ] Rivet 9 =
* *..’_ * * PxTx8
R A S R _33P+-67D, Ca (2
4+ + E =1:6xD . . . Reg. 184

BuTr Srrapy —=026T ) . Equ. (7)
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TREBLE RIVETED JOINTS
Fra 23 DOUBLE BUTT STRAPS. THREE RIVETS PER PITCH.

#_—;—h_ Max. Piteh - 4 63 <I+1-625 . . Equn. (11)
S
4 ¢ *E* L 100 (P—D)
:"**:¢¢ & | Plate o = > . (2)
§r AR 1:
* rs *.*_ * & Rivet o ;100><A><3><1-875><S1' R
PxTxS
R =2xD. . . . , (13
E =1-56xD . .+ Reg. 184
Borr Srraps  —=-625 T . Eqn. (7)

Fia. 24 DOUBLE BUTT STRAPS. FOUR RIVETS PER
PITCH
Mux. Pitch —b5-52xT+1-626. . Egn.(11)
100 (P—D)
Plate % =—— (2)

100x A x4 1-876x8;

| ’_ Rivot o = . (3
L I 4 Py T A8
04 *l* 100(P—2D) 100 XA x 1-875 xS,
' * '] + Combined 9%, = +
P ' ’ P PxTx8
! + | 1
MRS B . » &)
L R I —-2PL1-15D . ., (14)
[;.;. u: 4 E =15%xD . . . Reg 184
414 ¢

Burt Srraps =-626T . . . Egn (7)
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TREBLE RIVETED JOINTS
Pra, 25 DOUBLE BUTT STRAPS. FOUR RIVETS PER PITCH
Max. Pitch =5:62xT+1-625 Eqn. (11)
el aminakmatemle  P18t0 % 100(P—D) . (2)
' P
l;f + *i" *e 100X AX4x1-876x8;, , (3)
' i Rivet 9 =
> 4, 4 ’ PXTx8
! |
R I S W S 1000P~—2D) 100 xAX1-875 x5,
CRELEA Combined 9, = +
| l’ _#_ : ‘ r PxTxB
" (4)
R R L X
i R wx - 38P--67D . » o (12)
or 2 D whichever is greater ,, (13)
E =1-§xD . N . Reg. 184
ButT STRAPS = -625 T . Egn. (7)
Tic. 28

P

ﬁ Qrﬁ ¢ 4
.Q.

u” . *:0 >
Poptit ¢
¢,+
+7° h# +

DOUBLE BUTT STRAPS. FIVE RIVETS PER

PITCH
Max. Pitch ] =6xT+1-625 . » Eqn. (11)
100(P—D) . . N )]

100} A x5 x1-876 %85,

Rivet %, = »  (3)
PxTx8
100(P—2D) 100X A X1-876x8,
Combined %, = -
P PxXTx8
» ((4)
R; '—‘-‘='2PX1“15 D - . » (14)
R, =-185P x 67D w  (18)
E =16xD . . Reg. 184
(P—D)
BurT STRAPS =026 T X Eqn. (8)

(P—2D)
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TREBLE RIVETED JOINTS
Fo. 27 DOUBLE BUTT STRAPS. FIVE RIVETS PER PITCH

. 5. A

Max. Pitch =6XxT41-625 . . Eqn. (11) ]
100(P—D)
Plate 9, e ——— » (2)
P
100X AX5x1-876 X8, .
Rivet 9, = » 3)
PxTx8
100(P—2D) 100xAx1-875x8;
Combined 9;, = }
P PxTx8
n (4
R =-33P-+-67D . . (12)
or 2 D whichever is greater ,, (13)
R1 =2 XD . - - - ” (13)
E wm]l-5xD . . . Reg. 184
ButT STRAPE o - 625T X ————— + Eqn.(8)
(P—2D)

DOUBLE BUTT STRAPS OF UNEQUAL WIDTH
THREE RIVETS PER PITCH

Max. Pitch § =4-63xT+41-626 . + Eqn. (11)

100(P—D)

Plate’ 9, _— n (2)
P

100 x A x4.75 X8,

Rivet %Y = » 3)
PxTxS
R =-33P4-67D . <o (12)
E =1-6xDJj . . . Reg. 184
Borr 8tRAP —-75 T P » Egn. (9)
(WIDE)

