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Preface

The Navy Department through the Bureau of Ships is distributing this report
to those agencies and individuals who were actively associated with the research
This report represents a part of the research work contracted for under
the section of the Navy's directive "o investigate the design and construction
of welded steel merchant vessels,V
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Mavy Contract. NObe-=31217
Research Project 8R-96

CORRELATION OF LABCRATCRY TESTS WITH FULL
SCALE SHIP PLATE FRACTURE TESTS

L

lg&;gduéfion

In the investigation of the possible development of a laboratory
test for correlation with large plate notched tension tests on ship
quality plate, a series of notch bend tests has been conducted., It
was expected th;t an adequate labo?atory.test would display the same
tfaﬁsiﬁion temperature or one thgt was readily adjustable to that
observed fof the large plate tensions tests conducted at the Univer-
sities of Illinois and California.l??
wiéitially, standard Charpy impact tests were made on 811 of the

L

sfeqls? and thg results compared with those for the 72" wide plate
tésts. .The,comparisons showed that no direct correlation existed be~
tween these two widely differing types of notched specimen tests, ",

- One of the etriking inadequacies of the impact test was the fallure
to show a diffgrence between steels A and C, a difference which was most
pronounced in the 72" wide plate tests. OSeparation of steels A and C

to some extent, and in the right direction e use of

i
prestrained Charpy keyhole-notch test bars, but the overall results did
not warrant the further use of this test, as the temperatures of tough

to brittle transition.were too low to use direct correlation procedures.

Because of this, a program was initiated in which the effects of speci-

1,2,3 - gee Bibliégraphy
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men size, geometry, and testing velocity on the temperature of transition
from tough to brittle behavior were investigated,

The results of slow bend testing (at 1" per minute) of standard
V~noteh Charpy impact bars did not separate Steels A and C. The transi-
tion temperatures for these two steels were apprsciably lowered however,
ag compared to those cbtained from the impact test, and fell in the range
of temperatures observed for the Jarge plate test results. An increase
in the gpecimen size to 0,788" high x 394" wide gave transition tempera~
tures for most of the stéels tested which were 10° to 20°F below those
for the 72" wide plate tests,

Fipglly, gpecimers were prepdred which were fuii plate thickness in
width and. 0,788".in height. .The tough to brittle transitiom, aslpgasured
by energy absorption values, oécurréd”for these'sbécimeﬁé at %emﬁératures
which agreed fairly well with the’transition ra}zgés for the 72" wide
PlaFe§94;wL | |

$§ecimens of this type,:wh@n'téétéd-across'h Ab"ﬁillimeter span, had
the disadvantage of  not breaking: cOmpletely. Rykdriliigg'fhe compression
zZone from the specimen and using a ‘Kardened steel pin on which to apply
the load, &s described bijchnadti;wi%‘WEs possible to circumvent this
dlfflculty. : T TR |

The present repert. is, confined t6 the outline of experlments w1th
this "Schnadt typs" speeimgn and the results pertaining to thoae exper1~

'

ments. )

The persopnel contributing: to the collection of these data are as

follows: .., .-
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Jo Re Low, Jr. = Technical Representative

Mf Gensamer = Technical Advisor

F. C. Wagner = Supervisor

B+ P, Klier - Investigator

Eunice Marks - Research Assistant

M, A, Biship ~ Research Assistant

Mina Moessen = Technical Iabor

Herman Colyer = Techhical Iabor

Philip Vonada =~ Technical Iabor |

Eleanor Tevlin - Drafting
Steels

The steels are those used formerly and are designated in the same
mannor.3 .
Testlng Program

Tests were *1rét conducted on certaln sectlons from 72“ w1de flat
plate tests in order to check previous results obtained for undrlllgd
spaclmens. N )

Further tests were then conducted on material from all of the
progect steels, using both IH and BH crientations, The meanings of
the d851gnations IH and BH are as shown in Figure 51; L, H, and B

represent directions in the plate parallel to the length (taken as the

The‘first letter in the designation of the specimen indicates the
dlrectlon of the long axis of the sp901men, while the second letter in-
dlcates the direction of tha notch For example, an LH speclmen is one

with the specimen axis in the rolllng dlrectlon and the noteh in the

»

thickness direction.



