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SPECIFICATIONS.

AMRRICAN SPECIFIGATIONA

-

Tae standardisation of specifications for steel rails, tires, axles, castings, .
forgings, structural -steel, boiler plates, &ec., has ‘received considerable
attenfion. since 1882, when the International  Association for’ Testing
Materials was originated. 1 . _ ol TS
¢ The American segtion of this Association was opganised in 1898, and
was superseded by the American Society for Testing- Materials in 1009, ¢
This Society, publishes s Year-Book devoted chiefly-to the publication of
the standard spegifications and standard methods adopted by the Society,

The following ‘specifications have been-adopted by this Society, and it
will be=seen. that; with regard to chemical composition, the amount of
; Carbon is not generally specified when & tensile test is required, the
No. 66.—Steel rail as rolled. Transverse sectioi percentage of constituents other than Phosphorus: and Sulphur being left
o T Magnifiention 160 dizmeters. 3 to the manufacturer. In some cases, however, the amounts of Silicon and
- Manganese are also specified.
ar sk It has been recognised that, for the same chemical composition, steel
. 0042 ::;‘p“:u ; : 0050 produced in the Basic open hearth is softer than acid Bessemer steel, and it
: 'U'::H i : i"l‘:g 18 quite safe to take higher Carbons, especially if, at the same time, & lower

Phosphoris, e SR Manganess, - TN A percentage of P}msplwrua E Cxchonn e
Mangunese, . - g % : : d 2 :

vo. 656, —Steel rail as rolled. Interior of heads. .
verse gection. Magnification 150 dinmeters.

Cart . 0-368 Carbon,
larbon,

Silicon, .
Sulphur,

rairly high Carhon and high Manganese rail. X !
D Y AMERICAN STANDARD OPECIFICATIONS, TEST Pieces, ANp METHODS OF Trsr-

ING IRON AND STEEL, ADOPTED BY COMMITTEE No. 1 oF THE AMERICAN
BECTION 0F THE INTERNATIONAL AssociaTiox ror TesTiNG MATERIALS,

The Committee recommends the following as the general requirements
which international specificgbions:should include +—

Process of Manufacture,— The process or processes of manufacture
of a steel for a given purpese shonld be specified, sbut the details of the
process should be left to the manufacturer, .as a satisfactory product is
produced by methods of manufacture varying.in different countries.

The proportions of . eertain of the . chemical constituents, especially
Bulphur and Phosphorus, should,be specified to be’ within certain limits,
and limits should be preseribed to all physical properties which determine
the suitability of the steel for the purpose intended.

The number and location of the test pieces should also be specified, the
general methods of determining the phygsical properties specified given, and
how the sample for chemical analysis should be taken,

The specifications should also contain olauses governing the required finish
and branding of the material, and a clause granting the inspector the neces-
sary facilities to see that the provigions of the specification are carried out.

For steel rails, the following clause may be inserted :—

_ “The entire process of manufacture and testing shall be in accordance
Xo @7.—Cement bar. Showing Pearlite and Cementite. d "lth tha best current pract-ice, special P baing given to the. following
: Magnification 150 diameters. R instructions :—Ingots shall be kept in a vertical position in pit heating

furnaces; no bled ingots shall be used; sufficient material shall be discarded
the top of the ingot to insure sound rails.” 33

Example of low Carbon and low Manganese steel rail.
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APPENDIX 1. 493
Methods for Tensile Tests.—When the yield point is required it may
be determined by the careful observation of the drop of the beam or halt in
the gauge of the testing machine.
The following are the dimensions of TesT SproIMENS recommended :—
Bending Test.—For castings and forgings 1 inch wide by } inch thick.

. With structural steel for buildings, and for bridges and ships, and with
open hearth plate and rivet steel, the width should be 1} inches if possible,
and if the thickness of material is % inch or less, the specimen should have
the natural rolled surface on two opposite sides, but with material more
than { inch thick the specimen may be % inch thick.

Methods for Bending Tests.—The bending test may be made by pressure
or by blows.

Methods for Drop Test,.—The following details are recommended :—

(@) Rails.—Pieces tested should not be more than 6 feet loung.
should be placed head upwards on solid supports 3 feet apart. The anvil
block should weigh at least 20,000 1bs.,-and the supports should be a part
of, or firmly secured to, the anvil. The tup should weigh 2,000 Ibs., and the
striking face should have a radius of not more than 5 inches.

(6) T'ires.—These should be placed vertically under the drop, in a
running position, on a solid foundation of at least 10 gross tons in weight,
and subjected to successive blows from a tup (2,240 1lbs.) falling from
increasing heights until the required deflection is obtained.

(¢) dzles—Axles should be placed on supports 3 feet apart, in such
position that the top will strike the axle midway between the ends.

They

Weight of anvil,

Weight of tup, GFOSC B Al SRR

Radius of supports and striking face of tup in
direction of the axis of the axle, 5 inches,

The anvil should be free to move in a vertical direction, and is supported

by twelve springs. i

The following is a summary of the principal points recommended by the
Committee for American specifications, and appended are specifications in

tabulated form, showing the detailed tests, both chemical and mechanical,
for different classes of material :—

. . . .

« 17,500 lbs,
1,640 1bs,

AMERICAN STANDARD SPECIFICATIONS.
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castings, axles, _forgmgss 9 inches gauged lengbh. Struetural steel—} Process of manufacture, percentage of P, tensile strength, yield
recom%neuded } inch du;unetex}'1 anie%::g )pla%es “used in structural stﬂaelli‘:; Buildings, . point, elongation, ;

" Pensile Specimens.—For t eb" ot ik ships, and in open hearth p - Boiler Plate and) Process of manufacture, percentage of P
buildinks, structural steel for bridg hes long, 13 inches wide, the thickne! i | Rivet Steel, .| strength, yield point, elongation,
) - |
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Splice Bars, . ., Process of manufacture, percentage of C, P, and Mn, tensile
Ty strength, yield point, elongation, bending test,
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portion shou

Process of manufacture, percentage of P, 8§, and Ni, tensile

strength, yield point, elongation, contraction of area, drop
test.

Process of manufacture, percentage of Mn, Si, P, 8, tensile
strength, elongation, contraction of area, drop test,

Castings, Process of manufacture, percentage of P and §, tensile strength,

yield point, elongation, contraction of area, drop test, per-
cussion test, bending test.

Forgings,

, 8, and Mn, tensile
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BrITISH STANDARD SPECIFICATIONS.

as result of first blow,

thickness at centre of
bent cold round curve
shall bend cold 180°

No. of
Blows.
defiection given.

