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Falrly hl~h Carlklt1 n,11I high \1111,g:iur-,e rnll. 

e t ...,r Showing Pearlíte and ~mentlte • xo (il.- emcn .,. • 
• ~laimlflcation 150 <llnmctera. 
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APPENDlX I. 

SPECIFICATIONS. 

4 
All:F:RICAN 8PECIFICATIONL 

, ... ~ ti\. -

Ta1 atandardisation of s•pecifications for steel rails, tires, axles, casti~s, 
forging~ @tructural stecl, boiler plates, &c.,

1 
has received oonsiderable 

Mtention since 1882, when ~e International A'ssociation for 
1
Te!iting 

llaterials was originated. · rs: . • , 
The American section' of thh Association was o¡ganised in 1898., and 

was superseded by the • .American Society for Testing• liater.ia.!,s in iM2, 
Tiña Society publish~ a Y~1·-Book devoted chiefly to the iublication of 
t. stándard <specifications and standard methods adopted by the Society. 

The followin_g specifications ha. ve been · a.dopted by this Socioty, and it 
will be seen that, with regard to chemical composition, the amount of 
Carbon is not generally specified when a tensile test is required, the 
percentage of constituents other than Phosphorus and Sulphur being left 
to the manufacturer. In some ca.ses, however; the .amounts of Silicon and 
Manganese are also specified. 

It has been recognised tha.t, for the same chemical composition, stcel 
produced in the Ea.sic open hearth is softer tha.n a.cid Bessemer steel, a.nd it 
is quite safe to take higher Carbons, especially if, at the same time, a lower 
percentage of Phosphorua is insisted upon. 

AllERICAN STANDARD SPEOI.FICATIONS, TEST PJEOES, AND METHODS OF TEST

ING !RON AND 8TEEL, ADOPTED BY ÜO.IIMl'lTEE NO. l, OF THE AMERICAN 
8ECT10N OF THK hTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 

The Committee recommends thé following as the general requirements 
which international specifi~tions should iuclude :-

Process of Manufacture,-The prooellS or processes of manufacture 
of a steel lor a given pur~se, shÓUld be specified, but the details of the 
procesa should be left to the ma.nufacturer, as a sa.tisfactory product is 
produced by methods of manufacture varying in different countries. , 

The proportions <?f. cer~a.in of , the chemicáJ. constituents, especially 
8ulphur and Phosphor~s, sl!o!lld be specified , to be within certain limits, 
and limita ahould be prescribed 4 to all physical properties which determine 
the suitability of the steel for the pur~se intended. ! 

The number and location of the test pieces s~ould,also be specified, the 
general methods of determining the phy)lical properties specified given, and 
how the sample for chemica.l analysis should be ta~~n~ 

The specificationa should alsó contain ola.uses governing the req uired finish 
and branding of the material, and a clause granting the inspector the necea
aary facilities to see that the provisions of the specifica.t1on are ca.rried out. 

For ateel rails, the following clause may be inserted :-
" The entire procesa of manufacture and testing shall be in accordance 

"ith the best current pra.ctioe, special ca.re being given to the following 
instructious :-Ingots ahall be kept in a vertical position in pit heating 
furnaces; no bled ingots shall be used; sufilcient material shall be discarded 
from '4e top of the ingot to insure 1ound rails " 33 • 



• 

t92 METALLURGY OF STEEL. 

Ch~mical Requirements.-'l'he general recummendations of the 
Comm1ttee as regards chemical composition are embodied in the tabulated 
specifications, but it is recommended that when the tensile strenath is 
specified the Carbon shall be omitted, as a number of cases ha.ve oc~urre<l 
where the ten_sile strength specified could not be obtained by keeping the 
Carbon, and m some cases l\langanese and Silicon, within the required 

limits. 
It is consiJered that the chemical composition of the steel, other th:m 

limiting the amount of Phosphorus and Snlphur, may be left to the • 
manufacturn if the physics.l properties required are properly specified. 

Tensile Strength.-Tensile strength, which, except in the case of 
ateel rails, iK always required, is specified in order to insure the necessary 

strength in the material. 
Yield Point and Elastic Limit.-The elastic limit is considere1l very 

important as being the true index of the resistap.ce to working stress, but 
as it is not practicable in rapid commercial work to accurately determine 
this, the yield point is required witb the tensile strength in all cases, with 

the exception of rails. Elongation.-It is recommended that for structur1tl steels, boiler 
plate and rivet steel, and splioe bars the percentage of elongation be 
measured in 8 inches, e.nd for castings, axles, forgings, a.nd tires in 2 inches. 

Contraction of Area.-This test is recommended for ca.stiugs, axles, 
and forgings where the tensile. strength is determined on a tnrned test 
specimen. A turned test specimen is also used for tires, but here the 
test is considerad unnecessary for the high Carbon steel used, as tbe tires 

a.re very seldom annealrd. 
Tbis test is a valua.ble one A.S an inclication of the physical state and 

uniformity of the steel. Steel of good quality, which has received proper 
treatment as rega.rds hea.ting a.nd mecha.nical work, a.lways gives a good 
contraction of a.rea in proportion to its tensile strength. 

Bending Tests.-The cold bending tests are to be made on nntreated 
bending specimens cut from the finish0<l material. 

The cold bending test, like contraction of a.rea, indica.tes the physical 
condition of the 111et~l. Steel capa.ble of severe cold bending alwa.ys show& 

high contra.et.ion of a.rea and vice versa. 
Drop Tests.-These a.re recommended for axles, tires, and rails. 
An axle must stand a certain number of blows from specified heights 

without rupture, the first blow to give a carta.in deflection which should 

not subsequently be exceeded. 
A. tire must stand, without breaking or cracking, successive blowa 

from increa.sing heights nntil it shows a mínimum deflection equa.l to 
D2 + (40T2 + 2D), where D is the interna.l die.meter of the tire, a.nd T the 

thickness at centre of tread. 
A raíl must not break or crack from a single blow from heights varying 

with the section of the rail. 
It is considered that ma.terials which will be subjected to shocks when 

in actual use should be tested by impa.ct. 
The Test Pieces and Methods of Testing Specifl.ed,-For steel. 

ca.stings, ax.les, forgings, and tires a standard turnad test specimen is 
recommended ½ inch diameter and 2 inches ga.uged length. 

· Tensile Spe,eimens.-For the shearerl plates used in structura.l steel for 
buildings, structura.1 steel for bridges and ships, a.nd in open hearth plate 
steel a standard test specimen 18 inches long, 1½ inches wide, the thicknell 
of the plate, of 8 inches gauged length Íi recommended. The para.Uel 

portion should not be less tha.n 9 inches. 
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Method, for Tensile Tests - Wh . 
be determined by the careful ~b e~ the y1eld point is required it 
the ga.uge of t~e testing machin!~rvat10n of the drop of the bea.m or hat:"~! 

The f?llowing are the dimensiona of T 
1Je7:ding Test.-For castings and for . EST S~ECIMEi:,s recommended :-
W1th structural steel for b ·¡a· gmgs 1 mch w1de by½ inch thi k 

:~~n}:~:t~h~lakte and rivet ste~t t;:ir;~~! ~~~~rldtes11~d shhip~, and cwith 
IC ness of material is .a. · 6 z me es 1f possible 

the natural rolled snrface on t ~ mcb. or leas, the specimen should h ' 
tha.n i inch thick the specimen wo ºbPPº:1.te sides, but with material m ave 

.Afetlwds for Bendin T, may e ir i~ch thick. ore 
or by blows. g ests.-The bendmg test ma.y be mad b At ho e Y pressure 

et d~ for Drop Test.-The followi a . 
(a) Rails.-Pieces tested should nº details are recommended :-

should be placed head upwards on no~ be more tha.n 6 feet long. The 
block should weigh at least 20,000 lb:ohd supports 3 feet apart. The a.nvfl 
:[• ·f· firmly secured to, the anvil. Th~ :nd ~he l~upp~rts should be a pa.rt 

n(i)n~ace shTould ha.ve a raJius of not i;¡:o!e ºt~ w5e~ghh2,000 lbs., and the 
. ires.- bese should be l . . an me es. 

runmng position on a sol'd ,, dp ~ced vert1ca.lly under the drop . 
a d b' ' 1 ,oun at1on of t 1 , m a . n su Jected to successive bl a east 10 gross tons in weiah 
mcreasin¡: heights until th ~ws from ~ tup (2,240 lbs.) fallí a ¡° t, 

.(~) ilxles.-Axles shouf/~~111~:~/eflect1on is obtained. nº rom 
pos1tion that the top will strike ihe di on ~pports 3 feet apart, in such u 

W eiaLt of ·1 ax e m1 way betwe1>n thP. ends. 
·º anv1, 

We1~ht of tup, . • 17,600 lbs. 
Radm_s of supports and ¡triki~a f: · f · . · 1,640 lbs. 

d1rection of tbe axis of th º acle o tup m 

Th 
eaxe -· h 

e anvil shonld be f t . ' . • D me es. 
by twelve springs ree o move in a vertical direction and . Th · , 1s supported 

? following is a summar of th . . . . 
Oomm1ttee for American speJfi f e prmc1pa.l pomts recommended by the 
~b~ed form, sbowing the de~1:i°ste ªi°d ba~henhded _are specifications in 
or erent classes of material :- s s, o e em1cal a.nd mechanica~ 

Axles, 

Tires, 

Castlngs, 

AMERICAN STANDARD SPECIFICATIONS. 

Procesa of manufacture, percenta e 
strength, yield point elongati! of Pt, S,. and Ni, tensile 
test. ' n, con ract1on of area, drop 

Procesa of manufacture, percentage of M 
strength, elongation, contraction of are~• d Si, P, S, teuaile 

l'rocess of manufactur , rop test. 
yiel~ point, elong:ti~::c::::,:l p ªr d s. tonsile atrength, 

Forglngs cuss1on test, bending test. ion o area, drop test, per-
' • • Proc~ss of manufacture, percenta e of P . 