Specimen Preparation

Specimens for this set of experiments were prepared-in the follow-
ing mamner:

Bars which were about 24" in width were sawed from the plate and
machined by shaping to 2.16%, this latter dimension being the final
length of the test bars. These bars were then saweé tranévarseiy into
bars slightly larger than test specime£ height, and agﬁin machined by
shaping on two sides to 0,788", This procedure pave ﬁest gpecimens of
0,788" in height, full plate thickness in width, and 2.16" in length.
The stendard V-noteh (,079" depth, 0.01" radius, 45° included angle)
was used, After notching, the specimens were placed in a drilling jig
s0 set up that a 3" diameter hole could be drilled beck of the notch,
The distance from the base of the notch to the edge of tﬁe hole was
held at 0,312%. Figure 1 is a photograph of the test specimen, while .
Figare 3 1s & line drawing giving thé Aiméﬁéidﬁéﬁéf fﬁis specimen,
Testing Equipment S

No-changes were necessary in equipment from that used previéuérf?ﬁ
for conductiqg‘the slow bend notched-bar test with the exceﬁtioh of the
hardened steel pins on which the load was applied. The photograph,
Figure 2, shows the equipment as aésembled before the festing oﬁera-
tion, while Figure 4 shows the bending fixture with a notched bar in
place, .This Tixture has a 40 mm Ureanlug‘sﬁnu, wi
being used against the back and one end of the specimen. According to
whether: the dﬁslrgd testlng temperature was above or below the’ freezing

!

point of water, water or acetone was used as the temperaﬁﬁro contrel

[
dl (S

medium,



Testing Procedure

The first step in testing is the ad justment of the temperature of
the bath to the desired value.

For temperaturesbetween 60°F and lAOOF, tap water is used, being
mixed in the ‘required proporticns at the faucets and pipéd to the con-
tainer. For temperatures from 32°F to 60°P, ice is used to cool water
ag required, Finally, for temperatures below 32°F, acetone is cooled
with dry ice to the proper temperature range.

After the desired bath temperaturelis_reacheda A holding period
of at least 10 minutes is allowed to be .certain that the-bending fixfure
attains the bath temperatures, . Specimenshare then immerééa in the b;tgr
end held for & minimm of 4 mimutes before breaking, As shown by the
cooling eurve in Flgure 47 which wag determined by means of a thermo;:'
couple insertéd in a small hole drilled in the side of the éﬁeeimen just
above the notch, this length of time.ig adequate for the small mass of
the slow bend notched-bar test specimen,

The specimen is then centered on the anvils by means of a sfaﬁ _
which places the notech in the middle of the 40 mm, breakiﬁg span and
immediately under the punch which applies the_load. |

The centering device is then removed and the specimen is bent to
fracture at a deflection rate of about cone iﬁch per minute, After

for data on deformation and fracﬁure‘characteristics.
Repregentation of Test Data
:inhééﬁducting a slow notchebend test using the Schnadt specimen,

twe observations are made, both after the broken specimen is removed

4
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from the testing fixture., First the fracture surface is examined and

"’.h(—‘. rareant of e ra Ao 1Y
il perlelll QO L8 LIQAUU S5

{

appearance is estimated. Second, the width of the fracture at the sur-
face of the drilled hole is measured by means of a point micrometer,
This width (wy) together with the original width (wo) at the same point
is used to compute the contraction wg - wl which is taken as a measure
of the energy absorbed in fracturing the metal just below the notch.
The transition temperature can be determined in two ways: namely,
from fracture characteristics or from lateral contractibn at the frac-
ture edge. The trangition ltemperatures obtained by either of these
methods are in satisfagtory agreement with each other and with 72" wide

plate-test results.

