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(Origin and Nature of Work, contfd) =

carbon and that it shall meet the reguirements of the

following clauses in the specification:

"TPeat pleces are to be in accordance with test piece A

cut elther lengthwise or crossvige!’ -
legs than 37 tons and not mors
of sectbion®

Ultimebe strength not
than 44 tong P.s.l. =

"Minimum elongation of 17 per cent in a length of

8 inches? =

"The elastic properties shall be tested by means of a
HBwing extensometer of 8-inch gauge length., The test
is to be carried out ag follows:

(L) A losd of 4 tona p.s.l. of seckion shall be
applied to the tegt plece and an extensometer
reading teken.

{2) The load shall be increased to 17 tons p.s.i.
and a second reading taken.
(&) The load shall be reduced to 4 tons p.z.l. and

a third reading taken.
(4) The third reading shall not exceed the first
reading by more than 0.0004 inch." =

The samples submittod Ly tho United States

companies were sald to be
were willing to supoly.

have the following cowmpos

reprogentative of steel that they
The Bethlehem steel was sald to

Ltion:

% % % % % % % %
Gar- Mangan- Phos- Sule- Sili- Vana- Nickel Chrom- Gopper
hom  ese  phorus phur con  dium Lo

0,16 1.00 Q.018 0,033 0.14 0,11 0,058 0,13

0.09

The last thrge

alements reported are undoubtedly

present as residuals., The steel wasg peported to have the fole
k
Lowing physical properties:
Tensile strength, Rlastic limit, Flongation in Reduction of
PoBoloa Dol 8 inches, area,
per cent per cont
79,940 62,760 QdL7 590.3
Presumably, the Lukens Steel Gompany product is of
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the same type, but we have no data on this meteriel.
This steel hag probobly been supplied to U. S. Specification
46 Si (INT), for high tensile steel, which specifles that

the ateel shall have the following composition and propertices:

5% S I %
Car- Mangan- Phos- Sule Sili- Cop- Other Vanae-
bon eso  phorus phur con  psr  slements dium

0,18 Lodd 0,04 Q.05 0,25 0,286 Q.25 0,08=0.14%

Tensile Yield Blongation,
strength, point, pey cent in
wReBods PeBele 8.inches

Up to 3/8" 90,000 50,000 20

3/8" to 5/8" 87,000 50,000 : 20

5/8" to 1¥ 85,000 50,000 20

Over 17 85,000 48,000 20

The Unlted 3tates manulacturers were willing to
meet the British requirements with the exception of those
governing the proof testing. Thelir position; in effect, was

Thoke it or leave it.Y

The following tests were undertaken in order to
determine the elagtic properties of the Bebhlehem and Lukens

ateels. The tests were witnessed by Commander (B) J. F. Bell

and TLieut. (i) R. H. Scriveaer.

Nature of Tost Specimenss

With one sexception; all samples were machlned in
the machine shops of the Bureau of Mines, Ottawa. Two apecimens
were machined from the angle supplied by the Bethlehem Steel
gompany, one to U. H. Ao sp@cificatidna (ia5 inches wide) and
one to British specifications (2.0 inches wide), in order
that the effect of specimen width might be determinsd.

nly l1.9=ilnch-wide spoecimens were used in btesting lLukens
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material, as the size of the samples submitted would not

permit the use of a wider test apecimen.

The following table glves data on the test

apecimena usad:

Tdentifl Specimen
Specification Identification . cation nuumber thickness

for this
report,

in inche 53

Bethlehem 1%" specimen Lo
Bethlehem 1%V specimen

. machined from angle 2.
thlehem 2% specimen

nachined from angle Da

JHRGUn 16622 T 4

166122 LT Do

f 186109 T 6.

f LE6LO=9 LT 7o

R 19658-10 7 8

f 12658~ 30 L D

" RH86E=E TP 10,

w 23562 T 1L

R PT LmaT LbreTO t

0,625

0.625
0,624

0.383
0,.3875

0,667
0.666

G288
0.229

0.482
0.473

Tansile Tesbta:

Tensile bests were made ia an Amsler Universal

teating machine sot for 100,000 pounds capacity. Checks on

elastic properties were made in accordance with the requlre-

ments of British specification for "D ste

ely, 1.8., Dy

measuring plastic deformation that occurred in loading from

. 4 to 17 long btons per sguare inech. A Riehle dial extenso

£

metor was used for this purpose., Resulbs

obtalned sre

given in the following table. Values given for the yield

poiant mey only be regarded as spproximate, being deter-

mined by the "drop of bean® method.