Burt STRAP =625 T . . « o (10,

(NARROW)
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TREBLE RIVETED JOINTS
DOUBLE BUTT STRAPS OF UN EQUAL WIDTH
Fia. 29 THREE RIVETS PER PITCH
Max. Pitch =463xT-1-625 . Eqn., (11)
100(P—D)
Plate % =———0 . (2)
P
' 4 -}‘ 100 X A X475 X8
" + 44 Rivet 9, — - e
.¢ .‘ 49 ¢ PXTx$
'E R* R =2xD . (13)
o 44
E =1-5xD . Reg. 184
Burr StRAP = -76T Eqgn. (9)
(WIDE)
Burr Strar =-625T, »  (10)
(NARROW)
Fic, 30 DOUBLE BUTT STRAPS OF UNEQUAL
WIDTH FIVE RIVETS PER PITCH
Max. Pitch =6xT-+1-625 Egn. (11)
M 100(P—D)
’ , Plate v, =S » (2)
| : 1 P
L4
4 * 4 |4 100 5 A X 858,
i | Rivet © = ()
'y | ¢ ivet 9 ”
| | i PxTx8
® |, e
R A I 100(P—2D) 100 x A xS,
4l /4 | Combined % = | » (4)
il o SR TS P PxTxS
t & |
| R =-2P41.156D . , (14
R S 2
E =1-5xD . . Reg. 1849
Butr StRAP =756 T . . Egn, (9)
(wE)
Burr STRAP ='625T. y, (10)

{NARROW)



() (ii) (iii) (iv)
(s8¢ Note 8)

Nominal thickness of test piece

8/8 in.
Up o0 but not including 8/'8 in. and
thicker
|
in. L. in., in.
Widsh . W i 1| 14 (max) ]g(max.)
Gauge length . . a 3 4| 8 .
Paxallel length (minimum) . P 2“ 41| 9 9
Radius at shouldor (minimum) . R 1 I I 1
Approximate total length . 8 121 18 18

When the width of the material to be tested 1s insufficient to permit of the pre-

paration of the standard tensile test piece, a piece of the full width of the material
may be used.

i
f— #

Norme,

1. For some matarials it 18 conveniont to use atraight parallel test pieces. .
4. For certan non-forrous etals it i gomelimes convenient to use the standsrd test pieca
Shat haa & widsh of § 1. and & gauge length of 2 in. for thickness exceeding } in,

3. A test piece of the dimensions given m Col, (sit) for material under 3/8 in, nownnwl thick-
nasas is intended for ferrous metals only.

Test Piece A,

2, In tensile tests on special shoet and strip materials (e.g., steel used for deep
pressing operations) the following alternative test piece may be used.

,—*——‘Uln gavge lenglh
[d

ot B o™ S s sy
5 Yin
‘--—--u---{' I }—-———1
fnredy. o gin mu\%aﬂlld kngth lin rad
Sin
Fig. 8
BRITISH STANDARD ROUND TEST PIECES
Test Piece B

4. Chietly for unmachined rods and bare not exceeding 1 in, diameter (exclud=
Ing cast metals),

e 3



Cluuge Length G=8D
Leneth between grips P to be not less than 9 D

Afl Lest preces of form B are strictly § nnlar and for the same material give the
sumo percentage olongat’'on. Thev pive elongation figures nearly the same as those
of standard flat test pieces 8 ju n gunge length, 1} in. wide and £ 1u. thick.