measurements rather than tgﬁal energy absorﬁ%ipn.vélues is in order. In’
comparing lead deflection curves for Schnadﬁ typeISpegimeﬁsrﬁdrreéﬁbna;:;
ing to dictile and brittle failures, it_waslfound tﬁaf.there was very
little difference in total energy abso;-ption as determined by the wedge
extensometer method. As is shown by tﬁe curves in Figure 48 the ‘ehergy
absorption values as represented by the area under the load-deflééfion
diagrams ‘are,.in this case, too nearly identical for coﬁvenieﬁ% use in
plottinéfener@rrabsorp_tion versus j:empera.ture curves, The t;nefgy"ii:é;tér;
mined from the loadrdeflection_cgryeslig é total energy'ﬁhich ineludes
the energy of deformation of the specimen at the supports. Since this -

x -

latter -energy roproscots & large feaction of the ¢

a ductile specimen, the bohavior of the metal jusb below the niétch is
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Since deformation in the cross-section containing the notch is an

indication of the energy absorption of the volume of metal beneath the

noteh, it is considered a valid procedurs to substitute the change in

width measurements for total energy absorption values. This is partice

ularly true for the Schnadt type specimen because of the removal of the

compression zone, and because of the localized deformation due to the

V-notch. After obtaining values of wg = wy and percent ductile fracture

for any particular set of specimens, the data are plotted on graphs with

Wy - W] or percent ductile

testing as the abscissas,

show pegligible scatter, a

the transition temperature

fracture as the ordinates and temperature of

The way in which the curves are drawn on the

single curve is drawn by visual estimate, and

is taken as the point on the curve which .

correspondé to the midpoint between the upper and lower portions~9f.§hq%

curve, However, in cases where scatter exists, scatter bands are indi-

cated on the curves and the transition temperature is indicated as, the

approximate mean of this range. The summary graphs shown are all drawn

as sirgle curves to simplify the representation.

Results of Slow Bend Testing

to 24 énd 36 to 46, and the curves of Wo - w1 vs. temperature are shown

in Figures 5 to 14, and 25 to 35. The results for both types of curves

are summarized in Table I, where it is shown that good agreement exists

in a majority of cases.

There are exceptions howsver, in the case of the Br and H steg}g

particularly. The low transition temperature values for these stecls
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appear to be a function of extreme "fissuring" in the bars, This longi-
tudinal splitting of the bars has the effect of relieving the transverse
stress compoment and hence, lowering the transition temperature to an
extent which is bfesumably dependent on the number and size of fissures
presont; Experimental confirmation of this phenomenon was obtained for
the Br steel by comparison of two sets of data, Omne of these sets, which
was taken from the 72" wide flat plate specimen, BlA, showed no fissuring
and gave a transition temperature of about 25°F, while a set taken from
virgin plate manifested fissuring and indicated a transition temperature
of -25°F. Curves are shown in Figure 49 for wy, = wy versus temperature
which 1llustrates this and £he photograph ip Figure 50 shows the differ-
cnee in fissuring.

;abié#TI shows the estimated transition temperatures
w, ; ﬁi values for specimens taken from several additional large plate:
test specimen éections.

Photographs of the IH orientation sp001mons of E and Br stoels.are
shown in Figures 52a,~b,~¢ and 53a,-b, e rcspectively In the phato- -
graphs of the E steel specimens, it can be seepiﬁhgt there are only.i:.-
three specimens which ars not consistent‘with the goneral beha%ior;ﬁthese
are, one ductile fracture at 80° F, one ductile fracture at 75 F, and one -
partly ductile fracture at 60°F. In the fracture surface of each of
these three specimens some flssuringrisjevident, with the specimen at -
60°f.56iﬁg particﬁlarly interesting as it shows the remarkable cffect of:
one largo flssure on a speclmen about 250? belcw the fransition tempera=

;-l i

tura. R S _ et
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The fracture surfaces of all ductile specimens of Br steel show
fissuring to a large extept. The fissures arc small, ranging in length
from 2 maximum of 3 mm. downward,

