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ABSTRACT

This report contains the results of tensile tests made on
geometrically similar steel specimens. Tests were mede in a systematic
manner with Aspect Ratios (width divided by thickness) varying from 4 to 20,
Each specimen was internally notched with a central transverse notch having
a length equal to 1/4 of the width of the specimen. The ends of the notches
terminated with a drilled hole. The disnméter of the drilled holes was made
proportional to plate thickness. Steel plates ranging in Mas rolled thick-
nesses", from 1/2 inch to 1} inch were investigated from two heats of steels

The results of the tests are classified on the basis of strength,
energy absorption, and transition temperature,

It was found from this investigation that dimensional similarity
of specimens does not assure geometrical similerity of plastic strain pat-
terns. Therefors the geometrical and metallurgical effects of thickress on
trangition temperature could not be segregated on the basis of geometrically

simllar gpecimens.in this investigation.
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INTRODUGTION and SUMUARY

This study, designated as the Aspect Ratio Pfograﬁ;uis
:Qﬁ‘éﬁﬁléfatory invéstigation of the effects of specimeﬁ geometry (width
and thiﬁkness) on strength, energy absbrption and transition temperature,
using internally notched steel spécimens tested in tension. The width
and thiékhéss of specimens were relaﬁéd by considering the Aspect Ratios
(AR) of the specimens where AR represents the ratio of gross width of
specimen to thickness of tﬁé blate.‘ Specimens of equaiﬁAleefe‘said
to be geémetrically siﬁilér, sinecs noteh length and acﬁii&t%ére aléé
" 'held in striet similitude. |

The intent of this study was o obtain a separation of the
geometrical from metallurgical effects in plates having variable %as
rolled" thicknesSes from the same heat. A systematic wvariation in AR

in verious plate thicknesses was made, utilizing two different stéels.

Assuming for a glven thickness of a civen steel that chemicai and
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metallurgical effects would remain constant, the size effects noted
could be attributed to geometfizin the form of increased width., It was
thought that data using specimens of different thicknesses but with
equal AR and thé same chemistry, would enable a determination to be
made of the effects of metallurgical changes due to rolling. The
latter comperison is dependent upon the validity of geometrical
sinilerity of‘bo£h elastie and plastic straing in all regions of the
specimen, fegardless of plate thickness.

Results of this study on internélly notched specimens indicate
that dimeng%gqgl similarity of unstressed specimens does not necessarily
guaranteergimglarity of such important physical relations as strength
an@‘up;tsgnergy_absbrption. Thgse physical quantities were found to
vary wifﬁ B;th thickness and width. |

-With regard to strength, as determired by the meximum average
unit stress on the net croés-sectiqp, comparisons of gepmetriqally
similar sﬁecimgpgtshow that the thicker plates have a’definitelx.smaller
unit resistangé(fhgn thinger plates. ¥or plates of gqual width.thé_
strength of the plates shows small differences with_varying thickpggs.
On the whole the strength dpes not appear to depend greatly on thickness
when width is ﬁot varied,_

With regard to'energy absqpppion; to maximum load, the data
for geometriqally similer specimens iqdiqate‘that ﬁhe,thicggr.plates
absorbed leés energy per cuble inch of volume (termgd unit energy) than
thinner plates. Hoﬁever, for specimené of equal width the sitvation is

reversed and the thicker plates absorb more unit energy than thinner plates.
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. The transition temperature for a given thickness qf plate,
metallurgical éffects assumed constant, shows a’trend upwards as the width
of the plate increases. For small widths the thicker plates have higher
tranSition temperatures than the thinner plates, considering either
constant aspect ratio or width., The guestion here is what part of this
increase in transitién temﬁérature is due'to the geometrié%l effect of
increased thickness and what part due to metaliurgical differences. The
effects of metéllurgical differences can only be determined in the gbsence
of geqmetrical effects. As it was found that dimensional s;milarity does
not completely eliminate geometrical effects, the iso;ation of metéllurgical
effects may require comparison of the various thicknesses on some basis
other than equality of aspect ratio.

A trend toward uniformity of strength and unit energy in the

various plate thicknesses, as width is increased, would suggest that the

effect of thickness is to modify the rate at which these wniform values
are approached as width is increased.
The results of this study must be considered %o be exploratory,

disclosing the need of further study and investigation.

MATERIALS
The steel plates used in the aspect ratio program have been
given the code designation Tel, T-2, and T=-2R, The T-1* steel was

furnished in 1/2%, 3/4", 1" and 13" thicknesses, with all plates rolled

*The T~l steel was given the plate code letter "G" in the report "Further
Study of Havy Tear Test" by N. A. Kahn and E, A, Imbembo published in the
Welding Journal, Februzry, 1950,
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from the same heat. The T-2 steel was received in 3/4%, 1% and 13"
thicknesses, all rolled from the same heat. "T-ZR designates the 3/4"

thick plates obtdained by re-rolling a portion of the 13" thick T-2 steel.

The chemical analysis for these steels is as followses

Steel Code c mo R 8 si
B R 16 .93  “.D13  J034 <020
T2 18 W72 L0224 W026 0 W26

T-1 steel is termed a semi-killed steel of the ABS~B type
and the T=2 steel is termed 2 silicon-aluminum killed, fine grained steel,

‘The T~2R &teel was produced by re-rolling 2 pieces of T=2
steel 13" thick x 48" wide x 60" long. A reduction £6 3/4M thickness
was made without cross rolling in 2 passes while maihtéining the 48" wide
dimenéiéﬁ; ‘The ‘14" thick plates wers in the sosking pitmior to rolling
for one fiour and Fifteen minutes at a “temperature of 2240°F. The finishing
;féﬁpératﬁfé'%aé 1680%. The surfaces of the re-rolled plates were =
excellent and relatively free from scale.

" The grain size for these steels has been reported to this

laboratory by Mr, ‘I, A. Kahn® of the New York Naval Shipyard, as followss

Steel Code Plate Thickness MeQueid-Ehn
oyt Y g
w1 - VLR S 1.3
=2 s LI 13
Ped 0 o v ...“wléu_.fwn dtm.”“*.,wg.
fom - S /A e

¥ By letter
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It has been further reported for the T-l steel that a2
progressive decrease in the ferrite grain size was observed, with &
decreage in plate thickness. The ferrite grain size for the I~2 steel
has been reported as 5-7 and for the T«2R steel as 6-8,

The tensile physical properties of the steels as defined by
yield stress and ultimate stress are given as follows based on ASTM
standard full plate thickness specimens:

Physical Properties
Unnotched Bars

Steel Code - Plate Thickness . Yield Stress = _ Ultimate Stress
psi psi

Tl - : 1/2n . - 41,000 - 67,200
3/4" 35,800 _ 63,200

LI 37,200 - 71,000

" . 36,400 60,000

T2 3/4" 39,600 67,000

N 40,000 67,000

v . 33,800 64,4500

T=2R- . 3/40 _ 39,200 67,000

Iest Specimens and Test Schedule

Figure 1 represents the typical specimen used. The radii
of the drill holes at the -ends of the internal notches are proportionate
to plate thickness. The size of the drill hole used for various thicke

nesges of plate was as indicated 'in Figure 1, .
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The layout of the speciméns ffom the plates furnished to
this laboratory is shown in Figures 2 o 8b indlusive, for ateels
designated as T~1, T-2, and T-2R. - When thé program was first planned,
a layout of the plates of T-1 steél was made to provide sufficient
specimens of a given size distributed across the width of the plate to
determine changes in transition temperature due to .position within the
plate., The 1/2" thick plates of T«1 steel were laid out to provide.four
longitudinal blocks or zones denoted as Block I, II, III end IV on
Figure 2. The.3/4" thick plates were laid out in three blocks denoted as
Block I, II, and‘III, the 1" thick plates laid out in five blocks de=
noted as I to V inclusive, and the 11" thick plates laid out in Blocks I,
II, and III. It was hoped that if enough specimens of any aspect ratio
were tested from any glven block, statistical studies of the effect of
position within the plate could be made. However, due to costs and time
involved, this extensive.testing program was completed only in‘ﬁhe 1/2n
thickness,

Figures 9, 10 and 11 show the schematic outline of the aspect
‘ratio program as originally planned in which it was contemplated that
tests would be made for specimens as wide.as 30" in the 13" thickness,
However, this program had to be curtailed. The blacked-out plates in the

“‘figures’ indicate the widths and thicknesses actually tested in thie

Y program,

The aspect ratios-tested in the different thicknesses for

the various steels are given in the following table:
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TABLE 1

Aspect Ratios Tested

S+eel Code Thickness Aspect Ratiogs

T-1 /2% 4,,8,16,19
3/4" 4,3,12,16
1 458,12
13 4y6

T=2 3/4M Ly8,12,16
in 4,6,8,12
1 4y6

T2R 3/4" 641,20

The specimens within any given rlate layout have been identified
by a letter and a number (see layout diagrams).

Measurement of Elongation

1 The elongations of the test specimen were measured in the
direction of the tenmsile loading over a gage length equal to 3/L the
width of any individual specimen. The game clip daee instrumentation
as descrlbed in a prev1ous Progress Reportl* was adap ed to longer or

shorter gage lengths by using extending or ehortenlng bars.

-Temgerature Control

The test temperature was controlled by enclosing the test
specimens in a plexiglass housing in which temperatires below room
temperature were maintained by circulating air cooled by dry ice.
Heating of the specimen above room temperefﬁre'wes accomplisﬁeélb§
electric strip heaters plaeed in the temperature control chamber. A
full descrlption of the temnerature contro; QQUmeent was glven in a

previous Progress Reportl. Test temperatures were chosen so as to

¥Superseripts refer to references in Bibliography
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straddle the transition from shear to cleavage fracture.