3

3

90° for medium castings.
without fracture—

rging over 20

T
Bending Test. — Test piece

Bending Test. — Test piece
120° for soft castings.

annealed,
For carbon steel—irom

By the kind permission of the Engineering Standards Committee, I am
permitted to give particulars of the principal British Standard Specifications
8o 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 some cases
limits for Silicon and Manganese are specified, and, generally, the process
of I{lanufauture is stated. The usual tensile tests, with eiongation, are
required, and in some cases cold bending tests, both on the untreated and
quenched material, are specified.
Drop Tests.—These are required for rails, axles, and tires.

_Rails.—The drop test for these varies 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 Ibs. 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
different rails —

fo
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METALLURGY OF STEEL.

Buir Heap Raiis.

FALLING WEIGHT OF TEST.

First Blow. Second Blow.

No. of “B.8.” Bection and ‘
Nominal Weight of Rails per 7 l =
|

Yards in Lbs.

Deflection Deflection

Drop,

From To From To

o

Inches. Feet. Inches. | Inches.
10 3%
12 3i
12 3%
12 33
15
15
20
20
20

s 5 8 & & -8 ® 8

Syl STt

Axles.—Locomotive straight axles have to be placed upon bearings
resting on a block of metal of not less than 5 tons weight, slupported on a
rigid concrete or other solid foundation, and must withstand, without fracture,
five blows from a falling weight of 2,240 Ibs. as specified below.

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

Number Height of Distance Apart of

Diameter of Axle at Centre. of Blows, | Fall, in Feet. Bearings.

b

Under 4 inches,

4 inches and under 4} inches, .
4% 4

44

4

5
9%
9%
5§
6

s & o o e @& o= S & of

APPENDIX L

In the case of carriage and waggon axles, the following drop tests are

.speciﬁed;, the bearings resting on a solid foundation, as in the case of
locomotive axles :—

Number Height of Distance Apart of

Diameter of Axle at X
Centre, of Blows. | Fall, in Feet. Bearings.

Under 3% inches, .

3% inches and under 4 inches, .
£ N 4}
» 44
43
=8
5¢
5%
5%
6

o o oo O & o o o

and over, .

1 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
ll_letal of not less than 5 tons in weight, supported on a rigid concrete founda-
tion, and must withstand, without fracture, blows from a falling weight of
2,240 1bs. 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 internal diameter of

the tire as rolled, in inches, and ¢ is the thickness
) hickness of the centre of tk
B s e

Class C. Class D.

Tensile Breaking Strength, Tensile Breaking Strength,

50 to 55 tous per square inch. 56 to 62 tons per square inch.




METALLURGY OF STEEL

The tests for carriage and waggon tires are the same as regards the
falling weight and height, until the following deflections are shown :—

Class B. Class C. Class D.

Tensile Breaking Strength, | Tensile Dreaking Strength, Tensile Breaking Strength,
49 to 48 tons per square inch. 50 to 55 tons per square inch, 56 to 62 tons per square inch:

The following tables give a summary of various British Standard *
Specifications, but full particulars as to detailed requirements are obtain-
able only from the following publications of the Engineering Standards
Committee, which can be obtained at their offices, 28 Victoria Street,
Westminster, 8. W, :——

No. 2. Tramway Rails and Fishplates.
9. (Revised July, 1909) Bull-head Railway Rails.
July, 1909) Flat-bottom Railway Rails.
September, 1910) Structural Steel for Shipbuilding.
March, 1907) Structural Steel for Marine Boilers.
August, 1912) Structural Steel for Bridges and General
Bualding Construction.
1911) Railway Rolling Stock Materials.
November, 1909) Ingot Steel Forgings jfor Marine
Purposes.
. Steel Castings for Marine Purposes.
. (Revised December, 1914) Steel Fishplates for Bull-head and
Flat-bottom Railway Radls,
A, Steel Fishbolis and Nuts jor Railway Rails.
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) - E ” " -l e ; ] [ { : syes over j inch, . 1§ inches.
o 5 H " 1 = B - o — 0 ” " rom § tu_g fnch, 2 °
) o™ t " ) w less than  inch, 2}

1) " ”
?f) For Sections and Flat Bars.
() Whichever is least.

() When number of bars from one charge excee:
In round Bars of 13 ins. dia. and under,

(§) Plates over 2§ tons, one cold and one temper, from opy

pposite el

ds 15, one additional veet tor each further 15 or portio:
the number shall be 50 in place of 15.

nds.

1 thereols

— e T —
AL o 6 LT 0F T O T D e i
AL UFGTH ANET [ e ’

=
|
!
|




METALLURGY OF STEEL.

Jellt i

TENSILE TESTS.

‘ Minimum
l Extension per cent.
on
Standard
Test Piece.

Tensile
Breaking
Strength,
Tons per
Square Inch.

MATERTAL.

For Locomotive Frames, 27 (¢)

27 (¢

Do.,

Standard
Test
Piece.

per cent, of
Ult. Tensile
Strength.

Yield Point

Number of

2 each casb,
i

Do.,

,» Oarriage and Waggon
Underframes,

27 (e)

Do. do., 27 (e)-

"

Do,,

,, Bridges, A Steel, . _25 (e)

, ‘General Building Con- 26 (e)
struction, A Steel,

1 each cast,

Do.,

»» Ships,

STEEL RIYE’I‘ BARS.

1 each charge, -

Locomotive Boilers,

»

s Marine Boilers,

% each cast,

92 each charge,.

APPENDIX

ATESTING REQUIREMENTS.—Continued.

I

T

13 |14]15

BEND TESTS

ms‘o{ Internal
Test Piece. in Inches.

Radius of Bend,

Arngle of Test,
in Degrees.

Nutnber of Tésts.

PROCESS OF
MANUFACTURE.

PERCENTAGE
OF IMPURITIES.,

Sulphur,

CoLp lgnﬂ D8.

Hor FLANJGING TESTS.

The rivet shank to be bent
cold, as shown in sketch.

shown in sketch until 24 times

crack at edges,

The rivet head to be flattened as

the diameter of shank without

Basie,

Open hearth, Acid or

08 ‘06

Not requifred.

06

Not requiired.| -

‘06

06

Not requi,

+ Open hearth, Acid,

‘05

Basic,

Open hearth, Acid or |

Not requi

Tor Bull-head (railway), 40-48

Flabbottom  (rail- || 4048

13
way), |

CorD

1 each 100 tons;, =

CorD

‘ Do.,

40 min.

