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ABSIRACT

- Part I of this réport states the test results for the following steelst
"W", S-9, S~12, and S~22, The tests of Part 1 are tension tests run at various
temperatures on specimens 24" long, 12" wide and 3/4" thick, having a central
internal notch one-~quarter of the width of the plate with ends of the notch
0.010 inch wide made by a Jeweler's hackwsaw. The load was applied in the
direction of rolling., The report contains tables glving the load at first
visible crack, at maximum load, and at the failure load, together with the
energies computed to these loads. Load elongaption curves for each specimen
tested are included, together with dizgrams showing maximum load, vs. temperae
ture and diagrams showing energy to maximum load vs. temperature, The
character of the fracture as determined by the psreentage of shear failure
is also given.

The transition tempersture zones of these steels on the basis of
both energy considerations and the mode of the fracture are reported.

Part II of this report describes the aspect ratio program now under
way to determine the effect of plate width and thickness on transition temper-

ature.
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PROGRESS REPORT
on
Tension Tests of Flat Internally-Notched Plates

™AGMm T

BART 1
IWELVE INCH FLAT PQAIE_TESTS

The results presented in Part I represent a continuation of the investic
gation of 12" wide full~-thickness specimens of steel plate tested with temperae
ture as e variable, Each specimen contained a centrally located internal noteh
3" wide terminating with a jeweler's hackesew cut 1/8" long and 0.010" wide,

(See Fig., ). 411 tests were made with tension 1oading applied in the direction
of rolling. The technigues employed in carrying out thé;e tests have been re=-
ported in a previous paperli.

The physical behavior of the gteels with respect to ﬁaximum 10&&5; strain
energy and mode of fracture was 1nvest1gated with the prinecipal purpose of es=
tablishing transition temperntur 8 ba ed upon 24" long and 12" wide by 3/4% thick
specimens,’

The steels tested and reported are designated as "MW, #SG" H5.]12" and

L1 )

' The chemiecal analysis of these steels is as followst

© Chemical Analzgész. o
- Gompogitio Practice

Code
c Wn 51 . N,
W 21 .52 . .23 006 005 Fully-killed
89 .18 50 07 002 004 Semi=killed
S=12° .19 77 07 o 04, 004 Semi-killed fine grained
pn

-22 .19 77 ol I 006 004 o] n coaree "

*Numerals refer to. reference in Bibliogfaphy



uzn
S-9 1s an A.S.T.M,=A746 steel, It 15 to be noted that $-12 and S=22 which
are nominally ABS Class B steels are from the same heat,

Results of tensile tests of these steels ara‘és folluwés

Tonsile Teste?

Code Tield Point _ Ultimate - & Elongmtion

(P.5.1.) o P.S.I, | in 8®
W 39,230 YU &m0 3003
S=9 T 32,600 B 57,900 | '34.,5
S<12 34,00 T 64,00 0 28,0
S-22 35,000 63,800 32,0

Specimen Identification
The locations of thé specipens in the plape are shown on the figures giving..
load and energy data fof sach steel, The specimen marked S-12-8 identifies
specimen No. 8 from the plate of 5~12 steel. A similar notation is used for the
S=9 and S=22 6teels.u :
The notation for the specimens of "W" steel is similar except that W-32n8 .

identifies specimen No, 8, from plate No. 32 of “W" steel.

Qggggggigg_ﬂgggg;ggggﬁ;:“ To deternine strain energy it was pecessary to

measure the elongation of the test specimenso The gage length was esteblished
as three=quarters of the w1dth of the plate, or 9", with tha ends of the gage
length 43" above and- elow the hotch. The instiument developed permitted a
determination of the elongations of the plate in both the elastic gnd plastic
range., Bakelite SR=} gages are used in these'iﬁsf¥ﬁmentsa The elongations

were measured over twelve separate gage lines, Five of the gage lines were
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on each of the 12" faces of the plate and two of the gage lines were on the
edges, The five guge lines on the face of the plate were ibcated ag followss
one at the longitudinal centerline of plate, two 13" either side of the centere
line, and two 3 3/25 elther side of the centerline, The elongation for each
gage line was determined sepafately.

repgration of N : ¢ Careful attention was given to the preparation of
thé notch., The sccepted procedure at all laboratories where wide fullwthickness
plate tests have been made has been to use & jewelerls hackesaw to establish the

scuity of the notch, To provide uniform acuity, the width of the last 1/8 of
an inch of the notch both
0,010 incho A jig-saw was utilized to make the jeweler's hack-saw cut.