In the previous reﬁort on this subject4, it was indicated that chang-
ing the orientation of the specimen had some effect on raising the transi-
tion temperature for steels Br and H., The enﬁire get of projcet steels
was tosted in BH orientation, and the indications now are that this
method is not effective in elimimating the effects of fissuring, as shown
in Table I,

In Table A-I of the appendix, all of the data used in drawing the

- A

[ - K S _ Y R I A . ALl -2
ripgures 2 Lo 40 dAre apulalad,

curves in
Conclusions

1t is evident from the foregoing data that tho Schhadt.%féé éi;ﬁ
bend test is an adequate test to reveal the large plate fréctﬁéémgﬁgéac-
teristiqsfof_tpeLQroject §teels_§q_long as fissuring transverselto_¢he
noteh does{npt‘oqcur, ‘hen .such fissyring occurs, the transitign;pgmpera—
ture is markedly.lowar than that reportqd}for the 72" wide interyglly
notched plate. However, such fissuring is readily cvident so should not
impair the satisfactory application of the test. At present an inadequate
number of steels have been tested to allow an estimate of the general
applicability of the test, and it is recommended that many more heats of
steal be tosted, It is desirable also to determine possible variations

through a given heat of stecl, for as is indicated in the data for steel

Br, these variations may be quite great.
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TABIE I

Comparison of Estimated Transition Temperatures of Slow=-Bend Notched-
Bar Tests and 72" Wide Notched Tension Tests

TRANSITION TEMFERATURE -

SPECIMEN L Steel

TYPE OF TEST CRIENTATION DATA USED E _C__ A Dr __Dn_ Bn_ Br @
72" wide tension - 50% Energy 100 90 35 30 28 31 32 20 =45

abscrption

Ref., 1 & 2

BH BHE

Slow-bend notched- IH, except Energy 73 97 50 1g 23 30 ~4 =11 18 =35
bar tost as noted abgorption

Ref. 4
Slow-bend notched- LH Wy = Wy 85 110 50 25 25 25 -25 20 =35 =30
bar Schradt Type
Slow-bend notched- LH % Ductile 85 120 50 25 25 25 =28 «15 =35 =30
bar Schnadt Type Fracture_ .
Slow-bend notched- BH w, - W 70 1004 40 25 20 - =20 -15 -10 -15
bar Schnadt Type
Slow~bend notched- BH 4 Ductile _ 70 1004 40 25 20 - «20 ~15 =10 =15
Bar Schnadt Type Fracture

~1L =
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| TABIE II
Iarge _ Transition Temperature
Steel Plate # , 2788 x 3/4" V-noteh, 1/2" Drilled Hole*
A AlM ~. 60%F
A v | ; a5 °p
A 5 AR , , 45°F
v . f ) ’
Bn BLA #32°F
Br BIA' | #30°F
c Cla. : 95°F
c C24 | | 120%F
Dr co 18A1K E : 5%
Dn 57 ' 10°F

2 1347 110?}*

p i

% ‘A1l specimens were of IH orientation and transition tomper-
atures were picked on the basis of wo = wy values, Specimens
were selectod from relatlvely unstrained material immediately
under the notch of the 72" wide flat plate specimen,
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TABLE A=

L ' % Ductile

Temp, 'F Speec. # W, ~ Wy Fracture Orientation
#50 A-6 JO44 106 BH
£50 A-13 043 - 100 BH
#50 A-14 L035 ° 100 BH
A4l A-3 .057 100 BH
£l A-7 .053 - 100 BH
#4l A-8 016 15 BY
F37.4 A-1 015 15 BH
#37.4 A-11 L060 ° 100 BH
#35.6 A-12 011 15 BH
#23 . A=5 009 10 BH