TEST RESULIS

Data |

The .tables in Appendix I list the basie date eEtaine& for
test speeimens ef,all steels, as follows: Test temperature; the load
producing the ;ieible crack at the noteh, the meximum load, end the
fracture 18;&; and the energy input to each of the aforementioned loads
in inch-lbs. In‘addition, the charecter of the observed fracture is
given in terms of percentage of sheer texture in the fractiure surface.
The energy te;the'visible crack leadiﬁé has been designétad as E, the
energy to maximum Joad ae E1, and the energy to fracture as E2., The
tables also list the difference in energies E2-E] where this -quantity
represents the strain energy absorption after the meximum load. A1l
of the tabulated energies were obtained by +‘1n<:1:_ng the area under the load=
elongatlon curves, Typical load-elongation curvee are ircluded in
Appeedix III of this report for tﬁo'epecimens for every aspect ratio
tested, ene curve referring to a specimen failing-in shear and the
other curve referring to a specimen in which cleavage failure occurred.

- The basic data shown in the tables are graﬁgically eummarized
in the figures given in Appendix IT,

o

Averapge Maximum Unif Stress

Tables 2 and 3 list the-averege values of the nominal unit

)

stress at maximum load for T—l,'T¥2,-and T-2R steels in addition to the

unit emergy values. The pominal unit strees intensity is based on the

I I



TABLE 2
T=-1 STEEL
Summary -of Unit Euergy*.and Average Unit Stress at Maximum Load
| ‘?alues Based on Gross Gage Volume and Fet Area

end the Aversge for all Specimens Ethbiting Either 100% or 0% Shear Failurves

Thick- Percent AR A MR 6 AR_8 AR 12 AR 16 AR 19
nesg of Shear u psi u____pai u_ psi 13} _bsi u psi 1 pai
1/2% 1008 4,480 71,000 . 2,610 i63,05o  ' , 1,870 58,100 1,700 54,730

0% 4,520 71,900 2,400 63,570 : 1,220 56,300 910 52,940
34" 1005 3,720 67,940 2,460 59,940 1,820 57,000 1,610 55,080
% 3,810 69,230 2,000 59,530 1,420 56,460 1,350 53,620
1 1004 3,090 61,720 ) 2,370 55,420 1,860 52,550
0% 3,190 62,680 1,900 57,160 1,245 52,630

11/20 1000 2,800 59,130 2,250 56,300
0F 2,540 60,200 1,060 56,780

* 1, unit energy in inch-lbs. per cubic inch
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net crosse-sectional area of the plate at the notch. The averages are
separately given for ail specimens exhibiting either a total chear

fajilure or a total cleavage failure,

ﬁhit Energy

The energy absorbing capacity of a given steel in different
aspect ratios may be compﬁred by considering avefage unit energy. ﬁnit
energy, designated as {u), as herein defined represents the result ob=
tained by dividing tbé total energy input-to mazcimum load by the.volume
of the plate between gage lines. Thé units of the computeﬁ wit energy
are 1nch-1bs. per cubic inch of metal. The volume is equal to
3//W x Wt or 3/4W2t {see Fig. 1) which may be termed "gross gage volume"
Thus, (u) equals E1 (3/47R%).

Table 2 summerizes the calculated averagé unit-energies at
maximum load for T-i steel, The average it energies are given only
for speeinmens failing in-lOO% shear or O% shear, with all specimens
s of e‘ther mode of fallure being used in obtaining the average value.
Table 3 similarly summarizes the llmited results for T2, and T=2R
respectively. ‘

Yo ccnsideration hés beén given to energy absorbed bheyond

meximum load, but values are given in the tables of Appendii 1.

DISCUSSION OF TEST RESULIS
‘ Average Unit Stress
Averane unit stress values at maximum 1oad based on the net

erea at the notch, for T-1 steel, have been plotted in Fioure 12 against
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aspect ratio. The results plotted were taken from Table 2 for the
speeimens failing in 100% shear, but specimens failing in 0% shear do
not differ significantly from the fully ductile ones in specimens of
these aspect ratios. ‘he wnit stress for a given thickness gradually
falls with increasing aspect ratio. This reduction is due to iﬁcreased
width since metallurgy_may be aséuméd constant for_a given thickness,

‘ The unit stress for a given aspect fatio decreases as tbléknesé
increasesf The loss inistrength of the thicker plates m;y be attributed
to metallurgical effects if specimens §f equal.gspect ratio are similar
in their strain patterns. However, the effect of non-similarity of
strain pattérns will not be considered at the preéent tlle.

From the results obtained by the University of California?
it may be expected that the unit stress would reach an asymptotie value
for plates of great width, This is probqblj due to the more uniform
action of stress upon the net crOSS“SBCuIOH at the greater width.

In Figure 13, the unit stress values of‘Table < have been
plotted against width rather than aspect ratlo. Here it may be noted
that unit stress decreases as width increages; bhut that varnable thick-
ness does not greatly affect unlt stress. Comparatlvely, width appears

to be a better basis for corrslation than aspect ratio.

Unit Energy absorption

Figure 14 is a plot of unlt energv (u) versus aspect ratio for
the 1/2", 3/4", 1" and 13" thick plates of Tl steel. In plottlng Figure

14 the data from Table 2 for the spec1mens failing in 100% shear has been
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uged. The figure shows, for equal aspect ratios, that the 1/2" thick
plate genefaily absorbs more energy per cubic inch than the thicker
plates; with the differences due.to plate thickness being less in ‘the
higﬁer aspect ratios. If unit energy to maximum load is a criterion,
then it ean generally be stated that the thicker plates pdsséss less duc=
tility than thinner plates, when comparing'eQual aspect ratios.
| The unit energy absorption for specimens failing in Of shear
shows the same trend as aspect ratio is increased as for specimens failing
in 100% shear. However, the values of unit energy are lower for 0% shear
failures than for the 100% shear failures at aspect ratios of 8 and great-
er., It should be noted (see Table 2 that at an aspect ratio of 4 the
values of unit energy are nearly equal for 100% and 0% shear for a given
thickness, This indicates that the loeal conditions at and around the
noteh for the‘narrowésﬁ-specimen-are the same regardless of the mode of
fracture. This progress report does not present é further analysis of
the energy veriation fof the speéimens exhibiting 0% sheér failure., Anae
Iytical work is néw in progress to ascertaln the significance of these
phenomeha. o
The unit eﬁérgy data given in Table 3 for T=2 and T-2R:steels
chows the same trends with regard to thickness and asPéct ratio as for.
T-1 steel., The T-zzsteel, however, appears to absorb in general less
energy than T«l,
The T--2R steel, based only upon a few %tests in 3/4" thickness,
absorbs essentially the same enérgy as T=2 steel. Considering the over-
all results it may be concluded that in a given thickness changes in

metallurgy or chemistry had 1little or no effect on energy absorption for



these two steels.

An interesting comparison between umit energy to maximm load,
width, and -thickness is shown in Figure 15 for T-1 steel. . The unit
energy tends to become equal for a given width of plate as the thickress
is increased from 1" to 13". The question here is whether or not this is
indicative that the detail mechanism of energy absorption may be nearly
similar for the specimens of constant width in the I" end 13" thickness.
Such similarity might imply identical plastic strain patterns generally
throughout the specimen with the probability that conditions at the noteh
would become similar for specimens of equal width in 1" or 1j" thickness.
If this should be true, then the transition temperatures of equal width
. specimens would be comparable instead of specimens of equal aspect. ratio.
Furthermore, if this assumption is true, the difference in transition tem=-
perature so found could then be attributed to metallurgical differences
alone, llo definite generalizations can be made from the results, hence
these speculations must be considered only in the form of a query.

.. When the values of wnit energy to msximum load for 100% shear
failures are plotted on width rather than on aspect ratio, Figure 16, the
- values for constant thickness run closely parallel, the results for
.. greater thicknesses lying above the smaller thicknesses rather than below
~them. In Figure 14, where values of mnit energy were plotted against
aspect ratio (Wt“l), the greater thickness gave lower walues of unit
energy. Inferences from this fact might be drawn with respect to the
strain patterns as affected by thickness, but these are left for later

consideration.
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In any case, it appears that By'plotting on some function inter-
mediate between W=l and Wt® the curves could be superimposed within the

limits of experimental error. .

iszansition‘Temneratures

.
I

Transit¢on temperatﬁrés have been established by two methods:
"nFlrét,‘a temperature range was determlned, elther the range Wlthln Which
the mode of fracture_changes frop ghea;_to cleavage, or the range within
which the éﬁergy absorption shows a marked decrease, This is the range
of uncertainty as to the temperature below which ductile behaviour is not
assured. Second, a single valué of transition temperature, instead of
range, was determined by selecting a temperature at which either the
energy value to maximum load or percent of shear in the fracture is midway
between their respective maximum and minimum vaTues. In a number of in-
stances the single value fails outside of the trangifipn tempe;ature
range-(see Tables 4 and 5).

Figure II-1 of Appendix II is typical of the test results of
the entire program, where the energy E1l fo maximum load is not signifi-
cantly different in the fully duétile or the fully cleavage modes of
failure. Only several exceptions to this statement have been noted. (It
is to be recalled that in previous wide plate tests*s2 where jeweler's
hack~saw cut notches were used, there was a definite transition in energy
to maximum load.) As a consequence, the erergy to maximum ioad cannot be
used here to obtain a transitisn temperature except in a few cases shown
in Tables 4 and 5. E2 and ER-F1l diagrams (Appendix 1I) do show an
abrupt drop in energy levels in the traﬁsition zone and a transition tem-

perature can be obtained by using either of them, However, in this program
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TABLE &

TRANSITION TEMPERATU?ES

T-l STEEL

[
Vhar

Transition Temperature Range © F

[

All Blocks-‘

..8ingle Point

Plate  Aspect Block Based on energy Based on appear- Transition
Thick- Ratio - No.  to max, load -ance ‘of - fracture ° Comblned, . Temp. OF.
ness as defined by %  based on = based on
~_of shear' - " appearanté appearance
In - Y 71 - Ihdeterminate’ =20 to zZero
o II " ~40 to =30 _
CIr” St ~35 to ~25 ~20 t& rersi s <10
W el IV K] " _1"'0 '.t,O —30 .
.8 . II _ Indeterminate  -l10 to zero . =10 to zero ~10
. I zero to 20 zero to 410
I Indeterminate 410 to 420 TR Tt
I1T zero to +10 zero to 410 - +10 to 20 -2
IV °  Indeterminate ~10 to zero - R
R R Insufficient Data
i ~20 to =10 =20 to -10 -10 to zero -8
“TIII° 7 -10 to zero =10 to zero o o
3/40 A II Indeterminate  ~20 to zero -20 to zero 23"
h 8 II.' JIndeterminate zero to 410 zero to +10 ZEro
12 1T zero to $10 - “zero to $10 zero to 410 + 5
16 I Indeterminate =20 to ~10°
16 II oon +30 to 40 +30 to 40 +15
v 4L X Indeterminate $10 to 420 410 to 420 +13
8 II L +10 to $20 10 to 420 +13
12 %V 430 to +40 +30 to 40 +3C to +40 +28
1 L T Tndeterminate 140 to $50
11 L ¥40 to 50 $50 to 60 il
11T " +50 to +60
1T " $+50 to +60 50 to 60 $50
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TABLE 5