Balls y1eld point, elongation contrf t' ,fS, NI, tenai~e atrength, 
' · • , Proces f ' e ion ° area, bending test 

Structural Steel p B.O manufacture, percentage of e Si p Mn d te. 
Bridges & S . -} rocess of manufacture ercenta • • • • rop st. 

Structural Sth1ps, yield point, elongatio~, bendi~~ ~~;ta~nd S, tensile atrength, 
Buildings eel-} Proce".5 of manufacture percent f . Boller Plate . . pomt, elongation. ' age o P, tens1le strength, yield 

Blvet Steel, and} Process of manufacture, percenta e f P 
Spllce Bars • . atrength, yield point, elongafio:. ' S, and Mn, ten.sile 

• • Prooess of manufacture percenta 
atrength, yield point elongatiogne bof Cd! P, and Mn, tenaile ' , en mg test. 
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BRITISH STANDARD SPECIFICATIONS. 

BY the kind perm1ss1on of the Engineering Standards Comllllttee, I am 
permitted to give particulars of the principal British Standard Specificationa 
so far as they relate to railway and structural materials. It will be seen 
that, with regard to chemical composition generally, they have followed 
the American practice in usually omitting to specify any -percentage of 
Carbon when a tensile test is required, leaving the percentage of constituents 
other than Phosphorus and Sulphur to the manufacturer. In sorne cases 
limits for Silicon and Manganese are specified, and, generally, the procesa 
of manufacture is stated. The usual tensile tests, with elongation, are 
required, and in sorne cases cold bending tests, both on the untreated and 
quenched material, are specified. 

Drop Tests.-These are required for rails, axles, and tires. 
Ralls.-The drop test for these varíes with the section and weight of the 

rails. For flat-bottom rails pieces 5 feet in length are placed on bearings 
3 feet apart, and for 70 lbs. to 100 lbs. on bearings 3 feet 6 inches apart. 
For bull heads, 5 feet lengths are taken, and bearings are 3 feet 6 inches 
apart. The striking face of the tup in each case must be rounded to a radius 
of not more than 5 inches. The following tables give details of tests for 
difierent rails ·-

FLAT BoTTOM RA1LS • 

Falllng Weight l'eat . 

No. of "B.S." Sectlon and Nominal 
Weight of RaU per Yard In Lbs. 

Centres of Weight of Tup. Bearings. Drop. 

Cwts. Feet. Feet. 
20, . . . . 5 3 8 
25, . 5 3 9 
30, . 10 3 10 
36, 10 3 12½ 
40, 10 3 15 
45, . 15 3 15 
50, 15 3 15 
55, . 15 3 17½ 
60, 20 3 20 
65, 20 3 20 
70, 20 3½ 20 
75, . 20 3½ 20 
80, . 20 3½ 22 
85, 20 3½ 24 
90, 20 3½ 26 
95, 20 3½ 28 

100, 20 3½ 30 
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BULL HEAD RAILS. 

Jl'ALtINO WEIOHT OF TEST. 

First Blow. Second Blow. 
No. of "B.S." Section and - --

Nominal Weight of Rails per 
Yards In Lbs. Deflection Defiection 

' 
Drop. 

1 

Drop. 

From To From To 

- - -
Feet. Inch. Incbes. Feet . Inches. Inches. 

60, 5 1 l,tv 10 3 3¾ . . . 
1 11 12 3 31 65, . . . 5 

3 3! 70, 6 l l is- 12 . 
6 l l l ir 12 3 31 7r, . . . 

t h 3
t 15 3 4 

80, . 6 
3 4 

85, 6 t l t\- 15 . 
7 t ll 20 3 41 90, . . 
7 t lh 20 3 4¼ 95, 

100, 7 ¡ l lw 20 3 4¼ 
--

Axles.-Locomotive straight axles have to be pl~ced upon bearings 
resting on a block of metal of not !ess than 5 toi:s we1ght, ~upported on a 
rigid concrete or other solid foundation, and must w1t~tand, w1thout fracture, 
five blows from a falling weight of 2,240 lbs. as ~pecified belo"'.· 

The axle is to be turned after the first and third blow, and 1s to be broken 
after testing, both in the centre and at the journals. 

Number Height of Dlstance Apart of 
Dtameter of Axle at Centre. o! Blows. Fall, in Feet. Bearings. í 

1 

-
Ft. lns. 

Under 4 inches, . . 5 16 3 o 

4 inches and under 4¼ inchee, • . 5 18 3 6 t 
4¼ 4½ . 5 20 3 6 

" " 
,, 

4l 4f 5 22 3 6 
" " 

,, . . 
4f 5 5 24 3 6 

" " " 
. 

6 51 5 24 4 o ,, ,. " . 
51 5½ 5 28 4 o 

" " .. 
5½ 52 5 28 4 6 

" " 
,. 

5f 6 5 32 4 6 ,, ,, " . 
6 and over, 5 35 5 o 

" . -
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In the case of carriage and waggon ax les, the following drop tests are 
apecifted, the bearings resting on a solid foundation, as in the case of 
locomotive axles :-

Dlameter o! A.xle at Centre. 
Nnmber Height o! Dlatanoe Apart of 
of Blows. Jl'all, in Feet. Boarlngs. 

-

1 

Ft. los. 
Under 3f inches, 5 15 3 o 
3f inches and under 4 inchea, • 5 16 3 o 

1 

4 " 
,, 41 ,, 5 18 ! 3 6 

4i ' i 
" .. 4, ,, 5 20 ¡, 3 6 

q 
" ., 4f " 5 20 3 6 

4f ,, ,, 5 ,, . f . 5 24 3 6 

6 
" " 5i ,, . . . 5 24 4 o 

ii¾ " " 5½ " . . . 6 28 4 o 
5\ " .. 5f ., . . . 5 

1 
2~ 1 6 

5f 6 6 32 1 
4 6 " " " . . . 

6 
" and over,. . . . . 5 35 ó o 

Tires.-A locomotive tire has to stand the following test :-The tire 
is to be placed in a running position, with the tread resting on a block of 
metal of not less than 5 tons in weight, supported on a rigid concrete founda
tion, and must witbstand, without fracture, blows from a. falling weight of 
2,240 lbs. The weight is to be allowed to fall freely from heights of 10, 
15, and 20 feet and upwards, until the deflection of the tire corresponds to 
that given by the following formula, in which d is the interna! diameter of 
the tire as rollerl, in incbes, and t is the thickness of the centre of the tread 
1111! rolled, in inches :-

1 

Class C. 

Tensile Breaklng Strength, 

60 to 66 tous per square lnch. 

dJ 
50t2 

Class D. 

Tensile Breaking Strengtb, 

66 to 62 tons per square inch. 

dJ 
55t2 

,, ________ _ _ _ ___:c.._ _____ ______ , 



METALJ,URGY OF STEEL. 

The teste for carriage and waggon tires are the same as regards the 
falling weight and height, until the following defl.ections are shown :-

Clus B. Clus C. C1us D, 

Temlle Breal<ing Strengtb, Tensllc füeaklug Strength, TensUe Breaklng Strength, 

42 to 48 tons per square lnch. 60 to 65 tom per square lnch. 66 t-0 62 tona per square lnch. 

d2 d2 d' 

45t2 50t2 55tl 

The followi~g tables give a summary ot varioue British Standard · 
Specifications, but ful] particulars as to detailed requirements are obtain
able only from the following publications of the Engineering Standard& 
Committee, which can be obtained at their offices, 28 Victoria Street, 
Westminster, S.W. :--

No. 2. Tramway Rails arui Fishplatu. 
,, 9. (Revised July, 1909) Bull-head Railway Rails. 
,, 11. ( ,, July, 1909) Flat-bottom Railway Rails. 
,, 13. ( 

11 
September, 1910) Silructurat Steelfor Shipbuilding. 

,, 14. ( ,, March, 1907) Structural St,eelfor Marine Bailen 
,, 15. ( ,, August, 1912) Structural Steel for B1·idges arui General, 

. , 24. ( 
,, 29. ( 

,, 
,, 

Building Construction. 
1911) Railway Rolling Stock Material,~ . 
November, 1909) lngot Steel Forginga for Jfarina 

Purposes. 
,, 30. Steel Castingsfor Marine Purposes. 
,, 47. (Revised December, 1914) Steel Fishptates for Bull-head and 

l'lat-bottom Railway Rails. 
,, 64. Steel Fishbolts a;nd Nuts Jor Railway Rails. 



500 

2 

s 

ll 

IIATIUUAL. 

For Locomotlve Frames, 

., Carrlage and Waggon 
Underframe5, 

Do. do., 

3 

renslle 
Breakin& 
Strength. 
'l'on1 ¡,er 

Square Iuch. 

25.32 

28·32 

25-32 

25-82 

THE 

6 6 

T:&NSILE TESTS. 

Mlnlmum 
Exten1lou per cent. 

on 
Standanl 

Test Piece. 

20 for ,3¡5• & nbove, 
16 below -375•, 

Do. 

20 for ·s12·, &: ahon.-. 
l>elow •312·•, uo te•t, 

Do 

Stan•-rd Yleld Polnt 
"" per cent. of 

'.fe•t l'lt. Ten1ile 
Plece. Strengtb. 

A 

A 

A 

7 

2 each cut, 

Do., . 

ai 10 below ·sn·. 