.y Tramway, .

CorD

| Do,

No bend ﬁuts, but tup test as given on pp. 495 and 496,

Open hearth or Bessemer,
(k) Acid or Basic, (m)

076 Acid
or Basie,

(&) Do., (n)

07 Acid
or Basic.

Do., (m)

*08 Acid

80 min,
85 min. (oil
hardened)

Locomotive Crank

Axles,

For

CorD

1 each web,

30 min.
85 min. (oil
hardened)

Do.,

CorD

Do.,

Loco, Straight Axles, . 35-40

CorD

2 per cent., buk’
each cast,

Do., 35-40

Carriage and Waggon 85-40

Axles,

STEEL AXLES.

CorD
CorD

Do. 35-40

3

CorD

Do,
Do,

T .-

90, and ends
brought
together,

1 cold each web,

@ !

®
i

Open hearth, Acid, .

or Bagie,

N36

Do., Do.,

| Do,

Not-reguife

Do., 1 cold, .

(0) E|

Do.,

1035

Do., Do.,

(o) |

Do,

. || ot requi

Do,, Do.,

()

Do.,

035

125

Do., | Do,

(0)

Open hearth or Bessemer,

All axles are required to stand a falling weight test, which varies with

Acid,

Not requi

diameter of axle, see pp. 496 and 497.

(2) When tested on & Gauge length of 4 dias. (Test piece F) T
elongation shall be not less than 32 per cent,

(¢) When tested on a Gauge length of 4 dias. (Test piece F)
elongation shdll be not less than 30 per cent,

(g) Whichever is least.

(k) When number of bars from one charge exceeds 15, one

additional test for each further 15 or portion thereof.

In round bars of 13 ins. dis. and under, the number

shall be 60 in place of 15.

(1) When weight of bars exceeds, from one charge, 10 tons,

one additional test for each further 10 tons or portion
thoraof.

Carbon, 35 to *50.
Manganese, *70 to 1'0,

—— 1= — .
: — @ Also speoified | Carbon, 40 to 5.

- . - | Manganese, *70 to 1-0.

(k) Also specified {

Y PARALLEL PR A LLIGTH OF AT LESS THAN B TIMES THS O
(m) Carbon determinations of each cast required.

(n) Carbon and Phosphorus determinations of each cast required
(0) Only for orders of 15 axles and under when drop test is not taken.
() For round webs, 1 each end of axle.




| | , TING REQUIREMENTS. —Continued.
5 i i
L 8 9
TENSILE TESTS, . . I | 9 | : 37 MI 15'

BEND TESTS e T
IMPURITIES.

MATERIAL Tenslle Breaking Minimem Extension Yield Puint

Seandard ”
8 th. eent ou ceat of Number of Testa, B
Tons par g, Tnsh | Stiadusd Test Piece Tent Pleen. |y o e Servagih 18 | Badias of Eend in Inches. Aﬁ:‘?ﬁ;;ﬁ“ Kamber of Tests.

For Loco, Tires, Class C, 60-55 13-11 c | = * !-':crifg::i.' bub at I i i

‘ | Do < = | Open hearth, Acid,. . 035

PROCESS OF MANUFACTURE

Do., Clnss D, b6-62 10-8 C

5 - Do., P
Oarviage and Waggon 42-48 18-15 C ‘ — Do, ; e | Do 035
o ‘ =, o
Do

Tires, lass B,

o | Do., . 035

Do., ' |

Do, do., 4248 | 1815 c

A

- J\ Upen hearth or Bessemer, |[Not requi
Il Acid,

Do., Class C, 50-65 15-11 C Do,

Do do 5055 18-11 c . = ; o Open hearth, Acid, . .|| 038
-4

STEEL TIRES.

Open hearth or Bessemer, —
|
L

Do., Class D, J 66-62 10-8 Do., = I W l xt .
{ : — = | Open hearth, Acid
" All tires are required ta stand & flling weight test, which vares sl T—| — L L
i . |§dﬂul dismeter of the tgire'. tl::z! ;)[fsis'n“nnfihu:s. FHEROR TS
For Locos., Blooms, Class A,'| Up to27 | CorD 1 each cast, .,
special, case- }

&

9" longx1-25" 126 d O ‘
oo 5 : mbar?mu?::.dﬂ 1 cold each cast, , | Opleszaié:earth, Acid or

hardened,
together, |

Forgings, do., Up to 27 2 | corD 2 per cent., but At IS ;
e | | 1 each cast, : Do., 2 per cent, cold, but at |
least 1 each cast,

Blooms, Class B, | 25-32 CorD 1 each cast, , i ]
ordinary, ! 3 1 cold each cast, . 3 }

; -

Forgings, do., | 25-32 CorD | 2 per cent., but at'l - o
) I I’ each cast, 1 2 per cent. cold, but at | Do

least 1 each cast, If o

Blooins, Class C, ‘ 32-37 -4 CorD 1 each cast,

e e 1l v [Heomtonchcast .| Open hewrth, Ak,

1 = — [

Forgings, do., 2-8 CorD 2 per cent., bub a6 ,I g I
1 each cast, X 4 S 2 per cent. cold, but at Do.

- least 1 each cast, S

Blooms, Class D, 0- CorD 1 each cast, : Y I
special, with 3 1cold each cast, . “ Do.,

wearing surfaces

Forgin, do. [ CorD 50 2 per cent., but sk i >
gings, ' 1 each cast, h 195 2 per cent, cold, but at ‘

| —— - least 1 each cast, [‘

Blooms, Class E, 26-32 28- CorD — | each cast, . & 7 12 f —_—
Boiler Forgings, | 4 -4 | 1cold each cust, . . Do.,

Do.,

STEEL FORGINGS.

__‘ ! |

‘ 2 per cent. cold, but at -‘I IF.,

0., Forgings, do., 26-32 _C(H)* - 2 per cent., buk i ‘ ; =
P e R ! 1 each cast, 12

|
. least 1 each cast
| 99.17 At least 1 each forgiligl e + |
Marine work, 28-40 " o) | CorD | : small forgings e Up to 82 tons max, [ 180 !
der, L
‘ ‘

Not more | | Quality factor, 57 of the or tensile, ‘265 in. Mfoi‘?:lr;t Fn L (AR ( Upj‘:l:ui.;!leﬂrtl" Acid or
than 4 tons : ’ Jasie,
between any| Do., CorD Doz [Above 32 up to 36 tous! 180 [ Do..

max. and ! max. tensile, ‘375 in,

min. speci- || — Ca

. min. spe Do., CorD | Do. Above 86 upto 40 tons|

| | = | max. tensile, 825 in | l

For Locos., General Castings,|| 35 min. (r) (r)| CorD 1 each cast, S 9 long x 11 1

: g5 1 wmin. ) @ . dlnnﬁet,eé 1% 90 | 1 cold each cast, (]
| st ! |

e b

Do.,

, Do., Large or Import-|| 85 min. (r) (r)| CorD v 8 1 J
’ ant Castings, 206 min. (4) @) | 128 90 ! 1 cold each casting, (s)

CorD § i f
125 1cold each wheel ceutre, |

y» Do, Wheel Centres, . || 26 min.