TRANSITION TEMPERATURES

T-2 and T-2R STERELS

Single Point

Plate Aspect ' Transition Temperature Range SF Transition Temb.
Thick— Ratio pased on Energy Based on appearance °F based on ap-
ness " to max. load of fracture as. pearance as de=
defined by % of shear fined by % of
shear
T-2 STEEL

3/L Iy "Indeterminate ~20 to =10 -17

g8 " ' -10 to - 5 -18

12 I -10 to zero ' =5

16 0w T+ 410 to 420 2

IR 4 n - o ~10 to zero ; -7

6 " , +10 to +20 | _ +10

8 ‘ " +30 to #40 133

12 zero Lo +20 zero to {20 +13

15" A Indeterminate +30 to 40 130

6 " ' +60 to +75 , +68

T~2R-STEEL
3/4" L (Insufficient Data)
6 (Insuff i cient Data)
16 Indeterminate ‘ 340 to 350 138

20 " ‘ 135 to 50 38
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thege latter two diagrams wil} not dete;mingztransition temperature any
1yéﬁf§r.than the percentage of shear diagrams. For this reason.the. appear-.
,,aﬁéq,qf{the fractﬁfe (as defined by the percéﬁtégégof_éﬁéé?) héénﬁéen”ﬁ;éd,
o deternine tranoition temperaturo ange and single values of the trans-
ition temperature. Transition temperature results so found are shown in
Table 4 for T-1 steel gnd .in Tgble 5 for T-2 and T-2R.steels.

In Teble 4 relating to the T-1 steel, note that the transition
temperatures have been given for the various thicknesses, aspect ratios
and blocks indicating position within the plate, as indicated on the plate
layout figures. The transition temperature was indeterminate by a con-
sideration of energy;fngaximum load in all except éix instances. The
t;ahsition temperaturévéid not vary significantly from block to glock for
tﬁevl/Z" thick plate or for the 3/4" thick plate except that the transe
ifién temperature was qui%e different in blocks I and II for the Aspect
Ratio 16. lio reasons have been formulated to explain this exception.
1t was thought best to incorporate all of tﬁe data from the various blocks
and determine the overall transition temperaturs for each thickness from
these composite results. Table 4’ supmarizes the transition temperature
ranges and the single values of transition femperature where both are
based on the appesrance of the fracture.

Figure 17 is a plot of the single values of transition tempera=-
ture for T=l steel against aspect ratio for the four plate thicknesses
involved, 1t will be noted that transition temperature for any given
(AR) is affected by a change in thickness with the thicker plates {with

one exception at AR 4 for the 3/4" thick plate) showing the higher transie
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tion temperatures., _Forla,given thickness of plate the transition tempera-
tures also generally increase with an increase in the aspect ratio..

FiggrellS represents a repetitiop gf Figure 17 with a second
parameter, the width of the tegt specimens, added. In order to complete
this diagram, an extrapolation of the test results in 13" thickness was
nade to widths of 4 and 10 inches. With the two parameters, thickness
and width of specimen shown together, it is clearly indicated that as
Wiqth is inéreased, for a given thickness, the Fransitiqn temperatures
also increase. This increase in transition temperature due to width
can only be accounted for by a modifying of the strain ponditions at the

;éotch since metallurgical effects may be assumed to remain constant for
é particular plate thickness.

Due to a combination of metallurgical and geqmetriqal cauges,
transition temperature rises with increasing platg_@hick;ess. Also, in-
creased thickness causes a decrease in the average stress at maximum load
for geometrically similar-speciEEHSwliPerhaps thege two facts may be
coupled together by referring the degree of localization of stress or
strain at the notch to thickness.

When the transition temperatures are plotted on widtﬁ,1;§'in
Figure 19, rather than on width divided by thickness, éhe curves for the
different thicknesses, éithoﬁgh‘hét‘fééérsing in order aé the& were in
plotting unit energy valies, are seen to rise less steeply and appear to
be more nearly parallel. This might bé considered to indicate that the
geometrical effect of width had “in this way been more completely elimina-

“ted than in Figure 17.” Residual differendes between different thicknesses
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on the energy scale would then be' attributed to"non-geometrical'(metailur-
gleal) causes, "

The limited results-of tests oh TR %t&6l {(Figure 20) exhibit
the same trends previously noted for T-1'stéel.’ The.transition tempera-
ture for t = 3/4" is about 10° lower than for T=l'§teel, Here, this
difference may certainly be attributed to metallurgy alone, The 1% and
13" thicknesses, however, have a transition temperature of about the
same as for T-1'steel, Insufficient tests-prevent any'géneral conelusion
or firm comparisohs.

Limited tests on T=2R steel indicate that the transition temperw
‘ature of the re=rolled 3/4" thick plates are about 40° higher than for
T=2 steel. (See Figure 20). It is evident 'that metallurgiéal changes
-took place which ineréased the notchesensitivity of the T-2 steel. (See
grain size clagsifications under section eftitled™Materials").

)t T . L e T &,

o CORﬁELATION WITﬂ TESTS BY OT§§§§ o
The Unlver51ty of Callfornla(z) has reported on wide plate
teats for steel plates of 34" thlckness in w1dths varying from 12 to
108", or interpreted in terms of aspect ratlo, testv were made with AR
varyiné from 16 to 124. Although only a few tests were made in the
greater widths, the“e is an indlcatlcn that the transition temperature

P

rogse as the width of the plate Was 1ncreased With a trend towerd cone

]

stant transition temperatures at great Widths. This is in keeping with

the trend found in thls investzgation. It can be 1nferred from the test

of the 1/2" and the 3/4“ thick plates of thls 1nvestigation that plate
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widths of around 12" are nearly wide enough to establish a -value for
transition temperatures of internally notched specimens of great wildth.
The University of Caiifornia(g} reported investigations made
on geometriéally‘similar specimens. The specimens reported were edge
notched, with the thickness varying from 1/2% to 1 1/8". The thickness
was the as rolled plate thickress in each instance. Since the width of
the 1/2" thick specimen was-only 2", it may be seen that the aspect ratio
‘was in the lower range, whereas the tests reported heréin cover aspect
ratios up to and including 20, However, the trend in transition tempera=
'furevshéﬁn'Ey;ﬁhe California tests, namely, that transition température
may be expected to increase with plate thickness, confirms +the results
of this Investigation. Other California(z) tests using 3" wide edge
notched specimens with thidkneséivarying from 1/2" to 1 1/8", all machined
from 1 1/8" thick plates, show that with constant width and varying thick=
ness the trangitidn temperature is generally lower for the thinner plates,
The same type of specimen using plates of Mar rolled" thicknesses showed
more or less the same trend with the exception that the transition tem=-
peratures are lower than for the specimens machined from a single plate.
Professor E. R, Parker has reported(3) on work performed at the
University of Caliﬁo;nig_concerning the action of geometrically simlilar
speqigens which.we;e\all_machined from en amnealed plate originally pral
thick. The specimens were 3", 6", and 12" wide and 3/16", 3/8" and 3/4"
thick. The stress raiser ﬁas a square hole in the center of the plate
with its sides at 45 degrees to the longitudinal axis of the plate. The

radii at the corners of the square hole were made proportional to plate
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thickness. Professor Parker points out thét geometrieally similar.
"notched specimens exhitdt a merked size effect, This statemént was
" fade with the assumption that the specimens were metallurgically
‘similar, and that the size effects must be due to geometry. Not enough
_ evidence ls pfesented to permit a study of the trends and transition
temperature. 'Professor Parker contends that geometric simllarity is
destroyed before the maximum load is reached. This is a contention
which our investigation supports, since it is felt that after the crack
at the noteh has become visible, the notch acuity is essentially the
same in all specimens and that the original dimensional similarity is

destroyed.

CONCLUSTONS

The tentative conclusions permitted on the bﬁsis éf test

. resqlts of internally-notched specimens are aé_followsz

-i. With plétes rolled from ﬁhe same heat the thiék plates shift frpm
_shear to cleavage frachre at a higher témperaturg than thipner plates.

2a T‘ran-s;ltit-:»n tempe'ra-,tures; as judged by appearance of the fractu::;e,

for plates of constant thickness (metaliurgy conétant) increage as

width increases, tgnding té become uniqum for large widths.

;,3. Thehaverage uniﬁ stress at maximuﬁlléad 9% geometr;calxy gimilar

notched plates indicates thgt thicker plates ﬁill withstand a

smaller stress intensity than thinner_péatés. ?he average unit stress

at maximum 1§ad for plates of Qgpél_ﬁid?h but of different thick-

nesses tends toward the same value regardless of thickness.
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Unit energy absorptlon to meximum load for specimens failing in 100%
shear decreases with increased thickﬁeés for dimensionally similar
specimens; for plates of equal width but of different thickness the
thicker plates have a unit energy absorption greater than thinner
plates.

Dimensional similarity of specimens defined by equal aspect ratios
-does not establish geometrie similarity of strain patterns when judged
by unit emergy absorption for specimens failing in 100% shear.
Differences in unit energy and transition temperature in plates of
different thickness.due to nonwgeometrical (metallurgical) causes

are not completely segregated in comparisons made at equal aspect
ratio. It now appesrs that iristead of aspect ratio (g ot—l)’ another
funetion such as (W'.thﬂ}, where L H:EO,‘maj Sérvé'bettef for segre-~

gating the geometric from the metallurgical effecéts.