- #23 A-10 .013 - 10 BH
23 A-15 .011 15 BH
F14 A=2 002 10 BH
A1 A~ -,002 - 10 BH
14, A-9 ~-,001 10 BH
£37.4 Dn-8 082 - 100" " BH:
#32 Dn-15 075 100 BH:
£32 Dn-14 075 200 BH -
#23 Dn-13 .082 100 - BH
#23: Dn=12 - .002 35 - BH
£23 Dn-7 - 077 100 == BH
Fa¥A Dn-9 .004 10 - BH
£k D=2 . 012 . 15 BH
£l Dn=1 015 15 - BH -
P50 Dp-10. 007 . 15 BH -
5 Dn-5 LOYT 13 BH -
A Dn-6 .'. 001 . 0 - BH
-l Dn~d, 7 000 10 - BH
- Dn=3 005" - 10 - BH -
AL Dr-13 - ¢ 057 . w0 BH -
A1 Dr-10 - 054 100 BH -
£32 Dr-8 - - L054 100 - BH -
#32 Dr-5 - oV 15 BH -
A3 Dred .} 058 . 100 - BH- -
£23 Dr-15 & 010 . 35 . BH. -
£23 Dr-9 . 059 . 100 BH
FavA Dr=l4 7 010 . 5 . BH" .
#L Dr-11 .011 15 BH ..
AL Dr-l 007 15 BH .
457 Dr-12 .015 65 BH:..
A5 Dr=-2 . .005 a5 . BH ...
-4 Dr-7 .008 . 15 - BH ..
- Dr-6 .005 15 - BH

-4 Dr=3 002 15 BH



E-11
E-15

E-13

£-10
E~1/
E-5

Cc-11
c-15

-lzaﬂ

- IABLE A-T (Continued)

Wy = W:
.063
.069
.073
069
.051
.066
#034

.029
.026
.039
- 028
025
001

<043
043
- 024
048
036
027
L] 029
051
.052
009
«020
048
«025
.023
015

.058
0050
.053
.052
055
065
054
057
062
.058
060
.062
014
.059

4 Ductile
. Practure

100
100
100
100
100
100
35
100
100
35
35
15
10
10
15

35
50
15
100
15
15
10
100

100
10

15
100
10
15
15

100

100

100
100
100
100
160
100
100
100 .
100 .- .-

100 :. -

50
100

BH
BH
BH
BH
BE
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH

BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH

BE - -

BH - -

BH

BH
BH

BE -
BH~
BH:

BH

BH-
BH -
BH - -
BH
PH-

Orientation



Q-15

N-5
N-77
N-11
N-14
N-1
N-10
N-13
N3
N-6
N-8
N-9
N-15
N-2
N-4
N 12

SN
[ecRNN
[

W

k3

=~

I I I R A N R T T
N O

¥

k!ﬁJO\Fisab-siuxnzﬁs¢)k=pa

_Bau.

TABIE A-T (Continued)

% Ductile
Wy ~ Wy Fracture
071 100
vggl 100
067 100
064, 100
L7 100
. 069 100
006 50
L0632 100
.063 100
068 100
002 10
010 15
022 15
020 '35
.001 15
063 100
063 100
063 100
2063 100
.060 100
=043 50
060 100
059 100
.015 T15
.060 100
.010 15
L012 15
.019 10
.018 15
014 15
067 100
.008 35
.005% 15
062 100
008 15
L062 100
,065 100
066 100
005 10
. 004 35
.008 35
.009 35
,003 i0
004 10
005 15

Orientation

BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
BH
EBH
BH

BH
BH
BH
EH
BH
BH
BH
BH
BH
BH
EH
BH
BH
BH
BH

BH
BH
BH
BH
BH
BH
BH
BH
EH
BH
EH
BH
BE
BH
BH

-



Spec, #

Bp=-31
Bn~-32
Bn-33
Bn-34
Bn-35
Bn-36
Bn-60
Bn-19
Ene26
Bn-22
Bn-25
Bn-28
Bn-37
Bn-38
Bn=39
Bn-40
Bn~29
Bn-21
Bn=18
Bn-16
Bn=24
Bn=17
Bn=30
Bn=-27
Bn-t.'l.l
Bn~i2
Bne-d4
Bn~45
Bn~=46
Bn=47
Bn-48
Bn-49
Brn=50
Bn-51
Bn=«52
Bn=-53
Bn=54
Bn=55
Bn~56
Bn=-57
Br=58
Bn=59
Bn-1
Bn-2
Bn-3
Bn=-4
Bn-5
Bn-6

-4&..