6 ~ ., Geueral Building Con• U-33 Do. -< 1tructlon, A Steel, • 
M 

1 each cast or 2 lf 
excced• 25 ton', 

Do., 

Oo., 

6 Brídgee, A Steel, . 28,33 20 f<or -3;5• et above, =± 
t In. thlck and ove1), __________ .., 

8 = ~s, . . . . 2.S-3'~ Do. __;_i Do., 

7 11.1,, Do. B Steel(notfor PI ate, 28-33 Oo. -

E-< 1 26-32 ~':! ali thlckne11es. ; ___.;_¡ 
~ 01 " :::::,:"~ • 1 '8~ ~ 1:,;~•;,1~'°"• ,I--A--;----_-_-_-_-_-_-_~~I~---_-_-_-_-_-~---_-_:-_-:-_-~-: 

1 

)!.trine Bollen (for ~30--~ ·375" & above, A 1 
11º·· 

11 " 20 below ·375." , ftaoglng), t-----1-----:-:-:~ 
12 11 ., Shipa (for cold tlanglog),J 26-30 20 for ·375"" above, I--A--1 

\ f¡ 16 be!O'lf ''Ktfl'. - --------~ 

1 • 28-32 :ZOfor·s12"&abon -;:,¡¡:¡;1~2eachcnst, . 131 \Fo1 :.ocomotlve Frames, -----1 belo• .312", nnt.eol(d\ ~ 
- u, ----- ,,a.3, Do A,B or F - 1>,., · 
14 iz: ,. llo., .,., • · --1 . 
-, < -- A BorJ - teachca.torP..> 
15 lll ,, Coirlnge nntl Waggon 28-32 Do. • 

io I el l'n,lerframes, ,1-----1--- ------ ____ _,\ llo 16J\~ 1 Do. do., 28-32 _ ~ __ - ~ or F,_____ ·• 
- ,.._ ~ ,ioror·:r.6"c!ubove(d) A BorFI - 1 ea"h cMt or 2 lf 
17 1 ~-~ 1 llt idges, A Steel, . tS-33 10 below •J76" (/) 1 ' excee<ls 25 tooa. 

- )klnw '812" no t.,l. 

- ::lt Do AW~ Ho, 18 ¡.., > General Building Con• 2¡;.33 · • 
<i 1tn1ct100, A Steel, -----l-------l---=I 

19 '~i Do, B Steel, 1 lll!-33 Do. A, B orF ¡ - I llo' 
<... 1 
~] ---------i 28-33 20 for •375• & above, A or B Do., 

20 ¡::0 " l-lhips, · 16 below ·375". 

u~ ---------11-----1----:-:--~-----21 ~ Locomotlve Bollera, . 26-32 2'~ all thlckn~~ses (b),, A, B or F 
! each c»t, 

~ _____ , ___ _ 
,. bo ,

1

--A--I 
1
2 each charge, , 

22' ¡:j ~larioe Bo,lera (Stay, 28-3'2 20 for •3¡5•-" n ve, 
¡.., Aogle, and T Ban), 17 below ·376". 

"' ~:?3for·375''..tabove,1~-----1 Do., 
Do. (Combostlon :!O below '376• (<l). 1 
~ber Stays), . 

23 

.. F) 1 0 tlon ahall be 28 ond 2! J)fr cent. res¡,ectivelJ, 
(a) When tested on ·a Gauge length of 4 días. (leat plece e O ga not less thao 2i per cent. 
(b) " " " 21 
(d) H " • 

(/) For Sectlon• and Flat Bars. reoL 
tq) Wblchever Is leut. h e exceeds 15 one a•ldltlonal H,l tor each further 15 or porti0 n the 
(h) When nombe;~t ~':l1::1nºg,e11 1~1 dia. and untler, the number sboll b~ 60 lo place oí 15. , 
(i) Platel over 21 tona, one cold and one temper, frow op¡)l)llte enda. 

TANDARDS COMMITTEE. 

F TBSTING REQUIREIIENTS. 
!íOl 

.,foguat, 191!!. 

• 

Do., 

Do., 

l>o., 

Do., 

9 10 

B:&.'i' D TESTS. 

Internal Angle of Teet, 
Radiua of llend. In Degree1. 

11 

Nnruber of Testa. 

12 

PROCl:;S 011' 
MANUHCTURE, 

PERC:&.'i'T)OE 
OF BIPURITIEs 

1~ 1 /1 
.Sot grcater than 1 •5 

ti mea thlckneaa, 
1~ 1 rold or 1 temper from Open htarth Acld or 

1 

: : II ~ 

l. 

eaeh plate u rolled, , Bulc ' 
---1----::--l--~--..:...:..:.=:....1 ' ' -- --
---~--~--1-----=Do.=·---1 Do., Notrequi red. 2 

Do., 180 

Do., 180 

Do., 180 

Do., • 180 

2 per cent. cold and ----Do-.,-----ll--.06--~ ::-- 3 2 per cent. temper, 

Do., Do., j~ red,-=- 4 
1 cold or 1 temper from I Do., ¡--:oo ~ - ¡ 6 

eacb plate u rolled, 

::: ~-

1 

ºº·· j Do., ¡--o-o-~-=-a 

Do., j Open hearth or BeHemer, ---OS--~-=- 7 
----r----~--! Acld or BAalc, 

Do., Equal to 1 •5 tlrnea 1 

Do., 

Do., 

Do., 

Do., 

Not leaa thall 
1'6" 'lfide, 

Do., 

Do., 

Tlo., 

Do., 

thkkow, 
uso Do., ----

Open hcarth, A cid or Not requl red. 
Baolc, 8 

~ot greater thau j~ ---¡,,-, ----11-:0:-pe-n-hea_rt_h_, -A-ci_d_,· .--U---0-6- - - -
tblckneu, ¡__ ·' 1l5 9 

E,m:k!~:5 tlmea l80 I----D-o.-,---(J-i)·ll-0-p_e_n_h_eai---lh~I;¡-;;;:- Notrequl ;;¡-: 10 

Baolc, --'-- -
Do., (j) Do., ~t-=- ti 

1 cold from each plate, 1 Do., 1 Do. I _ _ 12 

I>o,, 

Do., 

180 

180 

N ot greater than 1 ·5 180 
times thlckneu, 

Do., 

1 cold or 1 temper rrom Open bearth Acld Of ¡ - '06 - - ~ 
escb aectlon or bar u Bulc, • ----J-'06 _ IS --::----J------l-_;r~o".'.lled=, ____ _ 

Do., 
---:-----1---1_80 __ -4--___ Dc_., ____ 

1
¡. ____ Do., Not ,..,.,n red. - 14 

180 2 per cent. cold aod D~ --- oo ·oo -= 15 
Do., 180 
Oo., 180 

2 ptr cent. temper, 

Do., l)o,, Notre,¡ni ted. 
1 cold or 1 temper rrom II--------------

,_ 
16 

17 

Do., Do., 

~
1
~

1
~etlon or bu 11

1 
Do., ·oo •06 

;;---1--~---l--lS0--~~~----:1--------'·---- _ 
Do., Do., '00 ·06 - 18 

Do., Do., ,------1----11------ -------11---- _ 
180 Do., OpenhearthorBes-emer, ·OS •OO _ 19 

Acld or Bufe, 
Equa I to 1 ·5 times 

lhlckueu, 
180 Do., 

tl1lckoeu, Do., 1 
Open heartb, Acld or J Not requi red. :- 20 

Bulc, 
¡---------- -----

Open hearth, Acld, . , I -o5 '05 - 21 

----:Do;:------lr-:0-pe-n-:h:-eart-:::-h-, -A-c-:1-tl-or-l~-N-o-t re-q-ui.f..r-ed-.l-=- -22 
' Bask, 

Do.--:-~ ¡¡reawr tban H80 

-1-eo_l_d_an_d_l _te_m_per_f_ro_m_ll·----J)c,-----II!-- - - -
enrt 16 bai, u rolle,! ·• I Do. - - 23 
from uch charge, 

! ._r ... .,._J , 
~ ••L-'l••ua fMlt ... ~ 

WTM LlllT1 Aat Ir 

{
Maximom wldth for thlulmes1ea orer ¡ lnch, . li inchea. 

., ., ,, froru t to¡ lnch, 2 
u , n leu ~bao 1.1 inch. 2¡ :: 
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STIKG REQUIREMENTS.-Oontintmi. 

-------"\1--:_-_-..lT _-_-_-_:::.--; _-_-_-_J--¡ _-_:~~~ _.!7~-_-_s6==r====~1==.-a.----.-----.----:----------------
!__:_i1----2----;¡--s 4 5 

s 9 10 11 12 1s it•J1s ~!1 
1 1 TENSILE TESTS. IlEND 'l'ESTS PERCENTAGJ,: 

OF IMPURI'l'lES. 

1 Tenslle Mínimum St-andard Yield Polnt PROCESS OF 
MANUFACTURE. 1 :MATERIAL. Breaking Extenaion per cent. per cent. of 

~; Streugth. on 1'eSt Ult. Tensile 
~ 1 'l'ons per Standard Piece. Strength. 
~ , Sqnare Inch. Test Piece. 

,_,, ______ 11==-=----1-----1---¡---¡ 

J J'or Locomotlve Frame ª• 
27 (e) B or F 2 each cast, 

l 
25

1 ai 
! p: 

.. Do., 24-28 27 (e) BorF 1------nu::---
ggon .ll--2-4--2-8--l---2-7-(-c)---¡ B or F ¡-----wl< 

lll 
E-4 

27 : .. 
28 p: 

,. Carriage and Wa 
Underft'ames, 

.. Do • do 

., Bridges, A Steel, . 

27 (e), 
--11-----1-------1 

25 (t) 

24-28 

25-SO 

General Building 25-30 25 (•) 

B or F 

BorF 

BorF 
29 ,,1 

lit 
lit 30 f'4 

Ccn-
1, " strucLion, A Stee -- ----

31 

32 

83 

1-
34 

35 

36 

37 

38 

39 

40 

41 

111 " 
Sblps, 

" 
Locomotive Boile1· 

25-30 

., 24-28 

25 (t) 
--

25 (e) _____ , _____ _ 
,, Marine Boi1ers, 26-30 25 (e) 

16 

15 

10½ 

aj r M .,........ , .. , .. ,), 1 
40-48 

,;;i..l- 1 40-48 lit( ,. Flat-bot,tom (rail-
lit¡i; way), 
E-4 --· 40 ruin. m ,, Tramway, . 