Marine Work, Grade A, || 8540 C,D, orE | : | —
“ i | P 9 60 | At least 1 cold each  [lOpen hearth, Acid or Basic,
Do. do, B,[ 285 2 C,D,orEl — : 1 e | || charge (o), if cast- | i
| A | 120 ‘ + Ing madefrom more Do..

Do. do, € 2635 | 5 C, D, or E|
Do. do., D, || — - I

STE.L CASTINGS.

|
f — A U - Tl
" . |

E | —

Do.,
Do.,

e | a:la:'
&[S

|

- (p) Small castings, 1for each
; Dia. = 977 in. pouring head.

o (r) For castings with wear-
E Area=1 sq. in. ing surfaces.
]
.
'

All the tests given i
€n in the above tables are reconsidered b C:
€ side y the Committee every year, .
liable to be altered from time to time. TS A CH

4
|
|
|
1
i
|

Dia

m

BT TP R

1 oy T .‘-_I
) |
b 3 Gauge Length —'! (u) For waggon  wheel
{Parallel %ralengéfr of not Jess thad centres, 1 each cast. '{,

- (#) For  casticgs without

1 Thelm,em‘ﬁ S,
11 ttional Association for Testing Mater have recent
wearing surfsces. Breat Br ¥ Generials have recently published a comparative summary of specifications for

k Gauge Length A0C SERIE tations pyyiys ) *c States of America, and Germany, for structural steel, rule con et
4 %lmﬁ g?!ﬂfl "Iturh]wmm lﬂfg lil':um: respective countries by _Er:s'[nuering Standards Committee t!?eaf\er:x'ell}-?::: %%fi';’t"d?'d -?‘"’d!"
he Verband fiir Materialpriifungen der Technik, and they are a'pllemlpri 5 %

s B

lith enlarged ends=
lengthof nat less than 4t




MBTALLURGY OF STEEL.

Germany.

Great Britain.

Material -

Finish - =

and Certificate

Chemieal

5 | Branding -

6| No. of Test Pieces ‘

Shape of Test

| ‘T'est Pieces «

Chemical Analysis

Composition

Bpecimens

Siemens-Martin or Bessemer (Thomas).

Smooth, free from cracks, blisters, and
defective edges.

Each plece to be marked, with No. of cast,
in case of cast test being agreed upon,

In case of a cast test being agreed upon: 3
pieces from each cast at most, however, 1
piece from every lot of 20 pieces or part
thereof.

Tn case of no cast test being agreed upon : &
from each 100, at most, however, 1 piece
from every 2 tons or part thereof.

Area=} -7 sq. in, (300-500 mm.?) for tensile
strength.
ror rounds of less than
diameter : §8” (20 mm.): I=10 x diameter:

o BT (2207)

I3 ;—‘\....-_
o & E"
B/28(107%) 32" (10 )

For Bend Tests.
Width 1/ - 13} (30-50 mm.).
Bar, rods, ete., in thickness aceording to use.
Quter skin not to be damaged,

Cold, sheared edges, ete., removed by mil.
“ing, planing, efec.

it is taken is to be annealed.

Test plece to be
annealed only when material from which

|
Open Hearth. | Botseroh

Plates, rivets, and Sectional materiall
.ectional material | for general Duiliss
for bridges ; plates ing constiruction. 8
and rivets for | |
general  building | i
construction. | }

Free from cracks, surface flaws, laminations |
&e.

0Of each cast upon request of purchaser,

Building Construction,

Bridges,
per cent,

per cent.

! 006 plates and rivets.
P, 008 008 sectional materials
s, 006 | 008

2 places with makers name or trademark,
place where made, and No. or marks By
which they can be traced to cast

One tensile test from every cast or 25 oIS

. whichever is least. I

One cold or one temper bend tesf fromi
each plate, section, or bar, as rolled.

For o %” I 1
thickness |(22-2 mm. )(9°5-22"2 mmn.)
d.h &= 14 o

(881 mm.)| (508 min.)
jo B.Goae length202e75)

ih '.

r———

..not less 97 (228871 ]
eemom s v AR 1B ST R T L

For Bars, Rods and Stays.

Parallel for length of not less than 8
diameter. e -

With enlarged ends: parallel for Tength
not less than 9 times reduced diame

Rivet bars tested full size as rolled.

Bend test pieces to be not leas than1}
(381 mm.) wide.

Test pieces to be cub lengthwise or €4
wise from plates, and lengthwise s
Sectional Material and Bars,

When material is annealed or Obf
treated, test pieces to be similarly trel
Straightening to be done cold.
edges to be removed by milling, P
etc.

s |
Open Hearth or {=

APPENDIX I,

FOR STRUCTURAL STERL..

—

Btructural Steel for Bridges,

—

Structural Steel for Buildings.

Open Hearth.
Open Hearth or Bessemer.

%{"jvet steel and steel for plates and angles over

i" in thickness, which are to be pn
be made by the open hearth procepa:cmd' hal

8mooth, free from injurious seams, flaws, cracks, &eo.

Certificate re contents of :
P, §, and Mn. \

Highest valuesrin percentage.

Btructural Steel,

Structural Steel.

Rivet 8t
| ivet Steel. ‘ Rivet Steel.

All plates and sectional material marked in [

0:(}4 Bessemer, - - o
004 Open hearth, - A 006

Aeid, - - - 008
: 0-04

Py, Basie, - - . 0'gs |
S e }

Every finished piece of ste i
el marked with blo
N oli aindpame of manufacturer, except that 1'1\':{
gu attlc? steel and other small parts may be ‘
undled with above marks on attached metal tag.