BIBLICGRAPHY

S, T. Carpenter, W. P. Roop, li. Barr, E. Kasten & A, Zell,
Swarthmore College, "Progress Report on Twelve-Inch Flat Plate
Tests", Serial No. S3C-21, April 15, 1949 to the Bureau of
Ships, U. S. Nawvy,

H, E. Davis, G. E, Troxell, E. R. Farker, 4, Boodberg, il. P.
O'Brien, Universlty of California, "Final Report on Causes of
Cleavage Fracture in Ship Plate, Flat Plate Tests and Additional
Tests on Large Tubes", Serial No. S$SC-2, Jaruary 17, 1947, to
Bureau of Ships, U. S. Navy.

E. Rs Parker, "The Effect of Section Size on the Fracture
Strength of Hild Steel™ in "Fracturing of Hetals™, p. &2,
American Society of Metals, 1948.



: _.24 )
" ACKNOWLEDGIEITS

The investigation herein reported has been under the direct

supervision.of S..T. Carpenter. Captain W. P. Roop, .USN (Retired) has

been a constant adviser and collsborator. The testing has been done

under the supervision of A, W, Zell and E, Kasten,

Theodore Bartholomew, Eugene Urban and Lawrernce Robbins
prepared all specimens and assisted in testing. Drawings of the report
.were made by John Calvin, Roy Bosshardt and Henry Rugger.- Mrs. Ruth
.Sommer has performed all stenographic dutiss. -

The. investigators are deeply indebted to Dr.s Finn Jonassen,

. Project Coordinator, and Dr. William Baldwin, Chairman of the Ship-
Structure Advisory Committee, and to the mémbers‘of-the Comnittee, for

much helpful advice,



25

GAGE LENGTH
3
-V%—————ﬁ
N |

X
[ A
_______ TI ]
&DRI L. HOLES
Wk
—— W

ASPECT RATIO =‘,’C—V-

“é',_ 32
3 3"
4 . 64

" I"
| U T

lll 3“
lz 33

DRILL HOLES

. ENLARGED
VIEW

FIG. |

TYPICAL SPECIMEN

SWARTHMORE COLLEGE
9-6—-49



P AT
5 -l _ E-13 [ c7
F-t -2 F-[3 5
22|
Al
c-18
E-2 | ca F-3 E-3 E15 oy F-1a
A2
F-4 F-5 E-4 F-15 F-16
] s BT e B2 oo
5 | E-s ca cz20| E-18 c-23
A5 S e AZZ €22 53
oz | BeE5
- _ ~ E-20 E-2i c-28
F-7 F-8 F-g 25
A-9 10
7 |ce]| e-s S 17 F-18
BT sl
13 -29
F-to E-I0 - E-23
i F-1s c-20
A3 B-1% .
-1 | s F-12 c-16 E-25 | ca F-20
o) [ Aied 1 L=
- -
(- 0" ] 9%
~— DIRECTION OF ROLLING —»
.
A-2Zus
i STEEL T-I
G- X8
E- &% 12"
L
F- 95x 18

FIG. 2

'12' PLATE LAYOUT T-I
SWARTHMORE COLLEGE
9-7-43

SEALE- 0.5 = 8"

[ ] ’ ‘
E-1 E-2 E-3 1 E-13 E-14 E-i5 E-l8
c—4—| i
G- G-2 b1 G-5 G-8
, -1 17 |
E-4 E-5 E-& o E-17. | e |12 &7
G-3 x -7
c9 |cie | c-n - - -
| | | es c20|c-21 fore
E-10 E-H = E-20 | E-2I
i i3] cra [cis ;

L\ 62~ ’ L‘* 515

~—— DIRECTION OF ROLLING —>

.. STEEL T~
c- dxe

E- gx12

G- nfx24

FIG. 4

{"PLATE LAYOUT T-I
SWARTHMORE COLLEGE
9-6-49

SCALE- 0.5'= 87

" 40 [ S—
. G2 H-| G-% H-3 H-4 —
B-2 B-6 |B-7 |B-8
T T
] B 85
B-l e-3 b2
6-2 o G-4 ot | D3 G-7 D-4| D-5 [n-e
(1577 c-8
H-5 H-6 o-2 o G-8 He W2
= [os | T =
G-1o o7 o-8 | D-3 D-1o b-13 G-l G-12 2.‘!
B-9 {B-il | B-i2 D2
‘ B-14 B-t&
w1 | G-13 G-14 i T oo18 H-13 | H-14
m -
o161 220 b
G-1B H15 G-17 G-18 D20 I-2 H
B-20 b-i7 "g—37| D-19 _IIL
B- 3'xa" ««——DIRECTION OF ROLLING —
- 8 a"
Do oxs STEEL T-I
H- o' (2
G- 1&xa4"
I~ 15'x 24"
FiG. 3

SCALE— 0.5 8"

L
% PLATE LAYOUT T-!
EWARTHIMORE COLLEGE

9-T-49
'y
G-1 G-g
T
D-i
G-3 G-20
D-2
D7
G-4 G-21
o-8
o =
[
~
G-5 G-22 J
H
77
L
7
7
g
G-A
D- ex8"
- f W -“—— DIRECTION OF ROLLING —»
G- 12'x 24

SCALE — 0.5 = 8"

STEEL T-I

FIG 5

n
1L PLATE LAYOUT T-I
SWARTHMORE COLLEGE
9-7-49

- 92 ~



g
XG-1 XG~ 5 X610 ¥ XG—15
a1
xB-2
Xe-2 x0-2
XG-2 XG-6 *G-11 %53
*H-3  [XB-4
-3
! - -
| XG- 3 G- 7 XG-12 *H-4  [¥B-5
. XB-8
o
' HD-4
HH-5
G4 -8 -
® G G- 13 =7
*E-8
H-8
®G-13 " s
NG XG-14 B
®H-7 |[xB-10
D~
SPARE *) *,
FOR CHARMPY TEST SPARE "2 SPARE ™2
LEGEHN D CIRECTION GF ROLLING
x6-Fd % 12" % 24" FIG. &
v .
XH-Z4 x 9 x 12 a?
xpFs"x 8" x 12" = PLATE LAYOUT
xB3"x 3 x 12" STEEL T-2
SWARTHMORE COLLEGE
8-29-50
. .
o5
—
XH- ¥H-2 Xp-r
Xo-2
XH-3 AH-4
KO- 3
7 7 7 SECTION-2
N
REACLLED To¥s THICKMESS
‘0
o1
L -]
SECTiOH-1
w
REROLLED T0 ¥ THICKNESS
XH-8 *0-4 P
2-12%24
XD-8
*H-8
XO-8
TO ALK,
DIRECTION OF AOLLING
LEGEND
Ap-gx1z FIG.8a
XH-9"%.24 )

%xG-I"x 12"% 24"
xp-1"x 6"x 12"
XE-{x 8" x 127
xc- " 4"x 8"
XI- "x15"% 30"

1% PLATE LavouT

SWARTHMORE COLLEGE

STEELT-2

-5 x 24 20

SCALE: 3 =1-0"

150"
G- XG-4 XT-1 XI-5
XE-T XE~2
nG-2
%D-5 XD-6 XI-2 AI-6
xo-l | 2 | ye-r [ne-a [ xce
=? we-i [ wc2 | wca s et
w | %4 jucs | xcos XT-3 X7
¥D-3 | D4 xc—|o|xc—|||)nc-|z
¥D-7 ND~8
xG-13
XE-5 ¥E-8 KI-4 XI-8&
wG-3 XG-5
SPARE SPARE
1 77
DIRECTION OF ROLLING
LEGEND
FIG. 7
I"PLATE LAYOUT
STEEL T-2
SWARTHMORE COLLESE
8-28-50
16-¢"
T
G G I
G
B e B IB
‘o
“-It G G G I
B [e B [e c 3
[ 3
G G < 3 T
RE ~ROLLED
STEEL T-2ZR
LEGENDT L a FIG. BB
B-3 x 12 4 3,7
c-ax 12 s % PLATE LAYOUT
. i FOR RE-RCOLLED T-2 STEEL
G-12"x 24" s

SWARTHMORE COLLEGE
g9-12-50

-4~



Aapect

Batig

4

THICKNESS AND WIDTH THICKNESS AND WIDTH
120 374" 1 13 1in Aspect 130 3" 1im i
Ratio
an 3 L 5n L an 3n 5N &
-— — — [——} — 4 — — — = —
4,5t &n gn 4,50 & g
—— n— 6 —_— —— ——
I &N g 10 12n 4 B :L] 10m 12m
— —————— ——— 8 — [ e—] | —
&n gn 12 157 18" 3 9 a2 s 18
— L 1 [ 12 [— T —
] 15
an 130 16" 2pn 24n g 1ar 164 200 24r
T ] [ 3 r ] 16 | — - B ] [ — T ]
#a, o 15n 20" asn 301 20 10" 15" 20" 251 20m
STEEL T-! STEEL T-2
Indisates specimens tasted — Indicates specimens tested
Aspect Ratic 19 FiG. 9 FIG. IC
ASPECT RATIO PROGRAM T-I ASPECT RATIC PROGRAM T-2
SWARTHMORE COLLEGE SWARTHMORE COLLEGE
THICKNESS AND WIDTH
hspect
Rabie /20 LY 1n 13 13
21 3r| :.ﬂ jll 6"
4 — om— — — ——
55" 6! "
L] — ———
4 I g 100 19n
8 —— T T L ] L ul P—
I qn 1an 15" .
12 L =] [ 1 | 1 L —  —
15 =]
g Jzn 161 200 PG
8:1 ——— T -} = + s 1
hiy 15" 200 25"
20 ———— 1 [ i R = |
STEEL T-2R
[ ] Indicates speclmens tested
FIG. 1l

ASPECT RATIO PROGRAM T-2R
SWARTHMORE GOLLEGE

- 82 -



-29 -

‘70000

)

0 4 '.___—___‘"““-—-—-?L______
O 60000,
] " _-_‘__‘-——q
y l I J n -_‘__—‘_-_\_-‘ %
w
& T
€ 50000
e
z
=
w
0 40000
4
o
w A
z ’L
old
T4 a 12 16