TABLE 4-1 (Continued)

% Ductile
Wy = Wy Fracture
.070 100
064, 100
071 100
066 100
.068 100
L061 100
061 100
063 100
.059 100
.069 100
064, 100
.065 100
065 100
060 100
055 100
.058 100
L071 100
064, 100
.010 25
071 100
063 100
L0068 100
,061 100
L066 100
.069 100
.001 10
L0606 100
.022 5
.000 10
009 20
L062 100
.002 10
.008 10
.009 20
.058 100
.005 " 15
075 100
.006 20
.008 25
071 100
.006 15
.005 15
004 10
.008 15
.002 10
- 004 10
057 100
.002 10

Orientation
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- 58 =
TABIE A-I (Continued)

o % Ductile
Temp, F Spec. # Wo = Wl Fracture Orientation

10 Bn-12 .002 5 LH
10 Bn-10 .001 10 LH
10 | Bn~11 .000 5 14
10 Bn-9 011 15 IH
10 Bn=8 007 20 IH
10 Bn~"7 <004 50 IH

5 Bn-13 002 10 1K

5 Bn-14 -,003 15 1H

5 Bn-15 .001 10 IH
70 A=1 .055 100 i
70 4=20 065 100 IH
70 A=14 .051 100 1H
70 A~9 063 100 IH
65 A-53 .059 200 1H
65 A~26 058 100 IH
65 4-49 .062 100 1H
65 A=8 .055 100 IH
65 A-38 L061 100 LH
65 A-50 058 100 IH
60 A-12 058 100 IH
60 A=5 .015 90 IH
60 A=29 055 100 IH
60 A-19 054, 100 i
60 Awf .059 100 IH
60 A-28 .059 _ 100 L
55 A=30 014 75 IH
55 A=-39 054 100 Iy
55 A-16 -029 80 IH
55 - A4~25 ,826 ioo IH
55 - 518 .062 00 Id
55 A=27 .063 95 LH
50 A5l 018 40 1
50." A~52 055 , 100 1H
50 A-33 015 15 IH
50 A~34 058 100 14
50 C AR .013 20 1H
50 A~41 059 95 I
L5 A~-55 009 _ 25 IH
450 A=L3 ,018 . 10 IH
45 A-57 013 25 L
L5 A-35 . 061 100 I
45 A-4f 055 130 - IEH
L5 A~44, 017 . 0.
4G 4-59 056 100 1
40" £-32 010 10 o

40" As40 012 30



-ta -

TABLE 4~I {Continued)

o =M

2 061
.017
.009
.008
L 008
® 003
-009
.018
012
.000
»008
011
.002
.009

»070
.070
071
069

mery
B

071
.067
. 066
.067
071
. 069
045
066
050
003
001
.002
- L072
072
067
. 000
. 066
.070
. 004
000
.069
» 073
L} 062
.000

'% Ductile

Fracture

100
40
5
0
40
25
0
0
40
0.
50
0
0
20
20

100
100
100
100

h¥aTsl
vy

100
100
100 .
100
100
100
100
200
100
10
30
15
100

N

100
100
100

20
100
100
40
15

¥a%s!
E RS

100
100
160

Orientation

LR

L

l
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TABIE A~I (Continued )

g =Wy

001
065
071
+002
73
067
.000
004
071
.003
020
.002
.066
- 001
.069
.068
069
002
005
004
071
001
.005
.001
.002
004
.002

% Ductile

Fracture

10
100
100

20
100
100

30

30

10
100
100

60

25
100

15
100
100
100

10

20

25
100

20

25

p

10

20

10

b Fatal
RRVLW

160
160
100
100
100
100
1060
100
100
100
100
100
100
100

85

1G0

Orientation
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B-52
E-18
E-11
Eei?
E-19
E-12
E~b