Every finished piece of steel stamped wi v
No. except that small pieces ma egbiinri
bundles with metal tagpaLt-a}:hedfr i
|

At e i

4t least 1 teusile test and 1 bendiug test from each melt of steel as rolled

For tensile and bending tests for plates, shapes, and bars.

i I (i
e TH o) JEET)

_ o SRR
hilo ooy -

Milled to form shown in skeféh i :
ich, or with botl
:?'egﬁ?r lg}rg}l(elig; 1m- the)yfms.y be turned to a ri)ita'a.i
‘1 mm:) for a length of at least 0
(2286 mn,), with enlarged ends. aug -

The standard shape of the test speci )
sheared plates shall be as shown bypt.}?:ﬂigt{fzgl
For other material the test specimen may be the
same as for sheared plates, or it may he planed
or turned parallel throughout its entire lenoth

a_n‘d, in all cases where possible, two oppo}ité
iffi;i(ﬁf the test specimen shall be the rolled

Rivet rounds tested as rolled,
Special regulations for pins and rollers.

When material is aunealed or otherwise similarly treated, test pieces to be similarly treated




METALLURGY OF STEEL. 3 | APPENDIX 1.

FOR STRUCIURAL STEEL — Continued,

o BT
Germany. Great Britain.

Structural Steel for Bridges, Btructural Steel for Buildings,

—

Minimum| 8 | : Elongation.
e e Elongation,

Phyeical Tests, Only for a thickness of Tensile Strength, fpyocotion
Properties =187 (T to 28 mm.). 1bs.j8q in. i _Tensile '
s WB"L:‘V l Btrength, Minimum Tensile

[For other thicknesses as to beagreed upon.] e ’ . Strength, o
: Platesandsec-|  12.720-71,080 l 20 1bs. [sq. in. e lbs.;srf. oy - Mn};ﬂum

> 2
A. Tensile Tests. tional material (44.1150.5 ke . 2)
4 ¢ cent.

Tensile Strength, iElongabwu Tor aterlal noder & (9w ffhit:k;' . T

1bs.fsq. in. per cent. 8 ins. Structural | 95,000 to 65,000
7

ired 60,000 b .
bend tests only are required. =  Bteel | (422 kg /mm.2) | (208-2) | 1,500,000 Steel | (3877467 8 ina.
Lengthwise | 52,625-62,581 T e e o foumn. 2| 2089 | 1,600,000

(87:44 k. mm.2) | Bivet hars l B o gl AR Rivet Steel 50,000 8ins. | Strength |pj 48,0000 58,000 | . | Tensile
Crosswise 51,203 64,004 (41'0-47-8 kg /mm.*)| (852 kg. /mm.?) | (208:2) S Rivet Steel | (83:7-40'8 (823?') Strength
.45 ko f 2 " R R y , iy P! S
RS (3({_3)1‘1‘5033;31,1;?7- ) Bend test unnecessary for rivet bars, ‘ Gharacter of fracture—ilky, kg. /mny.2) b
bolts (36-42 kg./mm.?) Manufactured Rivets—Cold Bend Tesh |8 Elongation—For material less than &7 (7:0 mm.) and more than 2 (19- e
1 ; o unit ¥ ot e than §" (19-1 mm.) in thickness, followit
B. Other Tests. The shank shall be bent 180° until 2 parts T oo : modifications allowed. s g
N shank touch, withont fracture on outside}s (@) For each 4, (1'6 mm.) in thickness below & (70 mm.), a dedueti 9
1. Plate, Bection or Bar of hend. : ‘ (8) For each /4" (1'6 mm.) in thickness above §*(19°1 mm.), a dedl:l(l'girlml:]no(;ffé per cent.
(@) Bend Testse Rivet head will be flattened, white oG " per cent.
until its diameter is 2} times that of the s
!

Special regulations for pins.

Pest piece shank, without cracking at edges. |

o oy [ Bend Tests, by Pressure or Blows.

FPlates, shapes, and bars up to 17 (25'¢ m i § 5

‘ o8, & ) 8 A 2 m.) Medium steel £ (191 mm.) 3 ess thic i

Heating, - | Light red hot L\'y;ht- red hot. . thick ; eold bend, without fracture, to 150°. specimen shall hE.- of sﬂmlé) tqﬁ:?l,l;?:;stg“;;f Ef;?“

Quenching, | Water 28° C. Water 28° C. 1% (25 Fiickis 0 £ (0L s e i

Quenchiy ’ e LS Eye-bars and U?h.m' steel 17 (25'4 mm. ) thick and thicker than 3" (191 mm.)mi.;%sth“itecf:;]gmﬁzl;%}

of loops, | ness. | ness, | over, tested as rolled, (127 mm.) thick. Width for bo h13” (SS:VI mm

Fractures, | Not  permis- ‘ Burface frac- e T ;

sible. tures permis- Cold Diameter of Test.—Medium steel shall bend cold 180° ar

] sible. 49 Bend. Laop. Without fracture on | 2diameter equal to thickness of specimen QIG‘S);I(::EI[I

Satatas o haad without fracture on outside bend. :

Test plece ‘
lengthwise.

(b) Red Hot Breaking Tests. 180° | Double thickness.

= . ¥ ~ i
('f?frgi?,(l-]y b‘ggi}l \ Punch. Fracture i ‘ s e Samimer.
gioe n. | 4" (12°7 mm.) and less thick
i - . S bend shut cold without
i £ (191 mm.) and less thick j fracture.

80 mm.) |
Area: { \ Not per- open flag

" dy = §§"

1 X1 Red hot.| ! 507 issi i

{1(1);6 m}m.)- ! gt.,lflr?f’:'n’.) ;nnmsﬂ_-lc. A To be made only when required by inspector.
\ | (g0 mm.) |

2. Rivet and Bolt Material. Bend Tests—Cold and Hob. Rivet Steel—Bend Tests
(a) Bend Tests, When hot. ! :
Seetion, - ° - Bars, rods, &o. Heating, - - - Bloodred. Diameter of loop, Flat. Bend cold, 180° flat, without
Heafing, - - Lishtredhot. . Quenching,- - » 20, B0°E) Break,- . - Gradual. E fracturs on outside of bent
Quenching, - Waterat 28° C. (30 F) | Bending, - =~ -~ 180° N - h portion, E
Diam. of Toop, - Half thickness. g . ppearanee,  Fine, silky, uniform fracture,
Fracture, - - Not permissible. Test pieces to withstand, without fra
heing doubled over until iut.erpa.l I
(b) Jumping Teste not greater than 1} times thickies
test piece, and the sides are paraliel.