26 
20 

26 
20 

26-20 --
26-20 

25-20 

--

For Locomotive Crank 30mm. 
AxJes, 86 mio. (oll 

ui 
hardened) 

lit Do., 30min. 
.:1 86 mio. (oil 

~ 
hardened) 

Loco. Stralght Axles, 35-40 
.:1 
11:1 Do., 35-iO 
lit 
E-4 Carrlage and Waggon 35-40 
111 Axlea, 

Do., 3640 26-20 

B or F 

B or F J___:_.= __ 
B or F 

CorD 

CorD 

CorD 

CorD 60 

C orD 60 

Cor X: 50 
---

CorD 50 

CorD 60 

- --
CorD 60 

Do., 

1 each cast, 

Do., 

1 each charge, . 

2 each cast, 

2 each char¡¡e, . 

1 each web, 

Do., 

2 per cent, bu, ll 
each cast, 

Do., 

Do., 

Do., 

(4 When tested on a Gauge Jength of 4 dlas. (Test plece F) Bt! ¡ ~ 
elongation shall be not less than 82 per cent. ... -- • __ -- -

(e) When tested on a Gauga length of 4 dlas. (Test pleca F) ¡ • 
elongation sball be not lesa tban SO per cent. 

(") Whichever is least. \ .-1A111111 ,. , uan • "' 1111 ,... • - ,. 
(h) When number of bars from one charge exéeeds 16, ona , • 

additlonal test for each furtber 15 or portian thereof. ~ ... - •-,. , ....,. • "' '"' .,.. • - ,. 
In round bara of It ins. dla. aud under, the number 
shall be 50 In place of 15. 

(i) When weight of bars exceeds, from one charge, 10 tons, 
one additlonal test for each further 10 tona or port1on 
thereof. 

. 

.: Intenial 
Radius of Bend, Angla of Test, Number of Téats. 

in luches. in D~eea. 

• ol ¿ " rai !e ,:: o 
,:: o f!: ~ z 

COLD B■ND8. 

1 
Tbe rÍvet 1bank to be bent 

cold, u ahown In sketch. 

Hor FLANOING TESTS. 

T 
The rlvet head to be flattened as 

sbown in sketch untll 2½ times 
tha diameter of ahank without 
crack at edgea. 

Open bearth, Acid or 
llasic, 

¡1;,:: 

"" ~ 

'06 

<iÍ üj '"' 14 

- -

·06 - 24 

Do., Not requi red.-=-¡ U 

--ºº·· ,---o-o--:;--=- u 
__ _!:o-.,----¡ Notrequircd. ·_ 27 

Do., ·06 -06 - 281 
Do., -:oo- -:00 -=-¡ 29, 

'-----11-----' 
1 Do., • Not requi red. -130 

Open henrth, Acid."--, I ·05 ·os - St 

Opeu heartb, Acid or Not requi red. - 82 
llasic, _______ .:._ _______ _¡¡_ _____ JI ___ _ 

} , ......... , .......... u ,, ... ~ .. -~ .... .. 

{ 

Open heartb or Bessemer, -075 Acid ·OS •JO SS 
(k) Aciu or B&Slc, (m) or B&Sic. 

------
(k) Do., (n) ·07 Acid '07 ·10 84 

or Baslc. 
-------

(!) Do., l>n) ·08 Acid ·os ·10 86 

r---~~-------,,-------------111---------11,ºr Baeic. __ _ 

t"long x l '25" 1"25 
ac¡uare. ___ , 90 and enda 1 cold e11ch web, (q) Open hearth, Acld, . 

bl"Ought 
togetber, 

·1)85 ·035 - 36 

Do., 1·25 

Do., ---
_____ , ___ Do_·•--!----D-º_·•----~I---~~--º-º·• • . Not requi red. -=-137 

1 

_______ 

1 
___ Do_., __ ~_1_co_1_d,_. ____ (_0)_

11 
____ D_o=·•=====-·-1,~;- ·oar, -=-1 as l '25 

Do., l '25 ¡-------:--Do_._, __ 
1 
__ D_o_., _____ (_o)_¡,¡ Do., . Not requi red. -=-j 39 

·i---1-'25 ___ 1__:·• Do., (o) Do., ·035 '035 - ¡ 40 
Do., 

Do.-. - ¡ ·2ó J Do.·-, --+-D-o-.-, -.--. --. -(o-)-il-0-p-cn-he_a_rt_h_o_r_B_es-s-em-er, N ot requi red. -=-, 411 
Ali Ules are requlred to stand a falling welght test, which varles with Acid, 

dlameter of axle, see pp. 496 aud 497. 

: DC:1 
¡:· - - -i-t:_¡¡ 
: ._,__ ,nr., __ ¡. 

~-N11U&•,1ar1••r : .. ..... - · 

(1:) Also ift d { Carbon, ·Sr, to ·50. 
spec e Manganese, ·70 to 1 ·o. 

(1) Also specifted { ~:~~~~:~. ~¿5
~ 1.0. 

(111) Carbon determlnatlons of each cast required. 

(n) Carbon and Phosphorus ,Jeterminatlons of each cast required 

(o) Only for 01•dara of 15 axles aud uuder when drop test is uot taken. 

(q) For round WAbs, l each end of axle. 



b04 

..:. ¡!¡,----' ,u •• ·-- ·~ 

4
~2 11 ____ .. _·_·_··_,._ .. _-:::--::--ll·-: __ "t"-:~:;::·:'"':-_' .... _11.-:.r: __ -_ .. _~_-=-_· _-.: __ +-·-~-~--:.llll-l:.:_-__ ~· _··_t-=.;;..;.~~-""""! 1- 1 .,., cent., b111 .. t•or Loco. Tlrea, Clasa C, 60-55 13-11 C tacb cut, 

~ 
---Do----:C:-,nss---:D::-c --66--t,q-_ - 10-l> C j Do., 

3 4 5 6 

:i::..t. ., • • ---,----:----Do-.,___, : Cnrl"iage aud Wag¡¡on 42-48 1H5 C 

"llrea, rnua B, ____ ,:-----+------
1.Jo. do., 4HS 1 18-16 C Do., 

1----'------¡---, Do 
- 1111 Do., ClftSI e, 60-55 1 13·11 e .• 
46 1111 1----1----~ 47 t Do. do., 1 60-56 13-11 C Do., 

48 ---Do-.-, --CJ-ua--=-o-, ·1 ~-1---10--s---i--c::--, 

49 

63 ai 
,o 

_, :z,; 

541 ~ 
65 O 

rr. 
..t 

56 1111 
1111 

67 t 
1 

-1 
1 68 

59 

60 

for Locos., lllooms, ClauA, 1 Up to 27 
apcclal, cue- ¡ 
banleoed, , 

" Do., Blooms, t las• c, I 
o¡,erlal, wllhout · 
wcariog 1:1dan·,,. 

1 

Do., }'or¡¡lngs, do., 

I>o_ ., Jllooms, Claaa D, 
apecial, wlth 

wurlnitaurlaces 

Do., l"or¡¡lnga, do., 

\"p to27 

S2-87 

32.37 

f0-f5 

40-♦5 

2.5 

25 

2.5-20 

25-20 

20-15 

20-15 

C or D 1 l eacb cut, 

1 CorD 

CurD 

Cor D 60 1 encb cast, 

CorD 60 

CorD 60 1 each cut, 

Coro 50 

----------Jl--::-26-:--32:::---l---:::!8::-.:22;---¡-;:;c-::o::-r -;;D:-1·--:::--7 1 eacb cut, Do,, Jlloom1,Cl111E, , 
Boller For¡rlu¡;s, I · 

2 per ceut., but 8' 
1 each cut, 

Do., i'or¡¡lugs, do., 26-32 28-22 CorD 

Marine work, 
~ot more 
th\o , tona --Do----J -
bctweenany ·• 
max. and 1 --f--------, 

Do., Do., 

} 

. 28-40 {'"""';'¡~..,, " . 1 

mio. 1pecl- l Do f e or D . - Do., 

61 l!-L~--0o_ .. __ __;~,:ned::~· ""."":"r-"'7.:·_· --;:::¡¡-;::-::-;:-r--=--i';".::;;:-;;:;:-~ 
For Locos., General Cutlngs, 35 mio. (r) 10 (r) 1 C or D 11 each cut, 62 

20 mln. (1) 15 __ <1_) l---1-----:----::---'. 
--Do.-, -Large--o-r_I_m_po_rt-:.-il--:35:-::---m-:io··.-:-(,:--) "j----:10-;:- (r) Cor D I Do., 

aut Cutlnga, 26 mio. (1) 15 <•) 
---::---==-=-:-:::.:~-11--:.::6-.-.::-7!---;1:;5---t~C;::or~Dnl--::--¡ Do., Do~, Wl1eel Centres, . • mm. 

Marine Work, Grade A, l __ s_s_-,_o_-1----1:--:5---¡C, D, or E,-----i 

Do. do, B, 26-35 20 C, D, or E 

---Do-.--d-o.-,-c-=--.,,--26--S-ó-~----l-ó---1,C, D, orE1j __________________ l-1 -----: 

Do. do., D, - 1 

.. (p) Small CIUltlnga, lfor each 
, 1 Uía. • -977 In. pourlog head. 

E , . (r) For cutlnga wltb wear-ii - ·-- -r-r Atea• aq. ID. fogaurlac:ea. 
, 1 , f (1) For castlcg1 without 

' • "-r-1 wet.rlog aurfacea. 30l Gauge Length -,¡ 1 (u) For waggoo wbeel 
lp_,r,11,I fore/,nnth ofnotltsstJ,iJ ~ntres, 1 eacb ca>t. . ~4" -., 

1 wug,L1n 
1 4 -wntS 
i.mth1n~~ 
tengthtf Mt le 

lffll 

NG RBQUIREJIENTS.-l'onti,nml. 