E-50
E-13
Ew=i8
E-35
E~49
E=41

E=~10

=8 =

TABIE A-I (Contimed)

100

Orientation
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TABIE A=T (Gontinued}

% Ductile
Eracture

100
100
100
100
100

100 .

h NaTal
PRELY)

100
25
55

100
LU

~ 100
- 100
. 100

100

Dl el

. 100

100
100
10
100
100
100
70
10
100
60
10

an
LS

40

10 -

160
10

15
100

100
100

-t

100
25

30
50
20
10
100

Orientation
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[ S Y

Q=20
Q-22
Q-23
Q24
Q-25
Q=32
Q=26
§-27
Q=29
Q-28
Q-31
Q-30

w 108w

TABIE &-I (Continuéd)

% Ductile

" Fracture

‘15
10
50
100
- 5
10
]
-+ 10
- 15
« 30
.70
.10
© .20
.10
100
100
‘100
100
100
"100

TN
U

100
T 15
100
" 30
" 10
100
© 50
100
15
60
30
100
5
20
100
5

L FaTal
ERvAS

- 100
30
70
15
15
25

5

v -

o Orientatipn .
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TABLE A-I (Continued)

- % Ductile

~30 H-6 018 50

Zenp, ¥ Spec, 4 Mo =™ Fracture Orientation
=20 Q=15 .004, | 2 I8
=20 Q-36 » 0012 l ] IH
=20 Q=35 = 011 10 IH
~20 - Q=41 061 . 100 IH
=20 Q=40 019 15 IH
=20 Q=39 .010 5 H
=25 Q=34 .08 20 IH
=25 Q43  =.003 5 E
=25 Q=46 o) 5 1 ) L5 IH
-25 Q=37 .020 | 25 IH
=25 Q=45 .006 i 25 1H
-3 Q-42 .020 _ 15 IH
-0 Q=47 . +012 .25 1H
~30 Q-38 4002 . 10 IH
-30 Q~33 4029 25 IH
-30 Qr49 .008 " 10 14
-30 Q=53 .059 100 IH
=30 Q=52 -.003 2 IH
=35 Q=50 002 .10 IH
=35 G-51 029 - 60 1H
-35 Q=54 .036 .20 IH
-35 Q-58 .006 ’ 5 1H
=35 Q=56 021 S35 IH
-35 Q=55 -.003 -2 IH
=40 Q-48 014 - 15 IH
=40 Q=44 - 006 0 IH
-40 Q=57 »000 2 IH
~40 Q=59 .002 5 1H
~40 Q60 .004, 2 IH
-15 H=9 .059 100 L

- =15 H-12 064, 100 IH
-15 H-38 063, 100 i
- =15 H-13 .065, 100 LH
- =20 H~37 075 100 IH
20 H~23 019 70 LH
20 HeR4, 061 100 IH
=20 Hel 025, 90 IH
-25 He40 L06Y . 100 B
=25 H-25 002 . 5 18
-25 H-36 063, 100 IH
<25 Ha26 071, 100 | H
-30 He42 061 ., 100 IH
-30 H-30 066 100 IR
-30 B-11 029, 90 ~‘%§



lhu. 12a -‘"