Length before jumping = 2 % diameter.
Heating, as by riveting. :
| Length after jumping = § x diameter,

hould test pieces first selected not II{}:PG ultimate strengt?: varies more than 4,000
requirements, % further tests M re-tes% in. (238 kg /fmm.?) from that desired, a
made, but should eitherfail, maberialEEHE bo w‘.tﬁ? be made which, to be acceptable, shall
which test pieces were cut shall Wtimate. 0 b8 (35 kg /mm.?) of desired

.E;:préld ftest plg{:? bre]ak outside of the middle
ird of gauged length, another test piec -
stituted therefor, - gl i

| For each test that fails, 2 further tests to | St
be made from corresponding material, but
should either gflatter tests fail, material
| \ reiecte
|“lﬁ?\111h;k:(bé]€ i break ontside of the jected.
| 8ho sst piece breal 5 .
i thi anred length, another | Further tests to be made hefore mi )
mddiobth“ﬂd(ﬁi?l‘;l'niclgaéit:;}?gén;ggitclﬁt.. from same cast is accepted. ‘ E&iik_ analysis <hall be made from finished
‘ o Should o tensile test piece break o o el‘lai, it called for by purchaser; excess of
I middle half of its gange length, besk ber cent. allowed,
be discarded and another test maded
same material, -

: With regard to i inti
+ 2§°/» oalculated weighte : o €@ 0 permigsible variations from specified weight and dimensions, th
: gulations for plates. Ior all other steel parts, the variation in cross-seotio’n a?uif ‘::ii;gtsg?ct[i?é

Pemissible = § :
Variations 1 Binglo pieces may amount to 2} per cent. at the most,
u e -

Rejection. =

3

it il
al

il




TABLE CVII.—SPECIFICATIONS FOR STEEL Rarrs.

Germany.

Great Britain.

U.8.A.

Rails and Tongue "
Rails, Tramway Rails.

Flat Bottom
Railway Rails.

| Bull Head Railway
Rails.

Tramway Rails.

Rails.

| (. H. Rails.

Material - - -
Process of Manufac-
ture - - -

Finish - . -

Chemical Analysis

Chemical Composi~
tion—per cent.
Carbon - -
Phosphorus -
Silicon - -
Manganese - -
Sulphur - -

Ingot Steels

Optional,

to be specified, however, in tender,
No cracks, ftse
holes, injurious
seams, burrs or
defects of every
kind. Squareat
ends.

Not required.

templates,

Carbon and Phos-
phorus deter-
minations of each
cast. An analysis
representing aver-
age of other
elements in steel,
to be given for
each rolling up to
200 tons each.
When rolling ex-

additional

made for each 200
touns or part there-
o

-0°5
not to exceed

¥ L]

0
not to exceed

Section -

Branding

Impact Test—
Drop = -

Weight of Tup -

Length of Teat
Piece

Centres of Bearings

According to template furnished by
purchaser.

Each rail to have manufacturers’
mark and year, either when manu-
factured or when put into use, in
raised letbers, also number of blow.
All on web.

template.

ceeds 200 tons an |
com- |
plete analysis to be

Brand (see sketch) rolled on
web, ‘“B.8.,” number. pro-
cess of manufacture, name,
initials or other recognised
mark and month and year

Steel.
Optional,

the purchaser, however, to
Uniform section throughout, true to
perfectly sound and
straight and free from splits, cracks,
burrs and defects of any kind.

Carbon determina-
tions of each cast.
An analysis Te-
presentingaverage
of other elements
in steel, to be
given for each roll-
ing up to 200 tons
each. When roll-
ing exceeds 200
tons an additional
complete analygis

each
part thereof.

“075 not to exceed

7 ) 33

‘ -10
08 1

ot to exceed

Each section to be acourately rolled to its respective

2 gets of templates (internal and external) supplied by
manufacturer upon request of purchaser.

to be made for |
200 tons or |

approve,

Uniform  section
throughout, accu-
rately rolled to
conform to tem-
plate, perfectly
sound and free
from twists, blis-
ters, flaws, fins and
other defects.

Carbon determina-
| tions of each cast.
An analysis re-
presenting average
of other elements
in steel, to be
given for each roll-
ing up to 100 tons
each. 'When roll-
ing exceeds 100
tons an additional
complete analysis
to be made for
each 100 tons or
| part thereof.

*4-0°55
-08 not to exceed.

2 L1}

-l 21
*7-1°0
08 not to exceed

same,
without
mention
being
made of

of manufacture rolled in § inch (190
mm.) letters, and the number of the
cast or blow stamped in & inch (12'7
mm, ) block figures on end of each rail.

month.

The rails have to
stand the follow-
ing tests :

For rails weighing
from 474 1bs [yd.
(238 m./kg.) and

The first blow
10,850 ft. /1bs.
(1,500 m. [kg.);
the others 8,680
ft./1bs. (1,200 m./

8-80 ft.
(2'44-9°14m.)

576 )
(1°52-2'12m.)
1st blow.
10-20 ft.
(8-05-6"10m.)

kg.)
over, 10,850 ft. /1bs.
(1,500 m./kg.)
For rails weighing
from 40} lbs./yd.
(20 m./kg.) and
down to 474 1bs./
yd. (283 m./kg.),
7,238 ft./Tbs. (1,000
m. /kg.)
For rails weighing
from 32} Ibs jyd.
(16 m. kg.)down to
40; 1lbs./yd. (20
(m./kg.), 5,424 £6./"
1bs. (760 m./kg.)

4 16, 374 in. (13 m.)

8 6. 8 ine, (1 m.)

2nd blow. In9
stages|
for
rails
of
+60-100/
1bs./
yard

(30~
50k, /
m.)

560-2240 Ibs.
(254-1016kg. )
5 t. (1'52 m.)

2,240 1bs,
(1,016 kg.)
5 ft. (1-52 m.)

For 20-65 1bs./yd.
(99-32 kg./m.) 3
£5.(0:9m.) For 70-
100 1bs./yd. (347-
495 kg, /in.) 84 1t
(107 m.)

3 ft. 6 ins.(1'07 m.)

15 ft. (4'57 m.) for
rails less than
100 lbs./yd. (495
kg./m.)

18 ft. (548 m.) for
railsof and exceed-
ing 100 lbs./yd.
(49°6 kg. /m.)

At least 2,240 lbs,
(1,016 kg.)
5 ft. (162 m.)

2 1t. 6 ins. (1'07 m.)

presses.

Daily carbon de-
terminations for
each blow, and a
complete analysis
every 24 hours, re-
presenting average
of other elements
in steel, for each
day and night
turn.

0°85-0°45, 0°45-0°65
0°1 not to exceed

02 4 ”
0+7-1-00, 0°84-1'14

purchaser.