Nore. ~When tengile tosts nre nnde o0 unmachined square and hexagonal havy (chludmg

caat metals) the guuge leugth shinll ho B tinea the digtan e between the flats and the lengt
boewoeen the grips shall be nob leas than 9 times the distance hotween the flate,

Test Piece B,

4. For rods 1d bars over 1 in. dinmeter (excluding cast metals),

|

. ,a-u—--

|
¢ —— B

Gange loneth G—4 D"

Longth between grips P to be not less than 445 1)

Test Piece C
5. Machined Round Test Picce for genoral PUrPOHeN,

e A

1
1
b

——k

-'aoL——D-h

Tl
/

Ng &

Guauge length (=2
Purallel length P to be not less than 2} in
Diameter D=0'564 n.
(‘ross-sectional ares A=} square m.
Radiue at shoulder=4§m mimimum for wrought metals and 24 m. mmimum
for cast metals,
Subsidiary Standard Round Test Pieces
8. Machined Test Pieces for general purposes {excludimg cast iron),
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N |
) 1
i |
— 0 ]
* |
] » G ?\—- -
\ lJ——ro-—— p — /
Fig. 6.8
Nar
(roys-sectional Arcn A= ——e——
4

Gauge longth (¢ —44/8=3"54D.
Parallel Innrth P=9:8 G mivimum =3+98 D munimum.
Radius at shoulder for wrought metals-=( /4 muimum.
(088 1 mintmurm).

. A ..
Radius at shoulder for cant metals = —1 - minimuni.

(4740 D nunymum).

Al tost preves couforming to the above dimensions are similar to Standard Test
DPiceo O with corvespouding shouldey radius, and give the same perecntage clongation
us Test Piove (0 for the same material.

Rocommended dimensions for Subsidiary Standard Round Test Pieces are tabu-
latad Lelow. Standard Test Pieco ¢ (0564 1n diameter) 15 inrluded for comparison.,
Any test pieco, however, in which the diametor s not less than 0-125 in., and the
di.nensions of which conform to the subsidiary ftandard forin, is recognised as a sub-
sidinry standard test poco,

[‘ i Renclios wy shoul 1 R N
[QUITES \ Parullal {mumurm)
Diwmotar D qertional G ‘ leapth T L —
- ats A Jl length G (munimum)

| | I Wronght Cast

‘ | . metal matal

‘ |

\
. 1. . ur. mn. w,

1128 10000 404 ‘ + 50 1-00 5.00
0077 - 7500 318 380 084 4,30
- 708 0 3000 282 HEN B 070 3.50
0 564 02500 2400 225 0- a0 2.50
0-424 0-1412 L a0 -G 037 }.85
0- 349 0 1250 1 4L 1-58 0-86 1.75
03567 | 0- 1000 L-26 1 42 0-31 L.568
(- 282 0-0625 1-00 1-12 | (- 25 1.25
U226 0-0400 0+ %0 090 020 1.00
0-1ab 00200 0-54 0 63 0-14 0.70
0123 ‘ 0-0122 0-44 0-n0) 0-11 035

|
!
|
|
i
i
|
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APPENDIX C

List of Inspecting Authorities recognised ay competent under Regulation 2 (h)
of the Indian Boiler Regulations, 1950.

No. Namen
1. Lloyd's Register of Bhippmg, Londou.
2. The Ovean Accident and Guarsntes Corporation Ltd., Loudon.

The Authorized Boiler Testing and Inspection Association, (Praha)—Prague (Czocho-
slovakia).

4. The Seottish Boiler and Genoral Insurance Co., (Hasgow.

f. Mesars. Kennody and Donkin. Consulting Engrs., London.
#. The National Bouer and (GGemeral lpsurance Co., Manochester,
7
B

bl

Tha Vulean Boiler and Gencral [naurance (o., Tutd., Manchester.
The British Engine Boilor and Flectrical Insurance (o, , Ltd., Manohester.

9. Messrs. Preece Cardew & Rider, London.

1. Megars, Eagle Star lnsuranco Co., Ltd., London.

11. Bureau Verites, Internationsl Registor of Shipping, Paris.

12. TInsurance Engineers, Ltd., London.
-13. The OQcean Accident and Guarantoe (‘orporation, Litd., U.S.A., New York.
14. Tndia Store Dept., London.

15. Meaars, Merz and Melellan, Consulting Engmaoers, Englund,

16. Meusrs, (Rendel Palmer and 'Tritton, Congulting Tnginee™s, Englamd.

17. The London and Lancashire lusurance Co., Ltd., Englaad.

18, Chief Tnapector of Bouers, Assam.

19. Chief Ingpector of Boilers, Wost Bengal.

20. Ohief Inapector of Boilers, Bihar and Oriawa.

21, Chisf Tnapector of Stenm Boiders, Bombay.