{Continued on nexb page)
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Ultimate  Yield Elonga=  Apparent plastic

Specimen No., strength, point, ition, deformatlion under
' Pofods Peg.i. % in proof load,
8 in, in inches
' 1. 78,800 WeDo  B2.7 0,0030
& 81,400 60,800 R2R2.8 0.0000
S B, 400 B7,800 26,0 0.0000
o Q6,500 - 68,700 16,4 0,00068
5o 4, 800 73,600 21.0 0.00056
G 74,600 55,200 25,0 0.001L1
‘ 7o 75,000 54,300 28.5 0.,0008
‘ 8, 78,600 B5,500 &22.8% 0.,0002
9, 74,500 569u00 2L.5 0, 0003
10, 85,400 83,500 21.8 Do 0018'
11, 81., 500 61,800 22.0 0.0003%
é NeDs « Not detvermined. %
(@ = lNeasured ab 443 proof load.)
. (Single copies of Stress-Strain Curves, plotted
. from results obtained alter proof uestﬁ_n&,, have heen for-

warded to the naval department concerned. Duplicate copies

may be obtained on request.)

&

Checks on Bethlehom Samples:

Proof test vesulis obbained from the original
Bothlehem test specimen snd from tesh specimens machined
fyrom the Bethlehem angle varied aso warkedly that these
materials were exsmined in order to find the reason for this
difference. Samples for chemical anslysis snd microscopic

examinavion were taken from each material. The following
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DISCUSHION OF RESULTS g

Proofl Test Regultas (Obtained from Rethlehem Samples =

The vesultg obtained from chemlcal analyses and
tensile tests made on the Bethlehem material check very
clesely with the values supplied by the manufacturer,

These results indlicate, then, that valucs given by the
Bethlehem Steel Compsuny- can be relled upon. No offort was
mede to determine the alloys In the Bethlehem steel. The
extremoly close agreemoent between Bethlehem and Bureauw of
Mines results, however, indicates that both test specimen
and eangle were supplied {rom the same heat, which Bebthlehem
indicated contalned some alloying elements. Although the

),

chemical results showed that the Besthlehem test specimens

and angle had the same anslyses, the microscopic examination
showed that the two materials had slightly different siruc-
tures. The preseuncd of a somewbhat greater amount of pearlite
in the engle Indicates that it wag cooled from the rolling
temperature at s somewhatlt faster ratse then was the test
gpecimen. This accounts for its beltter slamtic properties.

Shape ot Test Speclimen -

The Britliah specification provides for the use
of wider test specimens when thin plates sre to be tested,

D«

Results obtained Lrom the 2-inch {the apecified
gize) and lg-inch Bethlehem 8peciméns were quite similarp,
which would indicate that the use of @ 3 c=lneh specimen
throughout would not be expected to introduce a seriouns

S0UPrce Of Qrror,

Tensile Testy -

aphs, Specimens 1Ll

As mentioned on the attached gr
and 12 were tested at 4/5 proof load., Inmsmuch ag they show

only 0.0018-in¢h and 0,0003-inch permanent elongations 8t
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(Tenslle Tests, contid) -

these Joads, and as the proof load is below the bhend

on the gtreas-straln curve, these specimens mmst, in ao

far as the proof test is concerned, bs regarded as satis-
factory, ag must Specimeas 2, 3, 8, and .9, which meet the
gpeciried reguirementa. Specimens 4 and 5 ghow slightly
wore than the specified deviation under proof load butb
because the deviatlion from the specified value is so small
and because the proof load is below the bend in the stressge
sbrain curve, the material may be regarded as having webt the

L0

pﬁaof teat specification redulirementa. The same might be
gaid of 3pecimens 8 and 7 albthough with less emphasis as
the devistion from the reqguired plastic deformation is
greater or these gpocimens and their elastic limlt more
closely approaches the proof load,

Only one speclmen, the test spscimen supplied by
Bethleham, failed badiy in the proof testb. A1l other matsrials
have satisfactory or very uearly satisfactory elastic proper-
ties, although the elastic properties of materials represented
by Speclmens 4 to 7 sre definltely marginal in character.

It should be pointed out that Specimen L and
Specimens 6 to ¥ have uvltimate strengths below the specified

value. In the case of the last four specimens this is

£ .
Gory

not of iwmportance; s the materials have gulte satisfac

elastic properties,




Jonclusiong:

1T Bethdehem adheve to stéﬁl of the type
repraesented by the engle they subumitted, thelr material
should be guite satisfectory. Neor should trouble be
encountered with Lukens stesl if the material supplied
is similax to that of the tesbt specimens tesbed. . The
presence of material with marginal elastic propertiecs
in the samples supplied By Lukena and the fallure of
one Bethlehem test specimen indicate, however, that
material menufacture should be carefully controlled.
Increasing the maunganese conbtent of the steel to around
L.295 to 1.50 per cent should congiderably reduce the
chance of off-grade material being encountered. The examine
ation of Bethlohem material indicates that the cooling
rate 1s of importence; sco this should e watched., Check
proof tests should be made Irom time bto time, in order
to determine whether or not the steel is meesting the

elasticity reqguirements.
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