9 10 1 
HU TIIITS 

llOll 

_1_2 ___ 
11
~ 11~1.!..!. 16 

PIACl:nA'III CJJt 
l■PC&!TIR 

1 1 ¡"~H .. --. . . I I ' 
-----, __ ...... __ .,e_ .... _,_•'_•-_ -?-•-_,1¡---J-""'_"'_º'_'_""-___ l:-O-pe_n_he_:_rt_-,b-,-A-c1-.d-, -. --JI--~ :: = 

1 

~ 
1 Do., ~ 1)35-=- -¡¡ 

1

-----

1

1 º''.~~¡3~nrth orBeaaemer, '~ ;;;¡- -1 46 

Open hearth, Acid, . '03.5 '036 - 46 ----1:----------;--------J!---------11--- -
Open heartb or Beuemer, - - 47 

Acld, 1---,,'------i---, 
f Open beartb, Acld, . ·035 -035 - 48 an Nqulrea to atand • ra I ng welghl IOII, whlcb nrft1 wlth the 1 ,--- -

ID'-1111 dwneter oítbo tir,, - ¡,p. 4117 aod 498. 

I" loa,xl '16" ~'U 90 aod end1 11 cold eacb caat, . Open heartb, A.cid or 1 ·06 "06 - ¡ 49 aquan,, brought Baalc, 
• togclher, 

i-----i -----;---------:l---------,1-----1---1 
Do., 1 "25 Do., 2 per crnt. col<!, but at Do., "06 ·o.s ~/ 50 

lelUlt 1 eacb CIUlt, 

1-.-25---;--IJ-o-.-, --I-1-co-ld-ea_c_h_cu_t_, -. --ll Do., _:_:_~_5_'._ Do., 

2 per cent. cold, but at Do., -oe '00 - 62 
least 1 eacb cut, 

Do., 1-2.5 Do, 

Do., 1"25 Do., 1 cold eacb cut, . 

Do., 1"25 Do., 

Do., 1'25 Do., 

· 11 Open beartb, Acld, . -~ ~ -¡ 63 

---¡--------l·----+2-p_e_r_c_e,-,t-. c-o-ld-,-b-u-t-at....,r ---:Do-.,-----¡I~ ~ -¡ 64 
least .1 eacb cut, 

-ii---:-:::---J•-::--+:--:-:~-...:_~-----11----
1 cold each cut, . Do., ·035 "035 -=.l: 

Do., 1·25 Do., Do., 

Do., 1·25 Do., 

2 per cent. cold, but at l' 
least 1 eacb cut, 

-,r------+-----1- --:-------1·--------11-----
1 cold each cut, . ~ , 

·035 ·035 

llo., 

66 

1-26 Do., 

rp to 82 too, mu. 
teoalle, •25 In. 

180 

Do., AboTe 32 up to 36 :.ou11 180 
mu. ten•lle, ·375 In., 

ii;;:~ AboTe86upto,oton1 ~
mu. ttnslle '625 in. 

2 per cent. cold, lmt at ji Do., 
leaat 1 eacb cut, 

At leut 1 cold each I Open b 
forginJi, llaslc, 

11 

Do .. Do., 

--¡, Do., Do., 

Acld or 

-

•05 -- 67 

·os ·05 - 68 

------
---
---

- - , 69 1 
- - -- - 60 

- - -
t long X l" l ·26 00 11 Id h t ( ) 1 

1,-dl;:ameter:--'·I-------I~--- co enr caa, , , _______ ,_._º7 __ ¡:_.=_ ~ 
lf""-'.Do.;:--,-+---l-"25---1--90-__:: l cold each ca.ling, (i) -<11 j07 1- 63 

1 61 

Do., 1-$ 90 ¡1coJdeacbwbeelccutre, (11) -------01--,~,-=- 64 

}

At least 1 cold earh{ O¡,euhearth,AcldorBaaic, ¡-----1-=-¡-:=-1 65 
cbarge (p), 11 CMt· 11---------1 --- 1-

1 -o 60 

l -O 
fogmadefrommore Do., - 1- - 66 

r-------1-----l tbao 1 cbarge, &t --¡-·-----¡-:1r--:---J---..::1..::·o __ -J _ _:90::_ __ ! _ _:le::as:t'....'.4:.'..' ----JI Do., - j - - 67 

1 - Do., 1-=-1-=--=- 68 

120 

411 the teeta gheo In tbe above tables are recoushlered by the Commlttee evel"J' yeer, aod couaequent11 are 
• lfahle to he altcred from time to time. • 

lte,¡~~~~tlonal Auociatloo for Teath,¡; lJatei-1&11 have receutly pubUshed a oomparatlve 1ummary of speclftcation
1 

for 
~ Pllbf-~L nited Slates of .Amerlca, and Ocrmany, for etructural ateel, ralla, and llab platea, baaéd oo Standard Speclll-
11 •• ~... uutd fo tbe re.pectfye countrlee by Englneerlnr Staodanl1 Commftttt, the American Soclet:, for Teatlr~ 
·-,...., and the Deo~he Ytrh~nct fur lfattrfalpnifnngen ucr "•chnik, and they are appended • 
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1 

TABLE 

Oermany. 

1 ~aterial • Siemens-Ma,-tln or Bessemer (l'homas). 

Great Britaln. 

Open Hcni·th. Open Hearth or 
Bessemer. 

Platea, r!vets, a0<.I I Sectional material 
, ectional material for general !mil 
for bridges; piates lng constructloo. 

2 1"inlsb • 

s Chemical Analysia 
aud Certiflcate 

1 Cbemlcal 
Compositlon 

Smooth, free from cracks, blistera, and 
delecUve edges. 

and rivets lor 
gener·• 1 building 
constructlon. 

Free from cracks, aurface llawa, lamlnatlOIII, 
&c. 

Of each cut upon req11est of purchaser. 

Bridgea, 1 Building Construction, 
per cent. _____ pe_r_ce_n_t_. --:-----¡ { o·OO plates and rivets. 
P, 01l6 0'()8 aectional material. 
s, o·oo o·oo 

6 Brandlng Each plece to be marked, w!tb No. of cast, 
in case of cast test being agree;J upon, 

1 
1 

6 No of Teet Piecea I In case of a cast test being agreed npou: 3 
· pieces from each ca.t at most, however, l 

piece froru every Jot of 20 pieces w- part 
tbereol. 

In case of no cast test being agreed upon : 6 
from each 100, at most, however, 1 p!ece 
froru every 2 tons or pa, t thereof. 

7 Shape o! Test 
Speclmen, 

Area=½- f sq. In. (300-500 mm.2) for tensile 
streogtb. 

11'or rounds of less than 
diameter: fi" (20 mm.): Z=l0xdiameter: 

s 'feat Plecea • 

. a~•cwmJ,,,) . 
rt··· .. ·············-············~ 

For Bend Tests. 
W!dth lh-lil (30•50 mm.). 

Bar, roda, etc., hí tblc'kñess according to me. 
Outer skiu not to be damaged. 

• Cokl, sheared edge1, etc., removed by mil. 
· !ng plaulng etc. Test p!ece to be 
an~ealed ouly wben material from whlcb 
lt is taken Is to be annealed. 

,_ 

Ali platea aud sectional material marked 111 
2 places with maker's name or trademarlr, 
place where made, and No. or maro bJ 
which they can be traced to cast 

One teus.ile test trom every caat or 25 tolll, 
whlcbever is Jeaat. 

One cold or one temper bend test frlla 
each plate, sectlon, or bar, as rolled. 

For Pl•tes and other Structural Mater!IL 

F > i" f'-i" <I' 
thic~~ess (22'2 mm.)(9·5-22·2 mm.) (9·6 m 

,. = 1-¡,- 2" ?.l' 
(SS·l mm.) (50·8 m.n.) (63·5 

~.r..~~t.lf!'!Y!!~7' 

: : :h 

: it. .. ~ .!,.u9•c~~&-,..,1.J 
~ ........... : .. ... ~~!'.l'.Ll~X'!'.".i .. · .. - ·•··· 

ll'or Bars, Rods and Stays. 

Parailel for Jength of not less tban 8 
diameter. • ..... 

With enlarged ends: parallel for le.,.
not Jess than 9 times reduced dlame&ero 

Rivet bars tested ful! slze aa rolled · ,1 
Bend test pieces to be not leas than " 

(88·1 mm.) wide. 

Test pieces to be cut lengthwise or 
wise from plates, and lengthwill 
Sectional Material and Bars. 

Wbeu material Is annealed or 0 

treated., test pieces to bealmllarlJ 
Straightenlng to be done cold. 
edgea to be removed by mllllng, 
etc. 

APPENDTX I. 507 

POR 8TRUCTURAL 8TERL, 

P. 

s. 

U. S. A. 

Structural Steel for Brldges. Structural Steel for Buildlngs. 

Open Hearth. Open Hearth or Bessemer. 

Rivet s~el and steel for plates and angles over 
~" In thickness, wblch are to be punched, ahall 
be made by the open hearth procesa. 

Smooth, free trom lnjurious seams, flaws, cracks, &o. 

1 
Certlllcate ri contents of: 

P, S, and Mn. 1 P. 
llighest values in percentage. 

Structural Steel. Rivet Steel. Structural Steel. Rivet Steel. 
Basic, . 0·04 0·04 Bessemer, • O·l Acid, . 0'()d 0·04 Open henrtb, . 0·06 0'06 . 0·05 0·04 

Evecy ftnisbed piece ol steel marked wlth blow 
No. and name of manu!acturer, except that riYet 
and lattice steel and other small parts may be 
bundled with abovemarks ou attached metal tag. 

Every flnisbed piece o! steel stamped with blow 
No. e:i:cept that small pleces may be shipped In 
bundles with metal tag attached. 

lt least l teuslle test and l bendiug test from eacb melt of ateel u rolled 

for tenslle aod bendln¡¡ tests for plates, shapes, and hars. 

rJ.:~ .;ñ!~l.l}~-~ºl~L..Y';\,n ..... J 

~: : l'h' .(38•l 'o/,.J ; ; 

r----' ¡.. ......... ll'(l1&-6-,.l .. ~ 

~ .... ............... J:f.~45'.7'l~) .. '. ............ J 
MUled to fonn lhown In sketch, or wlth both The standard sbape o! the test specinien for 
tdgea paraJJel ; or they may be turned to a dla- sheared plates shall be as sbown by the sketch. 