22, Chief Imapector of Boilers, Madhys Pracdesh.

23, Chief Tnmapector of Boilors, Delhi and Ajmer.

24. Chuef Inspector of Steam Bouders, Meadras and Coorg.

25. Chief Inspector of Boilera, 1'unjah (I)

26, Chief Inspeotor of Boilers, Uttar T'radesh.

27, Chief Inspector of Boilers, Department of Labour, Sydney, New South Wales,
Australia.

28. Chiefl Inspoector of Boilers, Mines Department, Melbourne, Victoria, Australia.
29. Chiefl Inspector of Machinery, Brishane, Queensland, Australia.

30, COhief Tnspector of Machinery, Mines Department, Perth west A ustralia.

31. Chijef Inapector of Machinery, Hobart, Tasmanis, Austealia,

32.  Chief Inspocior for Factorios & Boilers Department, Adelaide, South Australia.
33. American Employers Insurance Company, Masa.

34, Employers Liability Assurance Corporation Limiled, Mass.

35. Mnutual Boiler Ingurance Jomypany of Boston, Mass.

86. Columbia Qasualty Company, New York.

47. London Guarontee and Accident Company Limited, New York.

38 Thenix Indemnity Company, New York.
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APPENDIX D

Proof Test for Oreep Quality of Oarbon Steel plate of Boiler Plate Qaality
SPECIFICATION
NATURE oF TEsT

1. The test shall consst of a tensile crecp test carried out over a period of
at least 48 hours at a temperature of 450°C. and with a stress of 8 tons per sq, in.
Under these conditions the slope of the chord to the crcep curve between the 24th
and 48th hour shall not exceed 50 x 10-8 strain per hour.

CoNDITION OF MATERIAL

2. Tho test shall be made on the material in the normalised condition. The
normalising temperature shall be bewteen 875°C.—9256°C., and the plate sample
shall be maintained at the normalising temperature for one hour per inch of thickness
and cooled freely in still air.

TEMPERATURR OF TSET

3. (v} Temperature measurement.—The temperature of the specimen shall be
measured by thermocouples suitable for the temperaturc specified. Two thermo-
couples situated one at each end of the gauge length shall be used in tho cuso of
test, picces having gauge lengths up to 2 in., and for longer gauge longths an additional
thermocouple situated at the middle of the gauge length shall be used.

Thermocouples shall make good thermal contact with the test picce and be
protected from the direct heat of the furnace by heing covered with asbestos tape
or equivalent insulation,

The cold junetion shall be maintained at a known temperature which shall be
registered by a mercury thermometer. Alternatively, a suitable means shall he
provided for correcting nutomatically errors in reading due to changes 1 tempers-
ture of the cold junction.

(b) Temperature control.—The two (or threc) thermocouples specified in clause
3 (a) shall agrce with one another within 3°C. and the average of thesc readings
shall be taken u# the test temperature whicl shall not vary from 460°C. by more
thand- 2°C. thronghout the test,

Bither a continuous record or sufficient readings of the temperature shall be
made to indicate that the temperature conditions have heen sutistactory.

(0) Heating yeriod before loading.—Tho ypecimen shall be maintained at the
specified temperature for at least an hour prior to the application of the load,

STrRESS

4. The load required to produce the specified stress shall be gradually applied
without shook during a period not excecding five minutes and the stress shall be
accur te to-£24 per cent.

SENSITIVITY OF STRAIN-MBPASURING EQUIFPMENT

5. Tho sensitivity of the extensometer must be such that straing can be mea-
sured 1o the nearest 0-00002.

READINGS

6. A sufficient number of strain readings shall be taken clearly to define the
creep curve up to 48 hours, and the chord slope shall be measured from o chord
drawn hetween points on the ourve at the 24th and 48th hours.
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Rerrar TEsT

7. [f the material fails to pass the test, but tho chord slope does not oxeeed 60
10.8 glrain per hour, a re-test may be mude at the request of the manufactwer
und shall be accepted if watisfactory, or at the Inspector’s discretion u pass test at
a stress 5 per cent less than that specified may be accepted.