AVERAGE UNIT STRESS - KSlI

ASPECT RATI!O

FIG. 12 VARIATION IN UNIT STRESS AT MAXIMUM LOAD
FOR VARIABLE THICKNESS AND ASPECT RATIO,
T-1 STEEL, 100 % SHEAR FAILURES.
SWARTHMORE COLLEGE
70
60
50
ZJ::
0 2 4 6 8 10 12
WIDTH-INCHES
FIG.13 VARIATION IN UNIT STRESS AT MAXIMUM LOAD

FOR VARYING WIDTH AND THICKNESS, T-1 STEEL,
100 % SHEAR FAILURES

SWARTHMORE COLLEGE

20



4000

INCH

UNIT ENERGY~ IN.LBS. PER CU

UNIT STRAIN ENERGY- IN-LBS. PER CU. IN,

4000

3000

-0 -

B 1 \\
~t=1z"
\2\\§\
1]
r— | '\
" I
1000
H
0 F—1 6 8 10 Iz 14 16 8 20
ASPECT RATIO
FIG. 14 AVERAGE UNIT STRAIN ENERGY TO MAXIMUM LOAD FOR

VARYING ASPECT RATIO AND THICKNESS, T-I STEEL,
100% SHEAR FAILURES

SWARTHMORE COLLEGE

3000

2000

1000/

=]

/"_-‘__“" X
r{ o
_____-_________-—-‘
Wee |
— _____.-Ar-""'-’-..-.’_ X
w=a" /___’,_____—-0
’__________.————‘
Xt sor | =T "x"INDICATES ESTIMATED VALUE
*»
¢
[ | 3 1 1l
I % I tl 1
THICKNESS
FIG. 15 AVERAGE UNIT ENERGY TO MAXIMUM LCAD. VARIATION FOR

T-1 STEEL WITH VARYING THICKNESS AND WIDTH, 100 %
SHEAR FAILURES.

SWARTHMORE COLLEGE



+60

+ 40

o
y F

RE
-+
]
o

TEMPERATU

-20

~40

._31_

Z 4000 \
=
m \
8 1'.=3/4"
EJ 3000 A 1
- t=‘/"\ B t=1%"
@ | \\\\
. ]
ﬁ \L\k p=y
T 2000 \\%RHA
o I—"
&
pd
M)
. 1000
z
=
[0} 2 4 6 a 10 12
WIDTH - INCHES
FIG. 16 AVERAGE UNIT STRAIN ENERGY TO MAXIMUM LOAD
FOR VARYING WIDTH AND THICKNESS, T-1 STEEL,
100% SHEAR FAILURES
SWARTHMORE COLLEGE
tz] oA
:
A
t=l / /)
;2‘:——-”"‘/
’t-l/"-'_._.________—-———"—_—.__‘.\
"] --N-_-‘
&
i
) 3 8 i2 16 20
ASPECT RATIO
FIG. 17 TRANSITION TEMPERATURE FOR T-i STEEL

WITH VARYING ASPECT RATIO & THICKNESS

SWARTHMORE COLLEGE



-32-

+60
\/\\ /<
LR
. NN N,
+40 el N hN N
\ N\ \\/,, NO%
\ \ *
N @ .
L. \ \ \‘z_\ N\ \\ N |
e \z \ Ve N \ ~— W
o \“ A N \ ~ = - Ia"
420 :’ \ G, = N b I
5 ~
'_. — T " ey
< p h il S Ik -\-_:3/A >
El \ ™~ 1““"-. . e
- ~ _){i
w ©O \ ~d T e
- \ "‘“‘---.._____‘______ n
\ I | ]
A
-20 / _
L
~40 '| !
a 4 6 8 12 16 20

ASPECT RATIO

FIG.18 TRANSITION TEMPERATURES FOR T-1 STEEL, SHOWING
EFFECT OF ASPECT RATIO, THICKNESS AND WIDTH OF

SPECIMEN.

SWARTHMORE GCOLLEGE

EN.1V)
7
m’/t=|/g"
+40
= /5
0
n:+20
:: r=r /
b e =%
o
= 0 el
Ll
r /'IIII”A\
t=
-20 e//
-40
0 2 4 6 8 10 12

WIDTH - INCHES

FIG.I9 TRANSITION TEMPERATURE FOR T~I STEEL

WITH VARYING WIDTH AND THICKNESS

SWARTHMORE COLLEGE



-33-

39237702 JHOWHLHYMS

'SSANMOIHL ANV Ollvd 123dSV ONIAYHVA HLIM
ST1331Ss d2-1 ANV 2-1 dH0d S3IHdNLVHIdWNIL NOILISNVYHL o2 2ld
Oll¥d L1D23dSV

1lVy3dN3Ll

4 34N

-0

ocZ gl A e 4 Lo
| —or-
oc-
:.v\m.w\
XIF
\\
o 0
// oc+
Y, . 4
e
e— ——'——— 9
W_Nln_l O.v._.
R\ g9+




- 34 -

APPENDIX I

TABLES OF BASIC DATA



TABLE I-1

aspect Ratio 4

Code: T-1 Specimen Sigerl/am x gn
Block Spec. Temp., To Visible Urack To Maximum Load To Fracture Energy % Internal
No. Ho. Deg Energy E load FEnergy El  Load Energy E2 Load Difference Shear Noteh
F in.1bs, 1bs. in,lbs. 1bs. in.lbs. 1bs, E2 - F1 W
in.lbs, I
Aculty
I A=3 0 2,740 46,500 6,400 52,000 14,300 14,000 75500 100 1/32" notch
" A-2 =10 3,000 47,200 6,500 53,800 75350 53,600 850 4] "
" 32 -10 3,200 47,500 6,750 52,900 14,700 17,000 75950 100 n
n A=l -18 35200 48,300 6,500 53,300 8,500 50,000 2,000 8 u
n A=l =20 35250 L7300 6,350 53,600 11,600 41,000 55250 30 n
" A-31 =20 3,500 49,000 6,300 53,200 6,300 53,200 0 0 "
" A-LT -20 2,700 46,500 6,350 53,000 13,800 17,000 73450 100 "
" A-18 -6 3,850 13,200 7,850 54,000 7,850 54,000 0 0 "
II A=5 o} 1,690 42,200 6,060 51,600 13,370 13,000 7,310 100 "
" A=22 =25 1,990 42,800 6,800 53,200 14,200 15,000 72400 100 "
" A=b -32 1,760 42,800 6,760 53,700 13,680 13,000 65920 100 n
" A-23 =35 2,100 42,000 7,250 53,500 75250 53,300 0 0 "
" A=24 =40 1,850 42,600 7,350 54,400 75350 54,400 0 0 "
" AT =52 1,960 42,500 6,870 54,700 6,870 545700 0 0 "
TABLE I-la
aspect Ratio 4 Continued
Code: T-1 Specimen Size:l/2m x 2"
Block Spec. Temp. Tp ¥isible Crack To Maximum Load To Fracture Energy % Internal
No. No, Deg. Energy E Load Energy E1  Load Energy E2  Load Difference  Shear Notch
F in.lbs. lbs. in,lbs, ibs. in.lbs, lbs. E2 - F1 W
in.lbs, [N
Acuity
III A=G 0 1,300 43,200 6,350 53,900 12,300 13,000 5,950 100 1/32" hole
n h=25 =25 2,400 44,900 74300 54,5500 15,100 13,000 72800 100 "
h 4£-10 -35 1,950 43,500 ¥3500 55,000 14,400 16,000 6,900 100 "
n A-11 =35 2,100 Lty 500 6,200 53,500 6,200 53,500 0 0 "
" A~26 =50 2,500 14,100 6,800 54,100 6,800 54,100 0 0 n
1t A-12 =40 2,200 44,200 6,200 54,400 6,200 54,400 Q 0 n
IV 413 0 2,800 45,500 5,850 51,800 14,300 12,C00 8,450 100 1
" A~14 -20 35350 47,500 7,200 53,100 16,950 13,000 3,750 100
n #-15 ~20 3,350 47,300 6,600 52,5800 15,400 17,000 8,800 100 n
" A=16 =32 34600 48,800 64700 53,800 15,300 17,000 8,600 100 u
n 4£-30 =42 4,000 48,300 6,700 53,200 6,700 53,200 ¢] o "
" A-33 =35 3,000 L6500 7:400 54,200 16,500 16,000 9,100 100 "
" A-29 =50 35200 47,300 6,000 54,000 6,000 54,000 ¢] 0 n
n A=24y b4 2,800 48,200 72500 54,000 8,000 53,700 500 0 u

-G -
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TABLE I-2

Aspect Ratio 8

Code: T-1 Speeimen Silze: 1/2" x A
Block Spec., Temp., To Visible Crack To Maximum Load To Fracture Energy % Internal
No., No. Deg. Energy B Load Energy BE1  Load Energy E2 Load Difference Shear Notech
F in,1bs. 1lbs. in,1bs. 1bs, in,1bs, 1bs. E2 - E1 W
in.lbs. L
Aculty
I C-3 9] Ls250 76,500 13,750 95,200 13,750 o] 0 1/32" hole
1T c-8 2 3,750 72,500 14,500 93,700 37,000 16,000 22,500 100 "
" c-6 0 3,500 73,700 16,250 94,800 40,000 25,000 23,750 100 n
" G=20 0 3,370 73,900 15,000 94,5800 40,500 20,000 25,500 100 "
" c-23 -10 3,750 73,700 17,000 95,000 40,700 16,000 23,700 100 "
" C=5 -10 3,500 71,600 15,000 95,500 15,000 95,500 o] 0 "
n Cc-7 ~20 3,750 74,400 18,100 97,700 28,250 83,000 10,150 25 "
TABLE I-3
Aspect Ratio 16
Code: T-1 Specimen Size:l/gwx g
Flock Spec. Temp. To Visible Crack To Maximum Load To Fracture Energy 4 Internal
No. No. Deg. Fnergy E Load Inergy E1  Load Erergy E2  Load Difference Shear Noteh
F in.lbs. lbs. in,lbs. 1bs. in.lbs. 1bs, B2 - HI il
in,lbs. L
Acuity
I E-13 +10 11,000 136,500 45,000 168,300 117,000 20,000 72,000 100 1/32" hole
" E-14 0 11,500 140,300 50,000 173,100 125,000 26,000 75,000 100 "
" E-27 0 95500 132,500 32,500 172,000 32,500 172,000 0 0 "
" 3 0 12,000 143,600 46,500 177,000 119,000 15,000 72,500 100 "
" B, =10 10,000 140,000 44,000 177,400 118,000 22,000 74,000 100 "
n E-16 =10 9,000 136,800 20,000 160,500 20,000 160,500 0 0 n
" E-2 =20 10,000 139,200 33,500 173,000 33,500 173,000 0 0 n
& E-15 -2 10,000 140,600 33,250 175,200 33,250 175,200 0 0 "
I1 E-17 L0 6,800 132,300 39,400 172,500 112,300 20,000 72,900 100 n
" E~29 30 75000 133,300 43,300 172,500 101,200 15,000 575900 100 "
" E-28 20 10,000 139,200 43,000 173,900 108,000 20,000 65,000 100 "
" -5 10 75500 133,000 27,100 166,500 27,100 166,500 0 0 "
" E-19 10 2,500 132,800 31,000 169,000 31,000 169,000 0 Q "
n jory 0 6,600 133,300 50,900 172,800 64,700 170,000 13,800 16 "
4 E-6 0 6,300 122,800 54,000 177,700 103,000 94,000 49,000 35 n
" E-13 =30 6,500 139,500 22,000 170,500 28,000 170,500 0 0 "