(meter off' (19·1 mm.) for a lcngth of atleast9" For otbermaterial tbetest specimen may bethe 
228-0mm.), with cnlarged euds. same as for sheared plates, or lt may be planed 

or turned p&rallel througbout lts entire lengtb, 
and, in all cases where possible, two opposite 
sides o! the test speoimen shall be the rolled 
surface,. 

RITet rounds tested as rolled. 
llpec!al regulations for pina and rollen. 

When material la aunealed or otherwlte 11mllarly treated, teat pleoM to be slmllarly tNated. 

34 
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g l'hyslcal Tests, 
Propertles 

10 ReJectloo 

11 Pemlsslble 
Variat.lolll 

METALLURGY OF STEEL. 

'rABLE ovI.-SPEc1FrcAT10111 

Germany, Great Britaln. 

1 

\liniJDllll 
f Tenslle Str~ngth. Elonga 

Only rora thickness o lbs.,sq m. per cenl /,"-lA" (7 to28 mm.~ 

P!Rtesand eec• fl~,720-71,080 20 
[For other thlcknesses as to beagreed upon.] 1-------,---~ 

A. Tenslle Tests, tional material (44·1·50·5 kg./mm.•¡ 

Tensile Strengtb, 
lbs./sq. in. 

.Elongatiou 
per cent. 

52,6'.!5-62,581 
• (37-44 k~. ,1nm .2) 

For material under A lnch (7·9 mm.) tblct, 
bend tests only are requ,red. 

~---11• 
B,lvet bars 68,2~0-6i,200 \ 25 

(n·o.,1·8 kg fmm.2) Crosswlse 51,203 0-1,004 
(36-,ó k:;. ;mm.2) 

fü,·ets and 51,203-59,iS, 
,bolts (36-42 kg./mm.t) 

B. Other Tests. 
1. Plate, Section or Bar. 

(a I Bend Tests. 

Henting, · 
Quenchlng, 
Di,1meter 

of loops, 
Fractures, 

Testplece 
leugthwise. 

Light red hot. 
Water28º C. 
Single thick-

ness. 
Not permls· 

sible. 

Testpiece 
crosswlse. 

Light red hot. 
Water 28" C. 
Double thick

ness. 
Surface frac

tures permis• 
si ble. 

(b) Red Hot Breaklug Tests. 

1 
Got off by 
forginl!. 

~ndt- l Punch. Fracture 
tion. _ 

l= 3 3' 1'1 

(SO mm.) 
.A rea : d = •t•• N ot per• 

t/1 x 1¼'' Red hot.

1 

1 (20
1
mm.) missible. 

(40x6 mm.)\ d, = lt.'' 
(30 mm.) 

2. Rivet and Bolt ~faterial. 

(a) Bend Test ~. 

S • • Bars, rods, &c. 
ect,on, • • ¡.¡ .. bt recl hot. 

Heating, • • ' • C (80º F ) 
Quenchlng, • Water a_t 28 , · · 
Diam. of loop, . Ralf tb1c½ne,s. 
Fracture, • . Not perm1ss1ble. 

(b) Jumping Test&. 

Length before j~mp\ng = 2 x dlameter. 
Reatlug as by r1vetrng. 
Length árter jumping = i x dlameter, 

~·or each test that fails, 2. ftirthe{ t_e~t\~ 
be made from correspondmg ro!" er1n ' . 
shouJ,1 elther of latter tests fail, material 
cm be reJe,·ted · d r th 

Sh Id test piece break outst e o e 
º'! ddle third o! gnuged l!!ngth, ano~her 
r!~t to be made, lf etougatlon lnsuffic1eut. 

. - . 

Bend test wmecessary for ri vet bars. 

Manufactured Rivets-Cold Beud Test 
The shank shall be bent 180° untll 2 parta 11 

shank touch, wlthout fracture on outlldl 
of bend. ,... a· et head wlll be flatteoed, whlte ....., 
~•utll lls diameter is 2½ times that o! tlle 
shank, wlthout cracking at edges. 

Bend Tests-Cold and Hot. 

Heating, 
Que11chi11g. • 
Bending, • 

Wheu hot. 
Blood red. 
28º C. (80" F.) 

• 180° 

Test pieces to withstand, ~i~hout \ 
lJeing doubled over un~ll inte•!''/cn• 
not greater than l½ times thic 
test piece, and the sides are parallel. 

Should test pieces flrst selected not., 
requlremeuts, 2 further tests '."al 
made butshouldeitherfail, matev be 
whlch test pleces were cut shal 
jected. m 

Further tests to be made before 
rrom same cast Is acoepterl. 

0 Should a tensile test p1cce break tea$ 
middle half of lts gauge length, ad• 
be discarded and another test m 
same material. 

± 2½º/o calculated weight. 
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roa S1'RUCTURAL S1'EEL.-Continued. 

U. S. A. 

Structural Steel for Bridges. Structural Steel for Bulldiogs. 

Elongatlon. Elongation. 
Tenaile Tensile -

, Strength, Mínimum Strength, Mínimum lbs./sq. In. l per lbs./sq. In. l per cent. 
cent. 

·-Structural 60,000 8 los. Structural 55,000 to 65,000 
8 lns. - Steel (42·2 kg./mm.2) (203·2) 1,500,000 Steel (38"7-45·7 
(203'2) 1,500,000 kg./mm.' ) Tensile 48,000 to 58,000 Ten8ile Rlvet Steel 50,000 8ins. Strength Rivet Steel (83'7-40·8 8 lns. Strcngth (35•2 kg.fmm,t) (203·2) 

kg./mm.•¡ (203·2) 
Oharacter o! fmcture-Silky. 

Elongation-For material less than N' (7il mm.) nnd more than f" (19·1 mm.) in thlckness, foUowing 
modlftcations allowed. 

(a) For each N' (l ·6 mm.) In thick:ness below N ' (7·9 mrn.), a deduct lon or 2i per cent. 
(b) For each N' (l ·6 mm.) in thlckness above i" (19·1 mrn.), a deduction of 1 per cent. 

1 Special regulatione for pina. 

Bend Tests, by Pressure or Blows. 
Plates, shapes, and bars up to l " (25·4 mrn.) 

thick; cold bend, wlthout fracture, to 180". 

Eye-bars aun other steel l ' (25"4 mm.) thick and 
over, tested as rolled. 

-Cold I Dlameter of 1 Bend. Loop. Wlthout fracture on 
------- outslde of bend. 

180° Double thickness. 

Angles under Hammer. 

½" (12·7 mrn.) and Jess thlck } 
bend shnt cold wilhout 

f'' (19·1 mm.) nnd less thick fracture. 
open flat 

To be made only when required by inspector. 

Medlum etcel f ' (19"1 mm.) and Iess thick, test 
specimen sball be of snme thiclmess as of ma
terial from whlch lt Is cut, but for material 
thicker tban t'' (19·1 mm.)1 testpiece may be½" 
(12·7 mm.) tbick. Wldth 1orboth l½'' (38·1 mm.) 

Test.-lledium steel shaU bend cold 180' nround 
a diameter equal to thickness of specimen tcsted, 
without fracture on outside bend. 

Rlvet Steel-Bend Test.s. 

Diameter of loop, Flat. 
Break, • , • Gradual. 

.Appearance, Fine, sllky, uniform fracture. 

lf the nltlmate strength varles more than 4,000 
lbs./sq. In. (2·8 kg./mm.•) from that desired, a 
re-test to be made which, to be acceptnble, shall 
be wlthin 5,000 lbs. (3"5 kg /mm. 2) of desired 
ultlmate. 1 

ébeck nnalysls , hall be made !rom flnished 
material, if called for by purchaser; excess of 
25 per cent. allowed. 

Bend cold, 180' ftat
1 

wlthout 
tractur, on outslae of bent 
portion. 

Should test plece break outslde ot the mlddle 
t blrd o! gnuged length, another test piece aub
stituted therefor. 

With regard to perrnlsdble variatlons !rom specifted welght and dlmenslolll, there exlst •peclal 
rtgulations for plates. ~·or ali other steel parts, the varlation lu cross-sectlon and weight of the 
single pieces may amount to 2½ per cent. at the most . 
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Material • 
Process of Mauufac• 

ture • 

Finlsb 

Cbemlcal .Analy&IB • 

Chemicnl Composl-
tlon-per cent. 

Carbon 
Phosphorus 
Sllicon 
Mangan ese 
Sulpbur 

Seotlon • 

Branding 

Impact Test
Drop 

Welgbt or Top 

l,e~h o! Teat 
Piece 

Centrea of Bearinga 

TABLE CVII.-BPECIFIOATIONS FOR STEEL RAtLS. 

Germany. 

Ralls and Tougue -1 Tramway Rails. 
Ralls. 

lngot Steel. 

Optlonal, 
to be specifled, however, In tender. 

No cra.cks, fuae 1 -

boles, lujurlous 
aeame, burrs or 
defects of every 
klnd. Sqnare at 
ends. 

N ot req uired. 

Accordlng to template furnlahed b7 
purchaaer. 

Each rall to bave m,mufacturera· 
mark and year, eitber when manu
factured or when pnt lnto use, in 
raised letters, alao nwnber of blow. 
A.llon web. 

The ralls have to 
atand the follow
lng tests: 
For ralla welgbin,:,: 
from '7t lbs /yd. 
(23·8 m./kg.) and 
over, 10,860ft./lbs. 
(1,500 m ./kg.) 
For ralla welgblng 
from 40¼ lbs./yd. 
(20 m. /kg.) and 
down to '7t lbs./ 
yd. (llS·B m.{kg.), 
7,238 ft.flbs. (1,000 
m.{kg.) 

The flrat blow 
10,860 ft. /lbs. 
(1,600 m. /kg.); 
the others 8,680 
ft./lbs. (1,200 m./ 
kg.) 

]'or ralla welghlng 
from 32¼ lbs /yd. 
(16m./kg.)down to 
40¼ lbs./yd. (20 
(m.,'kg.), 5,42Ht./' 
lbs. (760 m. /kg.) , 

, tt. 3t1. in. (1 ·s m.) 