APPENDIX E

STANDARD PIPE FLANGES.
Pipe Flanges
(For Land wuse)

TaBLE D.—For WORKING STEAM FRESSURES Ub T0O 50 1,Bs.

(This tablo does not apply to boiler feed prpes, o1 to other water pipes

subject to exoeptionafshovks.)
TapLE ¥,.—For WoREING S1#AM PRESSURE ABOVE ) LB5. AND UF TO |00 LB,

PER SQUARH 1NCH.

T Thickness of
[ lunge.

Jl)mmeter Number and _————— e e —_
Nomunal of Diameter] Diameter of I Stamped or
Intl. | Flange | of Bolt | Bolts (Off contre | Forge | or
Iha. of Cirelo. 1nas) [T Onat St el and Weoineht
Pipe Trou Bronzu | Trou or Stosl

(See Notes)
Upto| Upto | Up to Upto | Up to Upte | Up to | Upto \Upto
501h, 50 1b. 50 1b. 100 1b, a0 Ib, 30 1h 1040 1b. 50 Ib. {100 1b.
100 1b. | 100 b, 100 1
In. Tu. In. In. In.. L. In. In In.’ Tu
1 w 2-5/8 4—1} | +—} 3 3/H 3/8 3/10 1
Py 4 2-7/8 » »” 1 3/8 3/8 3/16 1
1 31 " Y 3/4 3/8 3/16 /32
14 4# 317/10 ” I 5/4 by 4 ! 5/16
1% ‘J: 3-7/8 " ” Ald ) 4 i 11/32
2 4} 4—5/8 |4—5/8 |} 9/10 0/10 LA 3/8
24 6)4 A ” ! i 9/14 a/10 a/lb 13/82
3 7} b * " i 410 9/18 /8 7/16
34 8 ﬁi » 8 -o/% | § 9/16 9/16 38 15/82
4 Ry 7 ” " 78 16 | 1118 | 38 3
"4} 71 8—5/8 | " 7/8 16 | 1118 | 716 1
i 10 L " " 7/8 1116 11/16 ! /16
6 11 el " H—1 7/8 11 16 11/14 4 L1/16
7 12 104 " ” | 3 F ] 3
8 134 11} ” " 1 2 3 3 §
9 144 ax ” 12— |1 ] 13/16 | A8 13/16
10 18 14 8—4 ! 1 1 7/8 h/8 7H
*11 17 16 ” " 1-1/ 7,8 15/14 5/ 15/16
12 18 16 12—1 | 12—7h | 1178, | 7/8 ! L) ]
*13 | 19 17} ” » s s 3 !
14 20 18} 12—7/8) " 1t i ’ i i 1
15 214 104 ” ” 1] 1 1 3 1
18 22§ 20} ” : 1] 1 I 3 1
*7 |2 213 " " 17y -1 1-1/8 7 8 118
18 25} 23 ” 16— 17/8 138 L L o178 7,8 1-1/3
*19 26} a4 ” ” 1-3/8 1.1 & 1) 7/8 14
20 273 254 16—7/8) 14 1] 1} 1 14
21 20 2604 ” 16— | 1} 11 [1- ‘/ 1 13/8
*22 | 30 274 16—I1 o 11 17 | 1-3 1 1-3/8
*23 R 28 " ” 1-6/8 1-3 % ! lel,8 1-3/8
24 | 324 29 " " 158 |13 ’ 118 11}

"800 Notes at end of T bles regarding these, also for other partienlars.



' Pipe Flanges
(For Land use)

Tanrr T ——Wor WoRRInG STEAM PRESSURES ABOVE 100 1.Bs, AND UP T0 150 1.Bs.
FER SQUARE INCH,

Tante H.-. -For Worki1NG STEAM PHENSURES ABOVE 150 LB AND UF TO 25() LEs.
TER YQUARE INCH.