Name of maker,
weight of rail, and
month and year of
manufacture roil-
ed in raised letters
on the web, and
number of blow
stamped on each
rail.

was rolled.
15-18 ft.
(4'67-548 m.)

Agcording to template furnished by

’ H.

each

Rails 70 1bs.per yard (34'7 kg./m,) and
over to have a letter stamped on
side of web to indicate the portion
of the ingot from which the rail

Bessemer 3Steel. lOpen Hearth Steel,
Specified in Contract.

Straight in line and surface, smooth
on head, sawed square at ends, no
burrs, and the ends made clean.

Not to vary throughout their entire
length 5 inches (127 mm.) from a
straight line in any direction, when
delivered to the cold straightening

Determinations for
each heat of all the
elements specified.

0°46-0°59, 0'62-0 76
0°04 not to exceed
020 ,, 5
0-60-0-90

-

Name of maker,
weight of rail, and
month and year of
manufacture roll-
ed in raised letters
on the web, and
number of melf
and the letters 0.
stamped on
rail.

In 5 stages for
rails of
50-100 1bs. fyard.
(24°8-99°5 kg. /m.)

2,000 lbs,
(906 kg.)

Anvil blnck of 20,000 Ibs. (9,060 kg.) at
least in standardised drop testing
machine in general use to be de-
scribed.

4-6 ft. (1°22-1'88 m.)

87t (091 m.)

THALS 40 ADYNTIVIAN
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TABLE CVII.—SPECIFICATIONS FOR STEEL RaAins.— Continued.

Germany.

Great Britain.

Rails and Tongue
Rails.

Tramway Rails.

Flat Bottom
Railway Rails,

Bull Head Railway
Rails.

Tramway Rails.

0.H. Ralls.

Impact Test—,
Continued.
Number of Blows -

Required
Deflection

Number of Tests -

Tensile Teste—

Dimensions of Test
iece

Tensile Strength -

Elongation - -

Number of Tests -

Until required deflection.

Atleast 845 in. (100
mm.) for section
of height b6 in.
(184 mm.) and at
least 5% in. (130
mm.) for tongue
rails. For other
gections including
tongue rails, wvice
versd proportion-
atelytotheheights
of sections.

1 test for each lot of 200 rails and

portion thereof.

§} Inch (256 mm.) diameter, 7§ inches
(200 mm.) length from centre of
rail-head of pieces which have been
subjected to impact test,

min. 39 t. p. 8q. in.
(80 kg./mm.*=)

To be given.

1 test for each lot of 200 rails and

portivn thereof,

At least 2¢ in. (60
mm.)withsections
up to height of 5}§
in. (160 mm.) : be-
yond that at least
144 in. (60 mm.)

min. 46 t. p. sq. in,
(70 kg./mimn.2)

1 test from each
cast, in addition
one finished rail
from every 200 off-
ered.

Diam

(14-8 mm.)0°564 in.
Area (161'3 mm.?)

¥ 8q. in.
Gauge length (50°8
mm.) 27,
Parallel for a
length of notless
than (672 mm.)
24 ins.
(63-756 kg.;’mx}l.'-’)
40-48 . p. 8q. in.

16 per cent. (min.)

1 test for each 100
tons rails.

2 blows.

1st
blow,
ACCOT-
ding to
weight
ofsec-
tion.

From 1-1,%"
(25°4-33'3
mm.)
1o g-11%"
(22°2:30°1
mimn.)
From 3-33" ]

(76-2-95°2 ond
min.)

blow

to 3-4%" R

(76°2-105"0 Jdltﬁo'
mimn.)

1 test from each
casb.

eter
(20'8 mm.) 0°798 in.
(3226 mm.?) } sq.
in.
(76°2 mm.) 3 ins.

(857 mm.) 3§ ins.

(69°9-70°9kg. /mm.2)
40-48 ¢. p.sq. in.

15 per cent. (min.)

1 test for each 100
tons rails.

1 test from each
80 rails.

(508 mm.) 2 in. long.
(8226 mm.?) § 8q. in.
approximate sec-
tional area.

(68 kg. /mm.2)
at least 40 r./8q. in.

12" per eent.

1 Yest for each 100
tons rails.

1 test from every cast.

Not called for.

THALS H0 ADIATIVIEN

Rejection Shonld the test piece fail to comply Should the length eut from the select- | If the test piece | If any rail breaks under drop test,

Permissible
Variations,
(@) Dimensions—
In Length - -

In Straightness

The whole delivery can be rejected

with the impact and tensile tests,
a second and eventually a third
rail is taken from the same cast.
Should one of these fail to fulfil the
specified requirements all the rails
belonging to such cast may be re-
jected.

if on testing no settled conviction
is arrived at of the faultless con-
dition of the rails, or, if after the
rails are accepted, defects or de-
fanlts, arise showing that the rails
have not been made in accordance
with the specified condition.

ed rail fail to comply with the drop
test specified, two other rails from
same cast will be selected, both of
which must comply with specified
requirements or cast will be re-
jected.

Should the test piece fail to comply

with the tensile test, two other
rails may be taken from the same
cast, both of which must comply
with the specified requirement or
cast will be rejected. The engineer
may then take similar test pieces
from two other rails out o the
same 100 tons and should either
fail whole 100 tons may be rejected.

Up to 29} ft. (9 m.)
+ 2 in. (2 mm.)
Above 204 ft.
9m.)

+ 3 in. (3 mm.)
Novariation in the
case of tongue

rails,

5 per cent. of contr
than specified.

Warped rails not
accepted.

Up to 89 ft. 4 in.
(12 m.)
&+ } in, (3 mm.)

ract may be shorter |

Up to § in. (3 mm.)
for 204 ft. (9 m.)

Normal length,
| 9:144, 10:978, 18-716
| or 18288 m. (80, 36,
| 45 or 60 ft.)

+ & in. (4'3 mnow.) specified length.

7% per cent. of contract may be shorter

than specified.

vertically and hori-
zontally, Those
warped rails which
are more than =+
}lgin. (% 15 mm.)
rom the straight
will not

be ac-

cepted.

fractures  under
drop test, all rails
from that cast may
be rejected, unless
it is shown from
similar trial on
two further pieces
of rail that first
piece was not fair-
ly répresentative
of quality of steel.

Should test piece
fail to comply
with tensile test
another rail may
be taken from the
same cast, and it
must falfil speci-
fied requirements
or cast will be re-
jected.

Normal length, |
10-668, 13716 or
18288 m. (35, 45
or 60 1t.)