Flnt Bottom 
Rall way Ralle. 

Great Brltaln. 

1 

Bull Head Rallway 
Ralla. 

Steel. 

Tramway Ralle. 

Optlonal, 
the purcbaser, however, to approve. 

Uniform sectlon tbrougbout, true to I Uniform · aectlon 
templates, dectly sound and tbroughout, accu-
stralght and /:ee from spllts, cracks, rately rolled to 
burra and defects of any kind. conform to tem

plate, pedectly 
sound and free 
from twlats, blis· 
tera1 fla.wa, ftne and 
other detecte. 

Carbon and Pbos
p h or II s deter
ruinations of each 
cast. An ane.lysls 
representing aver
age of otber 
elements In steel, 
to be given for 
each rolling up to 
200 tons each. 
When rolling ex
ceeds 200 tone an 
addltlonal com
plete an&lysis to be 
made for each 200 
tons or part there
or. 

0•35.Q·5 
0·07 uot to exceed 
O·l O ,, 

0·7-l·0 
0·07 not to exceed 

1 

Carbon determiua
tlons of each cast. 
An analysis re
presentlngaverage 
of other elements 
ln steel, to be 
glven for each roll
lng up to 200 tons 
eacb. Wben roll
ing exceeds 200 
tons an additlonal 

:mtet~:3:1yf~; 
each 200 tone or 
part thereof. 

0·35-0·5 
0·076 not to exoeed 
O·l ,, ,, 
0·1-1·0 
o·os uot to exceed 

Carbon determina,. 
tiona of eacb oaat. 
An analysia re
presentlng average 
of otber elements 
In steel, to be 
¡rivep for eacb roll
ing up to 100 tons 
eacb. When roll
i ng exceeds 100 
tona au addltlonal 
complete analysis 
to be made for 
eacb 100 tone or 
part tbereof. 

0·4-0·55 
o ·os not t.o exceed. 
0·1 ,, ,, 
0·1-1·0 
0·08 not to exceed 

Eacb sectlon to be accuratel7 rolled to lte NN1pectlve 
template. 

2 aeta of templates (Interna! and externa)) aupplled by 
manufacturer upon request of purchaser. 

~ 
Brand (see aketch) roU.ed on 
web, "B.S.,º number pro• 
cess nf manufacture, nrune, 
initials or otber recognlsed 
mark and month and year 

of manufacture rolled In ¾ lnch (19·0 
mm.) letters, aud the number o! the 
cast or blow atamped in ½ inch (12·7 
mm.) blocktlgures on end of each rall. 

1 

8-80 ft. 
(2·U•9'14m.) 

1560-2240 lbs. 
'254-1016kg.) 

5-7 ft 
1(1 '52-2·12m.) 

1st blow. 
10-20 ft. 

1

(3·05-6·10m.) 
In 17 2nd blow. 
1tages1 

for , 
rails 

of 
·20-100 

lbs./ 
yard 
(9'9-
69·5 

lrgJm., 

In 9 
stages 

for 
ralla 
of 

·60-100 
lbs./ 
yard 
(30-

60.:1·/ 

5 ft. (l ·52 m.) 

2,240 lbs. 
(1,016 kg.) , 

5 ft. (1 ·52 m.) 

~ 
same, 

wlthout 
meutlon 

being 
made of 
month. 

15 ft. (4·57 m.) for 
rails less tban 
100 lbs./yd. (49·5 
kg./m.) 
18 ft. (5·48 m.) for 
railsof and exceed
in¡,: 100 lbs./yd. 
(i9•5 kg./m.) 

At least 2,240 lbs. 
(1,016 kg.) 

5 ft. (l ·52 m.) 

8 tt. S In■• (1 m.) 
{ 

For 20-65 lbs./yd.} 
(9·9-32 kg./m.) 3 
tt.(0·9 m.) ]•or 70-
100 Jbs./yd. (84·7- ¡ srt. 6!ns.(1'()7m.)I 3ft.6ina.(lil7m.) 
49'5 kg./m.) 8½ tt. 
(1 '()7 m.) 

U.B.A. 

Ralla. O.H . .Ralla. 

Besaemer Steel. 1 Open Heartb Steel. 

Speclfted ln Contract. 

Stralght in Une and sudace, smooth 
on hcad, aawed square at ende, uo 
burra, and tbe ends made clean. 

Not to vary tbrougbout their entlre 
leogth 6 tnches (127 mm.) from a 
strnlght line in any direction, when 
dellvel'ed to tbe cold straigbtenlng 
presses. 

Dally carbon de
term!nntlons for 
eacb blow, and a 
complete analysls 
every 24 hours, re
presenting average 
of otber elements 
In steel, for each 
day and night 
turn. 

0'85-0·45, 0·46--0·55 
0·l noi to exceed 
0-2 ,, ,, ,, 
0-'7-l·OO, 0·8'-1·14 

Determlnationa for 
each heat of ali the 
elements specU!ed. 

0•4&,-0•59, 0·82-0 76 
0·04 uot to exceed 
0·20 ,, ,, 
0·60-0-00 

AcCOTdlng t.o template fnrulabed by 
purcbaser. 

Name of maker Name of maker, 
welght of rail, and weigbt of rall, and 
month and year of mnnth and year of 
manufacture ro11- manufacture roll
ed in ralaed letters ed in ralsed letters 
on the web, and on the web, and 
uumber of blow number of melt 
stamped on each and the lettera O. 
rall. ¡ H. stamped on 

eacb rall. 
Raila 70 lbs.per 7ard (84,7 kg./m.) and 

over to have a letter ■tamped on 
side of web to indicate the portlon 
of the ini,;ot from wblcb the raíl 
waa rolled. 

15-18 ft. ) 
(4 '57-5·48 m.) 

2,000 lbs. 
(906 kg.) 

1 

In 5 stages ror 
ralla of 

50-100 lbs./yard. 
(Ui!-99•6 kg./m.) 

Anvll blnckof20,000 lbs. (9,0601rg.)at 
lenst in standardised drop testlng 
machine in general use to be de
acrlbed. 

'-6 ft. (1 ·22-1 ·88 m.) 

1 ft. (0111 m.} 

e;,, 
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8 Impact Test-
Continued. 

9 

~¡ 

11 

Number of Blows. 

Required 
DeJlectlon 

Number of Teat■ . 

Tenslle Teet.-

Dimensiona of Test 
Plece 

Tensile Strength • 

Elongatlon . . 
Number of Tests • 

BeJectloD 

Permlsalble 
Varlatlona. 

(4) Dlmenaions
In Length • 

In Stralghtneaa • 

TABLE OVII.-SPECIFICATI0NS F0R STEEL RAILS.--Oontinued. 

Oermany. 

Rails and Tongue 1 
Rails. Tramway Rnils. 

Untll required deJlectlon. 

At least SU In. (100 At least 2i In. (60 
mm.) for section mru.)with sectlons 
of helght 6-1\r in. up to helght of 5H 
(184 mm.) and at In. (150 mm.): be-
le!lBt 5¼ in. (130 youd tbat at least 
mm.) for tongue lH in. (60 mm.) 
ralla. For other 
sectlons lncludlog 
tongue ralla, mu -•4 proportlon-
atelytotliebeight■ 
of sections. 

l test for each lot of 200 ralls and 
portlon thereof. 

U lnch (25 mm,) dlameter, 7¡ lnches 
(200 mm.) Jength from centre of 
rail-head of pleces wbich have been 
subjected to impact test. 

mln. 89 t. p. sq. ln. 1 mln. 46 t. p sq. In. 
(60 kg./mm.•) (70 kg./mm.') 

To be given. 

1 test for each lot of 200 rails and 
portlon thereof. 

Should the test plece fall to comply 
wlth the lmpact aud ten•lle tests, 
n second and eve11tually a tbird 
rall Is taken from the same cast. 
Should oue ot these tan to fulfll the 
specifled requirements al) the rails 
belonging to such cast may be re• 
jected. 

The whole delivery cau be rejected 
lf on testlng no settled convlctlon 
Is arrived at o! the fnultless coo
dition of tbe rails, or, ll after the 
ralla are accepted, detecta or de
taults, arlse showing that the rails 
have oot been made in accordance 
wlth the speclfled condltion. 

Up to 29½ ft. (9 m.) 
± .¡.. In. (2 mm.) 

Above 29½ ft. 
(9m.) 

± t In. (8 mm.) 
Novariatlon In the 

case of tongue 
rails. 

Up to 89 ft. 4 In. 
(12 m.) 

± l In. (3 mm.) 

li per cent. of contract may be shorter 
thao speclJled. 

Warped rails not / Up to t in. (3 mm.) 
accepted. for 29½ ft. (O m.) 

verticallyand hori
zontally. Those 
warped rails whicb 

l
. are more thao ± 

in. ( ± 1'6 mm.) l:om tbe atraight 
will not he ac
cepted. 

Gre&t Britain. 

FlatBottom Bull Head Railway 
Rallway Rails. Rails. 

lblow. 2 blowa. 

- From 1·1-1\r" l.6t 
25·4-S3·S } blow, 

mm) accor-
to f-lt'\," ' ding to 

(22.2..;¡(n welght 
mm.) 

0t~~~~-
From 3-St" 

(76·2-95·2 } Znd 
to 

8 
¡.~-) blow, 

(76·2-108-0 ditto. 
mm.) 

1 test from each 1 test from ench 
cast, in addltlon cast. 
one ftnlshed rall 
from every 200 off. 
ered. 

Diameter 
(U·8mm.)0·5641n. (20·3mm.)0'798in. 

A.rea (161 ·3 mm.•) (322·6 mm.2) ½ S(J. 

¼ 8((. In. In. 
Gauge leogtb (50·8 (76·2 mm.) 3 los. 

mm.)2". 
(85·7 mm.) SI los. Parallel for a 

length of not less 
tbao (57·2 mm.) 
2¼ in&. 