\ -

Thickness of Flange

Nominal lotl Diigraeter | Diameleor [Nnmber and DismeteT Cugt  |Cosl Steel and Bronze
Dia. of Pipe of Flange | of Boll of Bolts (off contre Iron Btewl (stoampod or
Circle linow) forgud) (Mee Notes)
Up to Up to Up to Up to ‘ Up to Upto | Upto
150 b, 150 1h, 150 1h, 250 th. 150 Th. 160 1h) 250 Ib,
250 b, ‘ 250 Ih. only
In. 1n. | . ] In. In. In. In. In,
150 . only i)oa; | 2.5/8 +—3 — ¥ 3/8 —
i a8 " -— $ 3/8 —
250 1h, only 4 4% 34 - %-—B/R — —_ %
i 4 3 — ' — — ¥
— e
In.
i 43 47 16 a- -G8 " 3/8 /18
14 5] 378 | " 5/8 7/10 11/16
1 M l -1 8 ‘ " 3/8 i 11/16
2 ol a \ v 3 k8 ]
2} 74 Y | B.—5/8 3 5/8
3 s [ 6} \ " % 5/8 78
3 81 7 " s 7/8
4 9 7y \ " 778 1
*313 10 Hi l B—3 7/8 1
5 il 9] " 1 8 11/8
1} 12 10} i 12— 1 7/8 11/8
7 131 11} " 1 /8 1}
8 |14} 123 A 11/8) 1 i
] 16 14 12— 7/6 11/8 1 13/8
10 ‘ 17 15 " 11/8 | 1 13/8
*11 1R 14 16—7/8 14 11/8 14
12 191 17} , " 1} 11/8 1}
*13 ‘ 20§ 18§ 16—-1 1} 11/8 16/8
14 21} | 194 " 138 | 1§ 158
15 Ty, L0} " 1-3/8 | 1} 1
16 24 21} 91 1-3/8 | 1} 13
*17 L2a) 23 " 1 1 3/8 17/8
18 [ 26) 24 201 1/8 1i 13/8 17/8
*19 " oo73 264 " 1} 13/8 2
20 |5y 20} 2a—1,0/8) 158 | 13 2
2i 30 |27} g U8 | 1) 218
%22 3l 28] " LA | 1) 2 1/8
w2y G| o2 u—14 | 14 V5 21
24 LY ) 303 { . 13 15/8 9
!

*Soo Nates nl end of Trehles regneding theke, also for flanges for pipe lines and other parti-
culary,



Pipe Flanges
(For Land use)

TaBLE J ——For WoRKING STEAM PRESSURES ABOVE 250 LBS. AND TP TO 350
LBB. PER SQUARRE INCH.

Thickoess of Flange
Nominal Intl. | Actual Extl, | Diameter of | Dinmeter of | Nummber and|Cast Steel and Bron-
Dia. of Pipe |[Dia. of Wrot,| Flange Bolt Cirele | Diameter of |  ze; Btosl (stamped
Pipe Bolts (off or forgad)
cantre lines) (See Notes)
In. In. In. In . In. In,
i 27/32 44 31 4 5/8 b4
H 1-1/18 4t 3 " 5/8
1 1-11/32 41 3-7/16 " %
1} 1-11/16 5 3.7/8 ”
1§ 1-29/32 5% 4.1/8 ” 7/8
2 2.3/8 6 5 — i
2} 3 7! 53 B— 1
3 3} 8 8} ” 13
34 4 8} 7 ” 1}
4 44 it 7% " 13/8
*a} I+ 10 8} 8-—17/4 13/8
5 54 11 94 " 14
a 04 12 10} 12--7/8 1}
" 74 13 114 ” 18/8
8 8 14 123 ” 15/8
9 9 18 14 12—1 13
10 104 17 15 ” 17/8
11 114 18 16 18—1 17/8
12 121 19} 17} ” 2
*13 14 203 18} 16—11/8 2
14 15 21; 104 » 21/8
15 16 29 204 » 2 1/8
16 17 24 213 20—11/8 21
wiv 18 265} 28 ” 23/8
18 19 26 24 20—1} 238
) 20 27 253 " 2}
20 21 28 264 24—1} 2}
21 22 30 274 ” 25/8
*0Q 28 31 284 v 2 5/8
wog 24 32y 29% 24—1 3/8 2
24 26 33 30 " 3