TABLE I-3a

Aspeat Hatio 16 Continued

Code: T-1 Specirmen Size:l/2rx ar
Bleck Spec. Temp. To Wisible Crack To Maximum Loac To Fracture
. 3 VLE UL [ E ?ﬂ' . ;
Ko. lo. Deg. @nergy E  Load Enerpy E1l  Load Energy E2  Load Difgzigce Shear IH;EEE:;:L
F in.1lbs, lbs, in,lbs. lhs. in.lbs, 1bs, 2 - E1 I
in.lbs. -’:
Acuity
111 E-7 30 9,206 135,300 43,000 172,900 101,000 20,000 )
- 58,000 100 "
”. E—f} 10 7,500 133,800 43,000 176,300 mgiooo 60:900 661000 100 1/32“ hole
| ;—8 0 75500 134,200 48,500 175,400 113,500 17,700 65,000 100 n
. E-21 0 7,000 133,700 37,500 173,500 37,500 173,500 0 0 n
. E-20  -10 8,500 136,800 36,500 174,500 36,500 174,500 0 0 n
E-30 -10 6,000 134,000 20,500 160,000 20,500 160,000 0 0 n
Iv E-10 0] 11,500 140,500 46,500 175,600 116,500 2
s 5,000 70,000 100 "
: E-12 -10 10,500 135,700 33,000 167,500 33,000 167:500 6 0 "
" E-23 -10 8,000 135,000 41,000 176,000 41,000 176,000 o] 2] "
. E-11 =20 1,000 138,500 52,500 172,600 80,000 130,500 27,500 45 "
. E-25 ~20 75500 135,000 48,000 176,700 126,500 29,000 78,500 160 "
. E-26 =25 5,500 135,000 29,500 166,700 29,500 166,700 o] o] n
E-32 =35 T3500 135,000 27,500 167,000 27,500 167,000 8] 0 n
TABLE I-k
Aspect Ratio 19
Code: T-1 Specimen Size: 1/2" x 9.5"
Block  Spec. Temp. To Visible Crack To Maximum Load To Fracture Energy % Internal
No. No. Deg Energy E Load Energy El  Load Energy E2  Load Dif ference  Shear Noteh
53
F in.lbs, 1lbs. in.bs,. 1bs. in.lbs, 1bs, B2 - E1 W
in.lbs. L
Aculty
I F-1 10 9,500 153,000 67,000 201,000 159,000 30,000 92,000 100 1/32" hole
II F-6 20 8,500 154,800 64,000 203,500 155,000 30,000 91,000 100 "
" F-iy 0 7,500 154,000 70,450 206,300 160,000 25,000 79,550 100 "
" F-22 -10 5,000 154,500 61,000 205,000 152,000 21,000 91,000 100 u
" F=5 =20 9,500 160,200 32,250 194,700 32,250 194,700 ¢] Q "
III  F-Y ¢] 8,000 160,000 62,500 206,500 156,000 14,000 93,500 100 n
" F-9 0 9,500 159,700 55,000 207,000 148,000 30,000 93,000 100 "
" F=17 =10 9,500 163,600 29,000 195,000 29,000 195,000 0 0 *
" F-18 -10 G,000 162,800 61,000 208,000 75,000 205,000 14,000 10 n
n F-23 =20 6,000 162,000 46,000 207,500 46,000 207,500 Q o "
" r-8 =60 4,000 1745500 28,000 197,000 28,000 197,000 0 o] "

- LE -



TABLE I-5
Aspect, Ratio 4

Code: T-1 Specimen Size: 3/4" x 3M
Block  Spec. Tenip, To Visible Crack To llaximmum Load To Fracture Energy 4 Internal
No. Ko, Deg., Energr % Load Energy E1 Load FEnergy E2 Ioad Difference Shear Notch
F in.lbs, ibs. 1in.lbs. lbs. 1in.lbs. lbs. E2 - E1 n
in.lbs, 4
Acuity
I1 B-15 4] 54500 88,000 18,650 110,300 42,500 27,000 23,850 100 LOK6" Hole
B-16 =20 6,250 90,300 18,650 112,200 44,000 30,000 25,350 160 "
B-4 =20 6,000 92,100 193,400 113,000 39,000 23,000 19,600 100 1
B-10 =20 6,075 92,300 18,300 118,600 19,470 113,400 1,170 0 "
" B-12 =20 5,125 89,5600 17,500 112,900 42,500 27,000 25,000 100 "
B-14 -30 6,250 83,800 21,300 114,500 21,300 114,500 4] 0 "
B-1 ~30 444,00 87,700 17,250 114,500 17,250 114,500 4] o "
B9 ~30 55525 90,000 18,750 113,900 23,150 111,000 4,400 10 "
" B-11 =40 6,000 94,000 19,425 114,300 20,500 114,000 1,075 8] "
TABLE I1-6
Aspect Ratio 8
Codes T-1 Specimen Size: 3/4" x 6"
Block Spec. Temp. To Visible Crack To Maximum Load To Fracture Energy % Internal
No. No. Deg. Energy b Load Energy E1 Load Fnergy B2  Load Difference  Shear Notch
F in.lbs, 1bs, in,lbs. 1lbs, in.1lbs. 1bs, E2 - El1 W
in.lbs. 4
Acuity
1T 10 10 17,500 165,000 54,000 200,000 118,000 40,000 64,000 100 LOL6" Hole
1z o] 18,000 165,300 44,000 195,500 544,000 195,500 0 0 u
1 0] 18,000 168,800 47,500 202,400 119,000 15,000 71,500 100 4
11 =10 19,000 167,000 38,000 196,000 38,000 195,000 o 0] "
n 7 -10 18,000 167,800 50,000 202,900 124,000 33,500 74,000 100 u
i3 =20 17,760 168,500 A8,L00 202,500 122,000 35,000 73,600 100 !
8 -20 18,000 169,300 46,000 202,200 116,000 37,000 70,000 100 "
3 -30 15,000 168,500 LO,000 205,000 40,000 205,000 0 o] n
" 9 =40 19,300 175,800 138,600 205,900 38,5600 205,900 0 0 1
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ZABIE  I-7

Aspect Ratic 12

Code: T-1 Specimen Size: 3/4" x 91
Block  Spec. Temp, To Visible Crack To Maximum Load To Fracture Energy 4 Internal
No. Ho., Deg., Energy E Load Energy E1  Load Frnergy E2 Load Difference Shear Hoteh
F in.1lbs,. lbs, in.lbs, 1bs, in,lbs. 1bs. E2 - E1 W
in.lbs. 4
Aculty
IT H-8 20 16,900 218,800 80,600 285,300 212,500 45,000 131,900 100 046" Hole
H-6 10 16,500 221,200 90,000 284,000 200,200 40,000 110,200 100 "
H-7 10 17,500 222,200 78,000 285,700 219,000 20,000 141,000 100 "
H-5 0 16,500 224 400 58,000 281,900 58,000 281,900 G 0 "
H-10 =10 16,000 220,500 73,000 279,500 73,000 279,500 o 0 "
" H-9 =20 19,500 230,000 62,800 285,500 62,800 285,500 0 0 n
TABIE I-8
Aspect Rlatio 16
Code: T-1 Specimen Size: 3/4" x 12¢
Block Spec. Temp. To Visible Crack To saximum Load To I'racture Energy % Internal
No. No. Deg. Energy E Load Energy E1 Load Energy F2  Load Difference  Shear Notch
F in.lbs, 1lbs, in.lbs, 1bs, in.lbs. 1bs. E2 - k1 W
in.lbs, 4
Acuity
I G=-1 30 23,000 284,400 136,000 369,000 350,000 50,000 214,000 100 046" Hole
G-2 20 23,000 282,800 135,500 369,100 322,500 109,000 187,000 100 "
G-5 0 21,500 284,800 129,000 379,500 354,000 63,200 225,000 100 1
" G=3 =10 20,000 287,800 129,000 373,400 341,000 55,000 212,000 100 "
G-y =20 22,000 286,800 121,500 375,500 121,500 375,500 0 5 "
" G=7 -20 24,000 294,800 87,000 359,000 87,000 359,000 o 0 "
IT G-6 +40 16,200 266,800 127,300 362,400 338,600 35,000 211,300 1C0 v
G-8 30 26,000 280,000 178,000 366,500 138,000 366,500 0 0 "
G=12 20 25,000 281,400 134,000 365,700 365,000 15,000 231,000 100 1
" G-15 2 22,000 276,400 123,000 364,000 327,000 66,000 204,000 100 "
=10 10 26,300 285,500 94,800 352,500 94,800 352,500 ¢ 9 "
G-11 Y 17,400 275,500 145,700 370,900 15,700 370,900 0 0 "
1 G-9 =10 23,500 283,900 80,000 347,500 80,000 347,500 0 0 "
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TABLE I-11