(63-75·6 kg./mm.2) (ó9•9-70·9kg./mm.2) 

40-48 t. p. sq. in. 4<M8 t. p. sq. In. 

ló per cent. (min.) 15 per cent. (mln.) 

1 test for ench 100 1 test for eacb 100 
tous rails. tons rails. 

Should the leugth cnt trom the select
ed rail fall to comply with the drop 
test specifled. two otber ralls rrom 
same cast wili be selected, both or 
which mUBt comply with spPcifled 
rcquirements ot· cast will be re• 
jected. 

Shou 1() the test piece fail to comply 
with the tensile test, two other 
rails may be taken from the ••me 
cast, both of whlch most comply 
with the specitl.ed requlrement or 
cast will be rejected. The engineer 
roa, then take similar test pieces 
from two other rails out o· the 
snme 100 tous and should eithcr 
tall whole 100 tons may be rej<,0ted. 

Normal length, 

1
9"144, 10·978, 13-716 
or 18·2SS m. (SO, 36, 
45 or 60 ft.) 

± Ir In. <•·3 mm.) specilled Jength. 

7½ per cent. of contrnct maybe shorter 
thnn specUled. 

U.S.A. 

Tramway Rails. Rails. l O.H. Itall1. 

1 blow. lblow 

- -

- -
1 test from eacb J teat from everr caat. 
80 ralla. 

<OO<mm.JU•.J•••· i (822·6 mm.2 ) ½ sq. in. 
approximate sec-
tional area. 

.Not called fow. 

""' ¡mm 'l J at least 401 ./sq. In. 

12' per cent. 

1 best for eacb 100 
tons rails. 

1 

If the test plece 1 
fractures under 
drop test, ali ralls 
froru that cast may 
be rejected, unless 
lt is shown from 
similar tria! on 
two turther pieces 
of rall that Jlrst 
piece was not fair
ly representatlve 
of qnality of steel. 

Should test plece 
fail to comply 
with tensile test 
aoother rail may 
be taken from the 
same cast, a.nd it 
must fulfll speci
tled requlremeuta 
or cast wlll be re
jccted. 

Normal JenJtth, 
10·668, 13·716 or 
18·288 ru. (85, 45 
or 60 tt.) 

2½-6 per cent. 

1 
shorter as speclfled. 
± ¼ in. (6"3 mm.) 
from the Jengths 
apecilled. 

lt any rnll breaks under drop te9t, 
two ndditional tests wlll be malle 
from same cast, nnd lf elther of 
latter tests faii ali ralla ot such 
blow will be rejected • 

• 

Normal lengtn, RO and 33 feet (9·1 u 
and 10·058 m.) 10 per cent. of order 
will be accepted in length varying 
by even teet to 24 feet (7·312 m.) 

± 1 In. (6·35 mm ) speclfled lenith. 

Square nt ends not over n In. (O·S 
mm.) varlatlon. Mnst be stralght 
in Une and surtace. 
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r A BLE CVII.-SPF.CIFWATIONS FOR STF.F.L RAILS.-Cnntinued. 
,- ·-r Germany, Great Britaln. U.S.A. 

·--·· 
1 Ralla and Tongue Tramway Ralla, , l!'lat Bottom 'Iramw~ Italia. llaila. 1 O.H. RaUs. Ralla. Rallway Raila. RaUa. ! -

ll Permlaslble Varia. 

Bull Ilead Rallway 1 

tlona -Continmd ± nin. (l mm.) ± n iñ. (1 mm.) In poaltion and ± /, l11. (0·Smm.) ± ,h In. (0·8 mm.) For ftab bolta-h in. llwlt accurately conform to drawing. 
alze ot bolea - '1·6mm,) 

' 
In wtdth ot bead · ± /0 In. (0·6 mm.) ± ,'r In. (1 mm.) n In. (1'6 mm.) 

Iothlcmeuofweb ± .;. in (0·6 mm.) ± ,'r !u. (1 mm.) 

In widthof bottom ± nin (lmm.) ± .¡,. in. (2 mm.) n In. (l '6 mm.) 

In helabt . . ± n In. (0 '6 mm.) ± n In. 11 mm.) ± Po In. (0·8 mm.) - h In. to+ .¡. In. (o·, to+ 0·8 mm.) 
Dis anee betweeu 

ftsblng angles 
± h In. (O·• mm,) 

(b)Wefeh' 4 + 8 per cent. + ,percent. + t per cent. calcul&ted welf.ht, but Max. 1 lb. rr yard + t per cent. accefted and paid for to - 2 pe,· cent. to - 3 per cent. - actur.l welght ouly pald or. (0·6 kg./m. according to actua welght. 

.Addltlonal welght Addltlonnl welght 
º'!fu to l per cent. up to 1 per cent. 
w be paid for, will be paid tor, 
otberwlae the ac- otherwlae the ac-
tua.l welght. Nor- tual welght. Nor-
ma.l welght belng ma.J weight beinl 
the actual w~ight the actual welgh 
of 60 fauJtleosly of 60 faultlesal:r 
rolled ralls. rolled ralla. 

rABLE ov11L-SP110U'10AT1olfe .-oa F1ea PLATu. 

r 

1 
ll 

• 

Materl&I 
Proceas ot Manufarture 

ll'ln1lh • 

• 1 Chemlcal A nal;ra1' -
6 Brandlng • 

6 1 Pb:,alcal Teeta-
Tenaile Teata 

Bending Teat,-
Span -
Pennanent Dell.eotion 

Wedging Test-
(Aufkellprobe) . 

Number ot Testa 

'I I Bejeotlon ot Fiab Platea 

• Permiaslble Variatlona. 
(a) Dlmenelona-

In length -
ln positlon and elze 

ot boles • • 
In bearlng face 
In thlckness 
In other dimensiono 
In distan ce ot cllncil-

es (Im Abstandeder 
Einkllnkungen) 

In alze ot clincbes 
(b) Wel¡iht 

German;r. 

J'lah Platea tor Rallway and Tramwa:r Ralla. 

Ingot Steel. 
Optional, 

to be apecl6ed, bowever, In tendera. 

Accordlng to templa te, smoothly an d 
cleanly rolled. No oracks, tuse boles, 
detective edges or otber detecta. Per
teotly atraigh t. 

Manutacturer's mark, :,ear ot delivery, 
sbown by last 2 figurea, number men
tioned on drawiug. 

Ingot Steel ot 24i to 82 t./sq. In. 
(38-50 kg./mm. 2 ) 

Ingot Steel of 82 to 89 t./sq. in. 
(60·60 kg./mm.•) 

(J6U in.) 420 mm. 
min. (t In.) 6 mm. 

At the tront opening of the cllncb (Klinke) 
at least -f> In (2 mm.) with a wedge ln
cllned at l : 20. 

l test for each 600 Flsb Platea. 

It 2 from eacb 100 of a part dellvery aub
mitted for acceptance tan to comply with 
apecifted req uireruents tbe whole ot auch 
part delivery may be rejected. 

± l In. (8 mm.) 

± -n In. (0·5 mm.) 
+ T1!1r In. (0·25 mm,) 
± Tirln. (0'6 mm.) 
± ·,ls In. (1 mm.) 
± -r,z In. (2 mm.) 

± n; In. (1 mm,) + 3 pe1· cent. to - 2 per cent. 

Great Britaln. 

J'lah Platea tor TramWQ" RallL 

Steel, 
Optioual 

but the steel shal I be In ah respecta elmllar 
to that used in the manufacture of the ralle 
and to be npproved by purchaser. · 
Contormtng to template, quite etrab:bt 

a.nd smooth on aJl bearlu1-t surfaces, free 
trom twlsts, cracke, bllsters or other de• 
tects. aud ahall bave ali tlns and burra 
c&refully remond .. 

.According to tbe requirements •pecifted 
for Raile. 

~ 
Brand, "B.~.,i• Xumber, llanu
facturers· Name (lnitlala) an<l 
year ot manufacture, rolled In 
ralsed letters ot at least ½ in 
(12·7 mm.) In size. 

.At least 40 t./sq. In. (68·0 kg/mm.•). In 
accordance with the requirements epecl
lled for Tramway Ralls. 

Capable of being bent cold, and betore 
beiog punched, to a right angle rouod a 
bar~ los. (101'6 mm.) in dlameter, with• 
out ahowing fracture on outslde. 

(Same as for Tramway Ralla) l test tor each 
100 too. 

(Same as for Tramway Ralls.) 
If tbe test plece tails to comply with the 

speclfications, another test piece of same 
cast wlll be teated, 

± -h In. (1'6 mm.) 

Actual welght is pald for. 

The ftnlshlng temperature in rolling 
Is controlled by the amonnt uf 
ahriukage, not more than 6,'wlnches 
(163·6 mm,J allowed per 33 feet 
(10·058 m.) 6-lb. rall (87·2 kg./m.), 
wlth n (1·6 mm.) increase per 
each increase ot 6 lbs. (2·6 kg) In 
the welght of tbe section. 

u.a.A. 
8plloe Ban. 

Be;semer or Open Heanla., 

Smoothly rolled and true to template. 
Rheured accuratel:, to I ength and free 
trom fina or cracka and &hall perfectl:r lit 
the rnils. Punchlng and uotching shall 
accurately conform in every reapect to 
drawings and dimensiona fnmished. 

Phosphorus not over 0·10. 

The name ol tbe maker and year of manu
facture shall he rolled In raised Jettera 
on the eide ot the spllce bar. 

55,000-65,000 lbs. per sq. in. (38·67-45·70 
kg/mm.•J. Eloogatlon in 8 ins. (203·2 
mm.) not lees than 25 per cent. Mini
muru yield point, O•ó tensile atrengtb. 

180° flat E:::} 
A full sized bar fln,t aattened and then 

bent 180' ftat. 

1 test trom e,ach blow or melt. 

Each blow or melt accepted or rejeoted ou 
reaults of tests rrom that blow or melt. 

Must be rolled true'° templat& 

Actual welght la paid for. Addltlonal welghtlspald forup tolpercent. 
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