*Hen Notes at end of Tables regarding these, also for flanges for pipe lines and other parti-

oulars.
The actusl external dismeters of wrought pipes given ahove apply equally 10 all tables,
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Pipe Flanges
(For Land wuse)

TasLr K.—For WoRrgING STEAM PRESSURES ABOVE 300 LBS. AND UP TO 450 LBS,
PER SQUARK INCUH

; ‘ Thickness of flange
Nominal Intl. | Actual Extl. | Diwmuter of | Diamater of | Number and | Cast Stesl and
Dia. of Pipe | Dia. of Wrot. Flange Bolt Circle | Diameter of | Bronze Steel (stam ped
Pipe Bolts (off or forged)
centre lines) (See Notes.)
_ |-

In. In. In. in. In. In,

¥ 27/82 4} i 4 5/8 3

3 1-1/18 4} Ry " i

1 L-11/32 b 34 " 7/8

1 1-11/14 5} 3-7/8 " 78

1 1-20/32 ¢ 4} 44—} 1

2 2.3/8 64 B 8-—5/8 1

24 3 7 5% 81 18

3 3% 8 6 ” 1}

8% 4 9 7 8—17/8 1}

4 4} 9} 7% " 1-3/8

*gl 5 10 8] ” 1}

b 5 11 0} 12--7/8 16/8

0 ﬁi 12 10 » 16/8

1 4 134 111 12—1 13

8 8} 144 12t ” 117/8

9 9 16 14 16—1 2

10 104 17 15 ” 2

*1] 114 18} 163 16—11/8 21/8

12 12] 19} 17 » 23

*13 14 213 19 16—1} 2 3/8

14 15 v} 20 ” 2 3/8

15 18 233 211 20—1] 2%

16 17 243 224 ” 2 5/8

Norps.—-Tt iy racommended that the wuse of sizes marked * ghoulld be avoided.
The thicknes of flangs givon i tho bables include » raised faco of not more than 1/16 in.
high if such be used.

For -in. and 5/8 in. Holts the dinmetors of the holos to he 1/16 in, larger than tho diameters
the bolta, and for larger sizes of bolts 1/8 in.

Yron or Steel flanges (stamped or forped) may bo serewold or riveted on with bosa, or welded
with Allat, tho langoes boing of wteel for preasures above 150 lh. por squaro inch.

Special woldod-ou (langos (stamped or forgad) for pipe lines 2-in, nomingl diametor of pipe
and upwards (without valves or fibtings) ave made w stated below, the Hange salected in all cnees
being that givon for tha noxt amaller size of pipo in the corresponding table or as specially stetedi—

Tablo T.—For Wourking Stonm Prosaures up to 150 b, per aquere inch, corresponda with,
table F modiflad as above.

Table M.—For Working Stoan Mrogsaro abova 150 h. wixl up to 250 Ib. por square  1moh,
corresponds with Tuble H modified ns above.

Table P.- -For Working Steam Pressueod abovo 260 1h. and up to 350 1b. per square inch,
corresponds with 'Table J modified rs above.
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APPENDIX F

Transverse rupture stress (Modulus of Rupture).

The transverse strength of cast iron may be oxpressed by a figure known as the
Transverse Rupture Stregs; this figure 15 obtained by dividing the maximum bending
moment at failure by the modulus of the soction. Thus, the Transverse Rupture
Btress is the maximnm stress which would huve existed if the materinl had behaved
in acoordance with the assumptions made in the ordinary theory of bending, and
in that event it wonld be independent of the size and shape of the section. Bars
fractured in transverse, however, arc stressed beyond the elastie limit, and under
these conditions the theory of bending no longer holds good. Furthermore, the
influence of rute of cooling in cast metals is such that the Transverse Rupture Stress
of & thick bar is less than 1hat of u thinner bur of the same metul. The Transverse
Rupture Stiress, therefore, i1 not strictly independent of the size and shape of the
seotion, but nevertheless forms a conveniont way of expressing the results of trans-
verge tests without the necossity for giving full details of bar dimensions. The
formula required is obtained us follows :—

A bar supported at both ends and centrally loaded with a lond W is subject to

& bending moment WL_ 1 heing the distance hetween supports. The resistance

offered by the bar 1,y |yo expressed as fZ, f being the stross and Z the modulus of

the sectior. At factine . F hocomes the hreahing stress or Tranaverse Rupture
VL WL N o
Stress, and 7= =iZ, whenoo f ~—=" Lt W in tons and L an anches, fis in tons

per gquare inch. For a vonnid bar, Z=0-098243, where d= diameter in inches.