Aspect Ratio 12

Code: T -1 Specimen Size! 1" x 12" x 24"
Block Spec. Temp. To Visible Crack To Maximum Load To Fracture Energy ]
Ho. Hoa Deg Energy E Load Energy El Lead Enerpgy E2 Load Difference Shear Noteh
F in.lbs., 1bs. in.lbs. 1bs. in.lbs. 1bs. E2 - El1 ®
in.lbs 4
acuity
Iv G=5 40 32 5,000 357,800 214,000 481,100 599,000 22,000 385,000 100 1/16" hole
" G-1 30 39,000 354,400 194,000 483,000 512,000 79,000 318,000 130 n
! G-2 30 39,000 368,000 200,000 487,400 395,000 363,000 195,000 55 it
" G=H 30 35,000 359,000 203,500 488,500 218,500 487,000 15,000 10 "
v G-3 75 30,000 326,000 198,000 449,500 549,000 20,000 351,000 100 "
n -7 50 42,500 363,900 194,000 478,700 502,000 55,000 304,000 100 "
" -8 20 30,000 354,800 122,000 68,400 122,000 {65,400 8] 0 "
" G4 10 31,000 358,000 147,000 480,000 147,000 180,000 0 0 "
TaBLE E-12
Aspect Rabio 4
Code: T-1 Specimen Size: 13" x 6
Block  Spec. Temp. To Visible Crack  To Haxiium Load To Fracture Energy 4 Internal
No. ilo., Der. Energy L Load Enerpy E1  Load  Energy B2 Load  Difference  Shear Notch
F in.lbs, 1bs, 4n.lbs, 1bs. in.1bs. lbs, E2 - E1 il
in.lbs. A
I B-15 20 38,500 332,300 104,000 406,900 104,000 406,500 0 0 3/32" Hole
" D-3 20 33,400 329,000 109,500 405,000 109,500 405,000 o] 9] i
* D=4 20 35,000 333,500 110,000 404,000 157,000 384,500 47,000 5 "
" D-6 30 38,500 331,500 90,000 399,000 90,000 359,000 g 0 "
" -5 35 45,000 340,500 115,000 398,300 250,000 13,000 140,000 100 "
" D-2 LO 16,000 348,500 108,500 402,000 108,500 402,000 ] 0 "
n =14 50 10,000 336,000 110,000 401,300 255,000 145,000 145,000 100 1
" 15 50 33,000 318,300 119,000 398,800 235,500 125,000 116,500 100 "
" b-13 =65 28,200 343,000 83,400 427,600 84,250 426,000 850 0 n
T D=9 o 32,500 328,500 116,000 415,500 116,000 415,500 o a "
" D-17 20 35,000 322,000 116,000 406,500 116,000 406,500 0 0 "
" D-19 30 145000 343,500 110,000 403,500 263,000 145,000 153,000 100 "
" D-20 30 10,300 342,000 100,200 403,000 100,200 403,000 0 0 *
" D-10 40 14,000 339,000 106,000 395,000 106,000 396,000 0 o] "
" D-18 40 14,000 339,000 115,200 401,800 262,000 135,000 146,800 100 "
" b-8 40 12,000 337,700 119,000 405,000 125,000 402,000 6,000 5 "
w D-11 50 11,600 336,000 112,000 399,000 244,000 135,000 132,000 100 n
" D-12 60 35,000 320,000 118,000 392,500 285,000 120,000 167,000 130 n
It D-7 76 10,000 327,000 114,000 383,000 246,000 125,000 132,000 100 "
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TABLE I-12a

Aspect Ratio &

Code: T -1 Specimen Size: 111 x é&®
Block  Spec. Temp. To ¥Visible Crack To Maxirum Load To Fracture Energy 4 Internal
No. No., Deg. Energy E load Energy Bl Load Energy E2 lLoad Difference Shear Notch
F in.lbs. lbs., 1in.,lbs. lbs. in,1bs, lbs., EZ - El hi
in,lbs,. 4
Acuity
I11 D-23 30 34,000 324,500 107,800 404
» 2400 107,800  AO4,400 0 & 21
: D-28 30 36,000 334,300 111,000 404,500 111,000 hOh:SOO o o 3/3“ ol
" D=24 32 24,000 301,000 106,000 408,000 252,000 145,000 146,000 100 n
! D-27 40 27,500 309,000 110,000  L00,200 133,000 398,800 23,000 5 "
. D-26 50 32,000 325,300 100,600 403,300 176,000 350,000 75,400 20 "
. D-25 60 34,000 322,500 120,000 399,700 284,000 100,000 168,000 100 n
. D-29 60 36,000 328,300 112,000 400,000 245,000 140,000 133,000 100 f
" D21 20 17,000 267,000 25,000 303,000 25,000 303,000 ) J.H,Saw cut
i D=-22 83 8,000 236,300 100,000 369, 300 256,000 120,000 156,000 100 "
! #4 G-17 50 6,500 247,600 45,000 338,500 45,000 338,500 0 0 "
. #5 G=17 40 6,200 237,500 85,000 375,000 85,000  3%5,000 G b f
" :-6 G-17 75 8,500 234,500 58,000 348,000 58,000 348,000 Q 4] n
+3 G=17 g0 8,000 233,400 89,000 361,500 243,000 110,000 154,000 100 n
1
# Cut from G-17 [f
TABLE I-13
Aspect Ratio 6
Code: T~1 Specimen Size: 13" x 9"
Block Spee. Temp. To Visible Crack To Maxirum Load To Fracture Thergyv ot Tuternal
lo. Ho. Deg Energy E Load Energy EL load TFnergy F2 Ioad Difference 3hear Nateh
F in,lbs, 1bs., in.lbs, 1bs, 1in.lbs. ibs. 2 - E1 b
in.lbs,. 4
Aeuitr
- 18 ™ 100,000 507,500 210,000 564,000 568,000 185,000 358,000 100 3/32" hole
n 5 60 £7,000 459,500 200,000 564,000 540,000 190,000 240,000 100 "
" 13 50 84,000 495,000 165,000 568,000 165,000 568,N00 0 0 "
" L 50 70,000 480,200 205,000 568,500 477,000 155,000 272,000 100 "
" 15 40 64,500 463,000 206,000 578,500 534,000 150,000 328,000 1C0 "
" 14 30 70,000 480,000 193,000 579,000 193,000 579,000 9] 0 "
" 15 Ty 71,000 479,000 203,000 574,000 203,000 574,000 O 3 !



TABIE I-14
Aspect Ratio 4

Code: T-2 Specimen Size:r 3/47 x 3" x 12
Spec. Temp., To Visible Crack To Maximum Load
T e ] S = To Fracture Ener z
No. Deg. Energy E  Load Energy E1 &y Internal
" F Load Energy £2  Load Difference Shear ot
F in,.lbs. 1lbs. in.1bs, 1bs.. in.lbs. 1bs. E2 - E1 OWCh
in.lbs. T
Aculty
XB=9 0
5,000 94,000 17,000 112,500 36,750 20,000 19,750 100 .O46" Hole
B- -
i1l -10 5,000 93,500 16,500 112,000 38,375 35,000 21,875 100 "
XB-3 =20 5,500 94,000 18,250 114,200 25,000 108,500 6,750 20 it
XB-8 =20 5,750 96,700 16,000 113,000 37,000 52,000 21,000 50 o
EB-7 =30 55500 94,300 13,625 114,000 13,625 114,000 o "
-6 =40 4s500 89,000 15,000 115,000 15,000 115,000 0 "
TABLE I-15
Aspect Ratio 8
Code: T -2 Specimen Size: 3/4" x 6" x 12"
Spec., Temp. To Visible Crack To Maximum Load To Fracture Energy % Internal
No. Deg. Energy E Load Energy E1 Load Energy F2 oad Difference  Shear Notch
F. in,lbs. 1bs. in.lbs. 1bs. in.1lbs, 1bs, E2 - E1 W
in.lbs,. L
Aculty
XD=5 +10 10,000 161,700 44,000 204,500 103,000 10,000 59,000 100 046N
Hole
ib-1 0 12,000 165,000 43,000 207,300 112,000 25,000 69,000 100 "
XD-6 -5 10,000 161,800 444,000 204,800 102,000 40,000 58,000 100 "
XD-3 -10 13,000 168,500 45,500 206,500 54,000 198,000 8,500 15 "
D=2 =20 12,500 169,500 b6 5500 208,900 49,500 206,500 3,000 15 "
iD-4 -30 10,000 164, ,000 28,500 199,000 28,500 199,000 0 0 "
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TABLE I-16

Aspect Ratiop 12

Code T -2 Specimen Sizs: 3/ U 9Ny 100
Int 1
Spec. Temp. To Visible Orack To Maximum Load To Fracture Energy 4 nherna
No. Deg. Energy E Load Energy El Load Energy E2 Load Difference Shear Notch
F in.lbs, 1bs, in.,bs. 1bs, in.lb=, 1bs, E2 - E1 w
in,lbs, %
Acuity
-9 +10 15,000 229,500 68,500 284,700 185,000 45,000 116,500 100 .Ok6"
hole
-1 0 16,250 226,300 77,500 291,300 163,500 70,000 86,000 200
Hi=7 -5 15,000 231,500 76,000 293,500 155,000 215,000 79,000 50 "
H-8 =10 15,000 231,700 42,000 276,500 42,000 276,500 0 0 n
-3 20 16,500 230,800 71,000 293,000 79,000 281,500 8,000 10 n
-5 -3 16,250 235,700 57,500 293,000 57,500 293,000 0 o "
TABLE I-17%
Aspect Ratio 16
Code: T-2 Specimen Size 3/6M x 127 x 240
Spec. Temp. To Visible Crack To Faximum Load To Fracture .Energy z Internal
No. Deg Energy E Load Tnergy E1 Load Energy E2 Load Differsnce  Shear No?ch
in,1bs. iha. in,lbs. 1bs, in,1bs. 1bs, Iz - 1 w
in. 1lks. 4
Acuity
10 30 21,000 292,400 116,000 370,400 335,000 25,000 220,000 100 LOLA" hole
6 20 20,000 296,000 126,000 375,000 300,000 45,000 174,000 100 "
15 20 21,000 301,200 170,030 374,500 279,000 200,000 144,000 55 "
1 20 18,000 296,500 130,070 375,800 300,000 60,000 170,000 100 "
11 16 20,000 294,500 116,500 374,500 291,000 118,000 174,500 75 n
3 10 20,000 295,000 140,000 376,200 272,000 182,000 132,000 60 "
13 10 23,000 301,600 66,000 352,800 66,000 352,800 o 0 u
I 0 31,000 309,000 113,000 379, 500 126,000 375,000 13,000 10 "
5 0 18,000 294,500 117,000 378,500 207,000 323,000 90,000 30 "
14 g 24,000 302,600 120,000 375,000 154,000 364,500 Iy, 000 15 "
2 =20 18,000 300,000 140,000 384,700 146,000 30,000 6,000 10 "
12 =20 23,500 304,100 124,500 82,000 129,500 350,000 5,000 10 "
8 =30 21,000 308,800 122,500 391,200 122,500 391,200 0 10 "
g =40 19,000 312,600 77,500 379,000 77500 379,000 o 0 "
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TABIE I1-18