Temperature Contro) Chamhers The temperature control chamber was made of
Plexiglas, so that the specimen and instruments would be visible at all stages
of the tesﬁ.‘ Striplheaters were installed to give temperatures above that of
the laborstory. Cooling was obtained by.blowing air over dry ice and conducting
this cool alr to the Flexiglas box by insulated ducts,.

Measurement of Temperatures The temperature was determined by the use of

thermocouples. Thrse thermocouples are mounted on each-specimen, one in the

w b

It AviNT hala a
OLie i wie

JF&° QTlli 1l bove the note

<
W

8
£
&

center of the plate, and the third one located 1/8" from the end of the noteh
immedistely above the junetiom of the stendard and jewsler's hackesaw cuts. 4
fourth thermocouple determined the ambient temperature within the box,
The temperagture at the 3/4" drill hole has been used in interpreting all
téétég |
LOAD ELONGATION CURVES

The load elongatibn curveg for each specimen are shovn in Appendix "A",
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The elongation used is the sverage of all twelve gages over the established

nine inch gage langth,

The strain energy absorbed by the specimen to the first visible crack is designete
ed as ™E", The strain energy to maximum load and t0 failure are designated as
E; and E, reapectively. E,=E; represents the strain energy necessary to propagate

o~

the fracture after the maximum load.

L

RESULTS
Fig, 2 shoﬁg-fhe fracturéréurfacés for all specimens of the "WP steels

Teble I gives fﬁé load, at and the energy in inch pounds to; the firﬁtxvisible

erack, maximum iéad, and faiiurea It also gives the'tempersture and type of

failure in terms of the percentage of shear failure within the 9% net; width,

Figs 3 shows the maximum load plotted as ordinates with tempersture as abacissas.

In Fige 4 the energy to maXmum 1cad is plotted ag the ordinate with temperature

and Fié' ' gt of the percentage of shear failure in the

ag the abscissa, 543 g

-

variocus specimens of *ﬁ* éteel,
The transition temperatﬁre based’ upon the energy to maximm load lies in a
temperature zone between 40 and 60°F, ‘Based upon the appearance of the fracture,

the tran51tion temperature ‘would lie ¢lose to 50%F,

S=0 Stee;

The fracture surfaces of the specimens of S~9 steel are shown in Fig. 6.
Table II records the energy in inch pounds to the first visible 6fack;'to maximum
load, and to fatlure. It also gives the type of fracture in terms of?percent"

of shear, Fig, 7 is a plot of maximm load vs. temperature, Fig, 8 represents
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energy to maximum load ve. temperature, and Fig, 9 is a plot of percent shear
vs. temperatyre,

The maximum losds observed for cleavage sp

- ¥ > e o = Srea

average about
50,000 pounds less than for a ductile specimen, A consideration of the energy
to maximum load would place the transition tempersature in & sone of from 50 to-
75°F. The character of the fracture as determined by the percent of shear -

indicatés the same transition temperature zone,

| §=12 Steel

The fracture surfaces of the S»12 sPecimeﬁs are spownjin fig. 10, Table III,‘
which gives the load a%, and enérgy in inchlpounda tﬁ, the-first visible crack, |
maximum load, and failure, alsc gives the type of failurerin terms of the perceht h
of shear, Fig. 11 shows the maximum loads as otdinates with temperature as
absclgsa, Fige 12 is & plot of the energy to maximum loaq vs, temperature.

Figs 13 represents the plot of the percent oflshgaf fqilursA§§. temperature.

It is to be noted that with ﬁhe exception of-Speéimen No. 7, the maximum
load is quite uniform throughout the entire. temperature range. Fig. 12 showing
energy to maximﬁm load vse temperature does not provide a good criterion for the
estanlishment of the transition tempébats
cleavege specimens remains nearly as high &s -for a completely ductile specimen,

It is to be noted that of all the specimens tested, only specimen No, 7 repre= .
sentéd 8 éomplete cleavage failure, Insufficient specimens prevented the.tempers
ature range being lowered to procure & number of specimens in complete cleavage.

A conéideration of energy to meximum losd does not permit a positive statement
regarding the transition temperature. The transition temperature as determined

from the sppesrance of the fracture is fairly definite and indicates that the

transition teﬁberéture may be between 10 and 30°F. The total energy to failure
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would indicate the transition temperature as being between 10 and 20°F,

The cleavage fractures for thé S»12 steels are extremely rough and ragged,
showing a pronounced chevron pattern. This is a departure from the genersl
cleavage surface noted for other steels tpsted in this laboratory. The ductile
specimens show a trace of fissuring at mid-thickness. Hence, the Se12 steel
shows two essential departures from the norm, namely, that the energy to maximum
load for either the ductile or cleavage failures is essentinlly the same, and
that the cleavage surface is more irregular, | |