TABIE A=I {Contirued)
% Ductile

- T“BEE..._'. o? Smc. i Yo =Wy Fracture Orientation
-35 H=17 005 . ° 5" i
=35 H-1 - 003 10 IH
-35 H-22 066 100 _ IH
-35 H=-35 029 85 Ly
-40 H=34 054 100 IE
=40 H-3 057 100 ., IH,
=40 H-18 002 30 . IH
=40 H-39 021 L0 - IH
-45 H-32 .003 | 10, 1H
=45 H-27 006 20 . IH
-45 H-16 012 25 IH
~50 H-28 .003 0 L
=50 H-33 .00l - 10 1H
~50 H-21 072 100 | LE
=50 H-19 007 15 H
=50 H-29 004 - 5. IH
55 H-14 010 . 30.. T
=55 H-2 .007 Q. JH
=55 H-5 008 20" 1
=55 H-8 006 i5 LIH
4130 C-43 045 - 100 IH
430 C~49 04 - 100 - 18
#130 -3 051 100. IH
" #4130 C=38 L051 100 . ¥
4130 C-42 046 97 I8
“#130 C=57 050 . 100 J1H
”§§22 c-z; 048 85 TH
#12 C- .039- | 55 LH
.?;125 C=60 049, 70 Lk

4125 =50 J040. 25 1H
ilgg C=24, .04%\-, 80 LH
1 C-9 051 50 IH
j;zo c-32 052 20‘ i
120 C=52 048 0 IH
#120 C=23 055 90 - IH
' A120 C=46 .030: | 20 1y
::¥1zo C=34 048 30 T TH
©#£120 C=22 NVI7ANS 50 1H
_;115 C-4 053 ., 100 ‘iﬁ
L #1115 C~8 | 028, 20 L
- #115 =33 017 10 iH
#1315 028 032, 20 jhii
#115 €=35 026 . 30 :%g

¥115 c-11 053 75



..]_33_

TABLE A—I'!Continued)

‘ % Ductile

Tomp. ¥ Spec, # o " ™ Fracture Orientation
" #110. C-12 .032 40 IH
£210 C=30 031 30, IH
5110 C=17 .030 40. -TH
F110 A LR 40 IH
£110 C-55 035 10 IH
#110 c-2 026 10 1y
#105 c-31 054 60 IH
#£105 C=40 017 10 1"
£105 c-10 019 5 IH
£105 c-15 .029 20 IH
£105 C~14 ,027 20 LE
105 c=6 022 20 IH
£100 C=36 .029 5 1H
#100 C-41 022 5 LK
#100 c-18 031 5 1E
#100 c~19 .030 5 IH
#£100 -39 .030 10 IH
#2100 €=53 .028 15 LH
£ 95 c-16 .025 5 IH
A 95 c=7 ,026 5 TH
£95 c-1 .030 5 IH
#.35 C=27 .004 0 - IH
£ 35 c=25 .003 0" 1
#4D Dn=40 L0700 - 100 H
#ib Du-26 L7100 100 1#:4
£4O Dn-7 023 ¢ 50 1H
A0 Dn-41 0730 100 IH"
#40 bn=50 066 . - 100 IH
#35 Dn-16 067 100 LH
£35 Dn=42 067 . 100 it
#35 Dn-36 L0700 . 100 1H
£35 Dn-60 067 . 100 IH
£30 bn=37 .067 : 100 IH-
#30 Dn=-52 .068 : 100 - TH~
£30 Dn-3 075 - 100 - 1950
#30 Dn=47 L065 100 1933
A25 Dn-20 069 100 I
£25 Dn=22 003 - 15 13
#20 Dn=45 066 100 IH
#20 Dn=2/ 014 10 IH
#£20 Dn=44, 017 20 IH
#20 Dn-27 071 100 IH
#20 Dn=51 .070 100 I
£15 Dn-11 ,010 5 IH
£15 Dn~21 067 100 %g

£15 Dn=13 072 100



. w

- ;43 -

TABLE 4A-I {Continued)

Wy - WI
003
008
- 4057
010
010
012
<004
1,082
009

.. ".005
) P

TL.021

1,000

- .005

~ W01
002

L. ,000
S 4003
- .006
~.004
-,001
.?;:.001
s o003
’ ’:.002

- =001
R 0002
v =003

, +001

-.001
L001

. 001

o, +»003
. W002
007
000
-001

LR N

% Ductile

Fracture

100
20
100

3

5

5

5
100
20
5

30
50

- -
COOCOOOMONNMOHKHKGWMW N WM O W\

R f-“ g .

Ra

Orientation
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