Aspect Hatio &4

~

Code: T-2 Specimen Size 1" x A" x 8"
Spec. Temp. To ¥isible Crack To Maximum Load To Fracture Energy 4 Internal
No. Deg. Energy E Load Fnergy E1  Load Energy E2  Load Difference Shear Hot.ch
in.lbs. 1bs. in.lbs, lbs. in.lbs. 1bs. E2 - E1 ki)
in.1ibs, 4
Acuity
6 +20 9,000 153,400 29,000 187,000 71,500 25,000 424,500 100 1/16" hole
i1 +10 12,000 163,000 25,500 187,500 68,000 33,000 42,500 100 u
g o 10,500 165,000 24,5500 191,700 71,500 35,000 47,000 100 "
7 0] 12,500 168,500 25,000 191,500 70,000 30,000 45,000 100 n
8 =10 73200 158,000 32,500 «193,000 56,500 167,500 24,000 30 "
1 =20 10,000 163,000 33,000 191,500 33,000 191,500 0 0 "
TABLE I-1
Aspect Hatio 6
Code T-2 Specimen Size: 1" x 6" x 8"
Block  Spec. Temp. To Visible Crack To Maximum Load To Fracture Energy 4 Internal
No. No. Deg Energy E Load Energy E1 Load Energy E2 Load Difference Shear Notch
F in.lbs, 1lbs. in.lbs, 1bs. in.lbs. 1bs, E2 - El W
in.lbs. &
Acuity
3 +20 16,000 225,000 54,000 270,000 131,000 45,000 77,000 160 Mo
hele
1 20 22,000 240,000 53,500 271,800 138,000 41,000 84,500 100 "
5 10 16,000 221,800 51,000 272,200 100,350 205,000 49,350 30 "
4 10 17,500 237,200 55,000 271,000 65,000 259,000 10,000 22 "
7 10 22,000 236,400 52,000 271,000 139,000 40,000 87,000 100 "
6 0 18,500 235,000 57,500 273,200 98,500 215,000 41,000 33 "
g 0 13,500 232,000 42,500 273,000 50,150 272,500 7,650 10 "
2 =10 17,500 233,700 52,500 278,300 89,000 246,000 36,500 33 "
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TABLE I1-20

Aspect Ratio 8

Code: T -2 Specimen Size 1" x 8Y x 120
Spec. Temp.  To Visible Crack To Maximm Load
To Fract:
lo. Deg. f}nergy E Load Energy El Load Eneggy Eg ur;a:cvad Di?}::gce Shfar In;ezn;l
F in.lbs, lbs. in,lbs, lbs. in.lbs, 1bs, EZ - E D\-;c
in.lbs. 4
Acuity
)
50 28,000 289,000 78,000 336,000 200,000 63,000 112,000 100 1/16" hole
b 40 26,400 293,600 92,500 342,600 200,000 78,000 107,500 100 n
1 30 20,500 280,500  B8,000 346,500 147,000 287,000 62,500 30 "
2 1¢ 19,500 281,800 88,000 346,800 198,000 130,000 110,000 70 n
3 -0 18,500 285,400 86,000 355,600 135,000 303,000 495000 0 "
5 =20 17,000 292,900 20,000 354,100 80,000 353,500 0 0 "
1
I~
o
1
TABIE I-21
Aspect Ratio 12
Gode:r T-2 Specimen Size: 1" x 12" x 24"
Spec. Temp To Visible Crack To Maximum Load To Fracture ° Energy % Internal
o, Deg Energy E Load Energy EL Load Energy E2  Lload Difference Shear Hoteh
F in,lbs. 1bs. in,Ibs. 1bs. inJ.dbs. 1bs. E2 - El1 W
in.lbs. b
Acuity
5 50 47,000 417,000 152,500 488,300 I72,500 130,000 220,000 100 1/16" hole
[ L0 31,000 389,500 143,000 493,000 393,000 140,000 230,000 100 "
1 0 4,000 B3, 000 157,000 198,000 372,000 230,000 215,000 75 "
3 20 40,000 4§14y 300 152,000 198,000 376,000 195,000 224,000 75 "
2 0 40,000 £16,500 105,000 (94,000 105,000 494,000 0 0 "



TABLE I1-22

Aspect Ratio

Code: T-2 Specimen Size 13" x 6" x 12"
Spec. Temp. To Visible Crack To Maximum Load To Fracture Energy z Internal
No. Deg., Energy E Load Energy E1 Load Energy E2 Load Differencse  Shear Notch
F in.lbs. lbs, in.1bs, 1bs. in.lbs. 1bs, E2 - K w
Acu?ty
Xp-2 10 30,000 345,600 98,000 423,400 133,000 397,000 35,000 10 3/32% drill
Xo-1 20 30,000 343,000 92,000 413,500 92,000 413,500 ¢l o hﬁle
D4 30 36,00C 354,500 95,000 415,000 208,000 215,000 113,000 50 "
XD-3 40 28,000 331,800 100,000 413,200 210,000 170,000 110,000 100 o
X0-5 76 35,000 334,500 94,000 400,900 224,000 145,000 130,000 100 n
-6 100 37,000 341,200 82,000 396,400 222,000 145,000 140,000 100 "
TABIE I-23
Aspect Ratio 6
Code: T-2 Specimen Size 13" x 9" x 24"
Spec, Temp. To Visible Crack To Maximum Load To PFracture Energy % Internal
lo. Deg. Energy E Load Energy El Load Energy E2 Load Difference  Shear Notch
F in,1bs. 1bs. in.lbs. 1bs. in.lbs, lbs, E2 - E1 W
Acu?ty
XH-6 30 52,000 501,000 155,000 598,500 182,000 597,500 27,000 10 3/32" drill
XH-5 40 52,000 198,000 160,000 593,500 390,000 175,000 230,000 100 hﬁle
Xi-1 60 62,000 597,200 143,000 581,000 143,000 581,000 0 0 "
-3 75 60,000 492,500 190,000 578,700 443,000 145,000 253,000 100 "
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TABIE I-24

Aspect Ratio 4

Code: T-2R Specimen Size 3/4" x 3" x 12"
Spec. Temp. To Visible Crack To Maximum Load To Fracture
Energy % Internal
No. Deg. ?nergy E Load Energy E1  Load Energy E2 Load Difference Shear Notch
F in.lbws, 1bs in,lbs, 1bs. in.lbs, Ibs, E2 - E1 W
L
Acuity
B-1 75 6,250 100,700 13,500 106,800 34,750 22,000 21,250 100 046"
drill hel
B4 h 9,000 100,500 16,250 107,000 36,200 21,000 19,950 100 ral
TABLE I-25
Aspect Ratio 6
Code: T-2R Specimen Size 3/4" x 4" x 12"
Spec. Temp, To Visible Crack To Maximum Load To Fracture Energy % Internal
p p ~0 I'raciure
No., Deg. Energy b Load Energy E1 Load Energy E2  Load Difference Shear Notch
F in.1lbs., 1bs. in.1bs. lbs. in.1bs. lbs. E2 - B} bl
L
Acuity
7 a5 11,000 130,200 23,000 154,300 65,000 30,000 42,000 160 LOL6M drill
hole

L 73 10,000 129,300 32,500 152,500 75,000 31,000 42,500 100 N
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TABLE I-26

Aspect Ratio 16

Code: T-2R Specimen Size 3/4" x 12" x 24"
Spec. Temp., To Visible Crack To Maximum Load To Fracture Ene ‘
-0 rraciure TEY % Internal
No. Deg. @nergy E Load ?nergy El  Load Energy E2 Load Difference Shear Noteh
F in,lbs. Jbs, in,1bs, 1bs, in,1bs, 1bs, E2 - E1 X
in., lbs. 4
Acuity
GR-4 60 29,000 308,800 110,000 367,700 310,000 140,000 200,000 100 046" Hole
GR-7 50 26,000 302,800 142,000 374,900 337,000 35,000 195,000 100 "
GR-3 40 27,000 309,500 124,000 376,900 285,000 215,000 161,000 60 "
GR-1 30 25,000 305,000 57,500 345,000 57,500 345,000 . 0] w
GR-8  +10 27,500 311,500 138,000 384,500 138,000 384,500 10 "
GR-6 =10 27,000 310,000 129,000 382,800 147,000 380,000 18,000 15 "
GR-2  -20 20,500 307,800 68,000 368,000 75,000 368,000 7,000 o "
TABLE I-27
Aspect Ratio 20
Code: T-2R Specimen Size 3/h" x 15" x 24"
Spec. Temp. To Visible Crack To Maximum Load To Fracture Energy % Internal
No. Deg Energy b Load Energy E1l Load Energy E2 Load Difference Shear Notch
F in.lbs. Ibs., in.lbs. 1bs, in,lbs. 1bs. E2 - E1 ¥
in, 1lbs, 4
Aculty
I-1 +50 38,000 373,000 176,000 451,900 442,000 60,000 272,000 100 L6
drill hole
1-2 35 40,000 373,800 180,000 456,500 116,000 375,000 136,000 410 "
I-3 20 34,000 377,300 178,000  461,8C0 230,000 449,500 52,000 20 "
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