The S=12 steel and th873-22 steel reported subsequently may ﬁe compared,
The difference between S-;Z-steel and the S»22 gteel; which a_e‘fromltLe same
heat, is one of fine end coarse grained practice, the S-12 being.of the fine .
grained practice,

In passing; it should be stated that the energy to maximumhload for the .
S5-22 steel 1s discretiénary and that the appearancé of the brittle cleavage

fracture represents the normal appearance noted for other éteeléa

S=22 Stee

The fractures of the S~22 steel are shown in Fig, 14, Table IV gives the
load at, and energy in inch pounds to, the first visible crack, meximum load,
and failure, It also gives the type of fracture in terms of percentage of shear
failure, Fig. 15 shows the maximum loads as ordinates with temperature as
abscissas, .Fig, 16 represents energy to maximum load vs. temperature. Fig, 17
represents a plot of the percent of shear fallure vs, temperature,

The transition temperature gone as determined from energy to maximum load
appears to be quite sharply defined and lies between 55 and 60°F.. The appearahcé -
of the fractures would indicate the transition temperature at about 60°F, These

statements concerning transition tempersture are based upon a limited number of



-l -
tests, and must be considered as tentative only,
The maximum losd for specimens failing completely in cleavage was about

5G,000 1bs, Jower than for specimens failing completely in shear.

SUMMARY OF TRANSITION TEMPERATURES

Code Baged on _ Based on appearance of

' ‘Energy to Max. Load fracture as defined hy
S —b of shear _ ____
W Cla L0 to 60°F o S 50%

©8-9 L 50 %R T - T sp to 75%F
§5-12 ' “indefinite ‘ .10 to 0% -

S=22 - - 55 to 60% T &%



PART II
ASPECT RATIO PROGRAM

The aspect ratio program is a study of the offects of width and thickness,
using centrally notched tensile specimens, on energy sbsorption and transition
: e a5= thicl and
thicknesses tobe investigated are 1/2%, 3/4%, 1% and 14", The steel is a semi-
killed steel and all thieknesses are rolled from the same heate

The aspect ratio (AR) is defined as the width of the specimen divided by
the thickness of the plate. Fig. 18, showing‘a typical specimen, explicitly
defines this term, In Fig, 18 the notch layout is shown, and it shoild be
particularly noted that the notch terminates with a drill hole instead of a
jeweler!s hack-saw cut. The diameter of the drill hole is directly proportional

to the thickness of the plate and the diameters for particular thicknesses are
shomn,

Preliminary considerstions indic¢ated that geometric similitude should be
adhered to in plamning the aspect ratio program, and that similitude would
necessitate a varying notech radius, Laboratory tests indicated that a drill
hole of 3/64" diameter in a plate 3/4" thick would provide a notch acuity
sufficiently sharp to give transition temperstures near those already found by
using specimens having notches terminating with a jewelerfs hackesaw cut,

Specimens with equal aspect ratios are pgeometrically similer in all
respects. They may be dissimilar only in the metallurgical constituancy of
the as-rolled
as-rolled thickness, the aspect ratic studlies extend over a range of from an

AR of 4 to an AR of 20,



TENTATIVE PROGRAM

Figs 19 indicates the scope of the tentative program, Not all of the
specimens shown on Fig, 19 are to be tested at this time, An exploratory

program consists of the following aspect ratios in the various thicknessea,

1/2" A;|8,,1e, 20
34" 4,08 12,16
ln | . A’S , :.
" S

In order to utilize a limited amount of steel end to secure information
relative %o changes due to position of the specimens within the plate, the
avgllable steel plates have been laid out as shown on Figs, 20, 21, 22, and
23

Our testing program at this time has not been in effect long enough to
present the results of this program, It is anticipated that in an early

Progress Report some of the results of this program can be reported,
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FIG., 2 "Wwr STEEL

PHOTOGRAPH OF FRACTURE SURFACES




The notch is 3" wide and

TABLE 1

M Steel
Test Specimens 12% wide x 3/4" thick, with standard noich

has at its extremities a eut 1/87 lov

..... 1/8 1z and 0.010" wide made with a jeweler's hacl
First

Spec. Dez, Visib%e Crack ETo Mainmum Load To Fajlure Energy A

No. F Energy E Load .nfrﬁs 1 Load Energy, Ep Load Ey = Bq Shear

in. 1bs.  1bse in . 1bs. in, 1¥s. 1bs. inelbs.