2%-5 per cent.

| shorter as specified.
| & }in. (63 mm.)
from the lengths
specifled.

two additional tests will be made
from same cast, and if either of
latter tests fail all rails of sach
blow will be rejected.

Normal length, 80 and 33 feet (9°144
and 10-058 m.) 10 per cent. of order
will be accepted in length varying
by even feet to 24 feet (7°812 m.)

= { in. (6°35 mm ) specified length.

Bguare at ends not over o in. (0'8
mm,) variation, Must be straight
in line and surface.
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TABLE CVIL

SPRCIFTCATIONS FOR STEEL RAILs.—Continued.

Germany.

Great Britain.

—

RBails and Tongue
Rails.

Tramway Rails,

»_ Flat Bottom
Railway Rails.

Bull Head Railway

Rails, Tramway Rails.

Permissible Varia-
tions —Continued

In position and

gize of holes -

In width of head -
Inthicknessof web
In width of bottom

In beight -

(b) Weight <

+ & in. (1 mm.)

+ 2in

+ 2 in (06 mm.)
+ Ain (1 mm.)

+ & in. (06 mm.)

+ 3 per cent.
to - 2 per cent.

+ & in. (1 mm.),

. (0mm.) | T & in. (1 mm.)
+ X% in. (1mm.)

+ & in. (2mm.)

+ & in. /1 mm.)

4 4 per cent.
to — 3 per cent.

* 4 tn (08 mm.)

# } per cent. calculated weight, but
actual weight only paid for.

Additional weight
up to 1 per cent.
will be paid for,
otherwise the ac-
tual weight. Nor-
mal weight being
the actual weight
of 50 faultlessly

Additional weight
up to 1 per cent.
will be paid for,
otherwise the ac-
tual weight. Nor-
mal weight being
the actual weight
of 50 faultlessly
rolled railss

rolled rails,

+ & in. (0°8 mm.)
(16 mm.)

1.2
Dis
fishing angles

(06 kg./m.)

For fish bolts ; in.

\ in. (0°8 mm.)
ance between

+ ¢ in. (0°4 mm.)

Max. 1 1b. per yard

LRails,

Must accurately conform to drawing.

o in, (1'6 mm.)

o in. (1'6 mm.)

=~ % In, to + g in. (04 Y0 + 0'8 mm.)

+ % per cent. accepted and paid for
according to actual weight,

The finishing temperature in rolling
is controlled by the amount of
shrinkage, not more than 6,5 inches
{163°'56 mm,) allowed per 33 feet
(10-058 m.) 756-1b. rail (872 kag./m.),
with ¢ (1'6 mm.) increase per
each increase of 5 lbs. (26 kg ) in
the weight of the section.
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TABLE COVIIL—SprciricaTioNs ¥or Fisa PraTes.

l

Germany. ;

Great Britain.

U.B.A

|

Fish Plates for Railway and Tramway Rails.

Fish Plates for Tramway Rails.

Bplice Bars.

Material -

Finish -

Physical Tests—
Tensile Testa

Bending Test-—
Span 5

Wedging Test—
(Aufkeilprobe)

Number of Tests

(@) Dimensions—

In bearing face
In thickness

Process of Manu.far-tm-a.

Chemical Analysis-
Branding - -

Spa - -
Permanent Deflection

Rejection of Fish Plates

Permissible Variations.

In length - -

In position and size
of holes -

In other dimensions

In distance of clinch-
es(Im Abstandeder
Hinklinkungen)

In pize of clinches «

() Weight - - -

Ingot Steel)
- Optional,
o be specified, however, in tenders.

According to template, smoothly and
cleanly rolled. No cracks, fuse holes,
defective edges or other defects. Per-
feetly straight.

Manufacturer’s mark, year of delivery,
shown by last 2 figures, number men-
tioned on drawing.

Ingot Steel of 24} to 32 t./sq. in.

(88-50 kg./mm.2)
Ingot Steel of 82 to 39 t./sq. in.

(50-60 kg./mm.2)

(16} in.) 420 mm.
min, ( in.) 6 mm.

At the front opening of the elinch (Klinke)
at least 44 in (2 mm.) with a wedge in-
clined at 1 : 20.

1 test for each 500 Fish Plates.

If 2 from each 100 of a part delivery sub-
mitted for acceptance fail to comply with
specified requirements the whole of such
part delivery may be rejected.

+ 4 in. (3 mm.)

+ &% in. (06 mm.)

=+ 157 in. (0°25 mm.)
=+ #5in. (05 mm.)
+ 75 in. (1 mm.)

* fyin. (2 mm.)

*+ J¢in. (1 mm.)
...+ 8 per cent. to — 2 per cent.
Additional weight is paid for up to 1 per cent.

Steel.
Optional
but the steel shall be in all respects similar
to that used in the manufacture of the rails
and to be approved by purchaser.
Conforming to template, quite sfraight
and smooth on all bearing surfaces, free
from twists, cracks, blisters or other de-
fects. and shall have all fing and burrs
carefully removed.

According to the requirements specified
for Rails.

Brand,*“B.5.," Number, Manu-

facturers’ Name (initials) and

year of manufacture, rolled in

raised letters of at least % in.

(127 mm.) in size.

At least 40 t./sq. in. (68°0 kg/mm.2), In

accordance with the requirements speci-
fied for Tramway Rails.

Capable of being bent cold, and before
being punched, to a right angle round a
bar 4 ins. (1016 mm.) in diameter, with-
out showing fracture on outside.

(Same as for Tramway Rails) 1 test for each
100 ton.
(Same as for Tramway Rails.)
If the test piece fails to comply with the
specifications, another test piece of same
cast will be tested.

* % in. (16 mm.)

Actual weight is paid for.

Bessemer orEpeu Hearth,

Smoothly rolled and true to template;
Sheared accurately to length and free
from fins or cracks and shall perfectly fit
the rails. Punching and notching shall
accurately conform in every respect to
drawings and dimensions furnished.

Phosphorus not over 0-10.

The name of the maker and year of mann-

facture shall be rolled in raised leiters
on the gide of the splice bar,

556,000-656,000 1bs. per sq. in. (88'67-45°70
kg/mm.?), Elongation in 8 ins. (2032

mm.) not less than 25 per cent. Mini-
mum yield point, 0'5 tensile strength.

180° flat E

A full sized bar first flattened and then
bent 180° flat.

1 test from each blow or melt.

Each blow or melt accepted or rejected on
results of tests from that blow or melt.

Must be rolled true so template.

Actual weight is paid for.
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