L: &
Since for 8 Standard ronud bar L and Z aro constant, the value z fixed,

and hence the Trausverse Rupture Stress £ — KW, where k is a constant.

The factors k for converting actual hreaking loads inte Transverse P‘,uph}re
Stresses arc givon in the following tuble both for the Standard test bars and Ui
tost bars varying within the limits of Resulation 88. ) In the same table are given
factors for converting actunl hreaking loads into equivalent breaking loads on the
bars of Standard dinmeter



Factors X for converting Actual Breaking Loads into Equivalent Breaking Loads on Bare of Standard Diameter.
X x Actual Breaking lead.)

{Equivalent Breaking ».oad on Bar of Standard Diameter =

and

Factors K for converting Actual Breaking Loads into Transverse Rupture Stresses.
{Transverse Rupture Stress in tons per 8q, in.=EK

Actual Bresking Load in Ih.)

{+-876 in. Test Bar

1-2 i, Test Bar

1.6 m. Test Bar

Dis. X K Dia. X K Dia. X K Dia. X K Dia. X K
n, in. in, in in,
. . . A . 1-50 1-214 0-00606 2:00] 1:168 000341
. - . ' oy 111 1244 0-0150 151 1-180 0-005%4 2014 1-140 0 -00336
. .. ‘s . - .. 1-12 1-230 00146 152 1-166 0-(0583 2.02 1-124  0-00331
. P ‘s g-81 1-261 00257 1-13 1-188 00142 133 1-144 0-00671 2-03 1107 0-00326
. .. s 482 1-215 0-:0247 1:14 1-1686 0-0138 1:54 1-121 000560 204 1091 0-00321
- . ca 0-83 1-172 0-0239 118 1136 00135 1:56 1-100 0-00549 2.05 1078 000317
0-56 1-230 00582 0-54 1-130 0-0230 116 1107 00131 156 1-07%¢ 0-00539 2-06 1058  0-00312
0-57 1-166 00552 -85 1091 0-0222 L-17 1-079 00128 157 10568 000529 2.07 1-044 0-00308
0-58 1-107 0-0524 88 1-083 0-9214 1-18 1052 30026 158 1-038 000519 2.08 1029 0-00303
0539 1-062 00498 0-87 1617 O 0207 1-19 1 025 0-0121 1-59% 1-018 000609 2.00 1014 0-00299
060 1:000 G-0474 -875 1-000 G-0204 120 1 Do 0-0118 1-60 1000 0-0049% 2-10 1000 000295
0-81 9+952 (0451 0-B8 0 983 00200 1-21 G875 G-0116 1-61 0981 0 -00450 211 0-886 000200
0-62 0906 (-0429 .88 0350 00193 1.22 0-5a2 00113 162 0-963 000481 2-12 0972 0006286
063 0884 O G409 03¢ O 919 00187 1-23 G329 00110 163 0-946 000472 2:13 0-958 0-00282
0 64 A.824 0 D390 .91 B33 0.0181 1-24 U506 001067 164 (-929 0-00464 2.14 0945 000278
. . . 0-92  0-860 0-0175 i-25 0-885 o-0105 1-65 0-812 0004556 2-16 0-832 0-00274
. . . 83 0-833 0-0170 1.28 0 384 0-0102 1-88 3895  0-00447 2-16 0-9518 0-00271
. . . 094 0-807 00164 1-27 0844 QG100 187 0-876  0-00438 217 0908 000267
.- .- . .. . .. 1:28 0 524 G G{8 1-68 0-884 0-00431 2.18 0884 000283
. .. . 1-29 3-8056 IR 169 0-845 0-00424 2-19 0-882 000260
- e . N . .. 1-70 0-R34 U (416 2-20 0-870 000258

[No. E 1.T1/304(40).] |
N. P. DBE, Dy. Secy. |
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