F-32-11 21 4,000 257,800 48,000 309,300 48,000 309, 360 0 0
Fe32-12 36 3,500 253,000 67,500 346,000 71,000 340,600 3, 500 22
W-32-9 43 5,300 250,800 40,000 306,000 40,000 306,000 0 0
W=32+10 45 8,700 256,000 120,000 345,700 158,000 330,000 38,000 30
Ww32e15 50 5,000 253,600 125,500 345,500 300,200 22,000 174,700 100
W-32-8 54 4 500 257,000 107,500 346,800 292,300 30, 500 184,800 100
We32-2 66 not obtained 93,000 335,000 253,000 150,000 160,000 100
=326 66 3,500 228,300 142,600 340,70C " not obtained -~ 100
We33wlé 71 25,100 276,500 129,700 338,50C 317,000 126,000 187,300 100
F=32e17 76 19,700 260,000 109,700 310,000 244,800 61,000 135,100 100
Wedzel 81 not obtained 102,700 345,000 263,600 71,500 160,900 100
W=7 81 8,000 250,000 110,000 342,100 282,500 55,000 1724500 100



©o 15 -

400 -

i
}
t
b
|

300
rnare
00 20 40 [ 1] 80 100
<— DIRECTION OF ROLLING —* lTEMPERATURE °F
EENERERERR - Fl6.3
N MAX. LOAD
] "] \ io ji i2 VS
N TEMPERATURE
[ [ je i B - w-32 STEEL
-AWARTHMORE COLLEGE
9-30-49
L
g

TEMPERATURE 'F

B
jls
1

FIG. 4
e e ENERGY TO
e MAX. LOAD
-+— DIRECTION OF ROLLING—* VS
TEMPERATURE

-~ =T

W-32 STEEL
SWARTHMORE COLLEGE
9-30-4%



SHEAR

%o

| 2 3 4
5 6 7 8
9 10 1 12
13 14 15 8
17 18 19 20

*— DIRECTION OF ROLLING —»

5

i00

160 642 16 17 7&I
50
o©
*
" 0
o -l
() 20 40 60 80
TEMPERATURE F
FIG. 5
PERCENTAGE SHEAR
VS
TEMPERATURE
W-32 STEEL

SWARTHMORE COLLEGE
10-1-49

_9'[-



- 17 -

FIG, 6  "S-9" STEEL
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TABLE IT
Code S-9 (A.S.T.M. Steel)

Test_specimens 12" wide x 3/4" thick, with standard notch

The notch is 3" wide and has at its extremities a cut 1/8" deep made with a .010" Jeweler!s hackesaw

Spec, Dege To Visibfjrg:ack To Maximum Load To Fallure Energy %
No. F Energy E  Load Energy E; Load Energy Ea Load Ey = Bq Shear
in, lbs 1bs. in.1bs. 1bs. in. 1bs. Ibs. in.l1bs.

11 92 13,600 229,600 118,200 326,600 310,100 20,000 191,900 100
16 7, 9,800 229,600 105,800 278,000 256,500 19,500 150,700 75 L
10 70 12,000 231,800 151,800 338,500 311,100 30,000 159,300 100 ?
12 60 12,000 233,000 130,900 336,500 333,600 51,000 202,700 100
18 60 11,500 229,000 54,200 295,600 54,200 295,600 0 0

1 50 12,500 236,000 121,400 334,000 309,000 70,000 187;600 100

6 50 9,500 227,500 125,000 336,300 325,000 49,000 200 ;ooo 100

78 [alisTa'al o W N aTata) PR T Yo Yo
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FIG. 10 "3-12" STEEL

PHOFOGRAPH OF FRACTURE SURFACES
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FIG. 14 n"S-22" STEEL

PHOTOGRAPH OF FRACTURE SURFACES




TABIE TV
Qode S=22 (Coarse grain)
Test specimens 12" wide " thick, with sta d notch

The notch is 3" wide and has at its extremities a cut 1/8" deep made with a ,010" Jeweler!s hack-saw

Specs Deg,. To Vis ibigrziack To Maximum Load To Failure Energy | 4

oo T MegE o bw Remholed hewh et Bk See

. . . N . B n, 3.

3 70 5,600 247,800 127,900 375,000 330,000 53,000 202,100 - 100

8 &0 2,500 2 34; 000 104,800 3’76; 500 33&;000 40,000 229,200 100
10 60 74500 253,500 130,500 375,900 212,000 320,000 31,500 35

9 54 7,500 261,000 35,000 312,000 210,000 312,000 175,000 22

7 50 5,400 252,200 35,600 330,000 35,600 330;000 0 o

1 40 54300 242,500 43,800 332,000 43,800 332,000 0 0

15 20 12,700 265,000 29,000 308,500 29,000 308,500 0 5
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