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ABSTRACT

This report contains the results of tensile tests made on

geometrically similar steel specimens. Tests were made in a systematic

manner with Aspect Ratios (width divided by thickness) varying from 4 to 2o0

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 diam#ter af the drilled holes was made

proportional to plate thickness. Steel plates ranging in “as rolled thick-

nessesll,from 1/2 inch to l; inch were investigated from two heats of steel.

The results of the tests are classified on the basis of strength,

energy absorption, and transition temperature.

It was found from this 3nvestiEation that dimensional similarity

of specimens does not assure geometrical similarity of plastic strain pat-

terns. Tkerefo~ the geometrical and metallurgical effects of thickmms on

transition temperate could not be segregated on the basis of geometrically

similar specircens.inthis investigation.

.-
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Tti”study$ designated as the Aspect Ratio Program, is
,...,,... ,
‘afie~l;ratory investigation of the effects of specimen geometry (width

and thickness) on strength, energy absorption and transition temperature,

“

using internally notched steel specimens tested in tension. The width
.,

and thictiess of specirmx were relat”edby considering the Aspect Ratios

(AR) of ~h~ specimens ~fh~~~AR kep~esents the ratio of gross wid~h of
,., .

., ..’

‘ specimen to thickness of the
-... .

to be geometrically sitilar,

““held in strict similitude.

The intent of this

.. :.:’ ,..

platew Specimens of equal AR were said

since notch length and acuity:were also

!,

study was to obtain a separation of the

geometrical from metallurgical effects in plates having variable ‘)as

rolled’fthicknesses from the same heat. A systematic variation inAR
.,--

in various plate thicknesses was made$ utilizing two differant stee>s.
.

Assuming for a given thickness of a qiven s-teeit?natchemical and

,- ,.

,.,‘,- ,,:.J. ~.
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metallurgical effects’would remain constant, the size effects noted

could be attributed to geomet~ in t-heform of increased width. It was

thoughtthat data using specimens of different thicknesses but with
,..

equal AR and the same chemistry, would enable a determination to be

made of the affects of metallurgical changes due to rolling. The

latter comparison is dependent upon the validity of geometrical
:.

simil~rity of ,bothelastic and plastic strains in all regions of the

specimen, regardless of plate thickness

Results of this’study on internally notched specimens indicate

that dimensional similarity of unstressed specimens,,does,not necessarily..........j., ,’.’.

guarantee similarity of such important physical relations as strength.,-.

and unit e,nergyabsorption. These physical quantities were found to,.; ,-..’,/:,:”,“ :., ,

yary with both thickmss aml widths

With regard to strength, as d+ermined by the maximum ave~age
,.

unit ptress on the net cross-,section,comp~isons of geometrically

si.mllars~ecimens s,howthat the -thickerplates have
“. .,.’

unit resistance than thinner plates. For,plates Of

strength of the ylates shows small differences with

On the whole the strength does not appear to depend,. ,.,

a definitely,smaller

equal width the.

varying thickness.

greatly on thickness

when width is not varied~ ,. ,,,..-,.

.~ith regard to energy abso~ption, to,maxirnw load, the data
.. .. ,,. ,-

for geometrically simiiar specimens indicate ,that~he,thickqr.plates
.’ “,

absorbed less energy per cubic inch.of volume (termed unit eq+rgy) than ..
‘. ,,

thinner plates. However, for specimens of equal width the situation is

reversed and the thicker plptes absorb more unit energy than thinner plates,



..The

metallyrqical

-3-.... ,,,

transition temperature for a given thickness of plate,

effects assumed constant, shows a tr..ndupwards as the width

For small widths the thicker plates have higherof the plate incr~ases. .,.

transition temperatures than the thinner plates~ considering either
,,-

constant aspect ratio or width. The question here is what part of this
,, ., ...

increase in transition temperature is due to the geometrical eff~ct of
.. ,.

increasd thtckness and what part due to metallurgical differences- The
,-

effects qf metallurgical differences cqn o$iy

of geometrical effects. AS it was found that

not completely eliminate geometrical effects,
,, ,, .

effects may require comparison of the various
,,

other than eq~lity of aspect ratio.

,-,

be determined in the absence

dimensional similarity does

the isolation of metallurgical
,,

thicknesses on some basis

A trend toward uniformity of strength and unit e~ergy in the

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

effect of thickness is to modify the rate at which these miform values

are approached as width is increased*

The results of this study mus>

disclosing the nesd of furtiierstudy and

MATERIAiS

given tha

furnished

be considered +@

investigation-

be exploratory,

.!

The steel plates used in the aspect ratio program have been

code designation T-T, T-2, and T-21L The T-I* steel was!,

in l/2H, 3/411,ltland 1?! thicknesses, with all plates rolled

~The T-1 steel was given the plate code letter ‘tGtlin the report ltFurther
Study of Navy Tear TestrlbyNm A. Kahn and E- A. Imbembo published in the
Welding J6uFMZ, February, 1950.

,. . .! .,..-,., . . ... .... .+,,,!.,. . . . . .,



from the same hea~~’’’T~e2-2

thicknesses, all rolled from

-.4’”-’ “’

steel was received in-3/4fi,litand 1~~

the same ‘heat.“%?R designates the 3/4n

thick plates obtained’byre-rolding a portion of the~~n’ ‘thickT-2 steel.

,,
The chemical analysis’‘forthese steels is as follows: “

Steel Codq g

and the

T-i ‘“’ ●16

T-2 “ .18

T-1 steel is terrn~d

T-2 steel i-stermed a

&’ ‘~ g S5:,,

-,

.93
“i.● ~13 .034 .020

.72 “no~ ‘*c26 .26

a semi~kill~ steelo$ the”ABS-B type’ ‘

silicon-alumimumkilied, fine grained steel.

The T-2R steel was produced kg re-rolling ’2”~iecesofT-2

was made without cross rolling in 3 passes ~hile tiaikt~iningthe 48~twide

dimen”sion~‘The@l “thiokplates were b the s~akltigpit~ior

“i’or~ie fio~ Gn&’fifteLn’niikutesat ‘a{’tern~drdtureOf 22&O~m

,:+itierat’’e’’wa; ~6800j,
The surfaces of:the re-rolled plates

excellent and relatively free from scale. ““ “

to rolling

The finishing

, ,,.
weye

“The grain sise-for these steels h.a~be~n”~eported’to this

laborato~ by Mr.’:lt-A; ‘Kahn*of”the”l~ey~~York Naval Shipyard, as follows;

Steel Code Plate Thickness Mc@mid-Ehn
,.. .,...G:. Grain Size——

.. . T-1 ““ ‘ l)2fi””: 2:’ . 1-/$

.,-
T-l “3/41!--- 1-3

T-l ‘ it’”:” 1-3

.. T-1 , ,.!. . . ,.W . . . . .,l#:. .-..,. .,,.+. .,-g,.........
,. ,.

T-2R + y..m “.,7-$,. ;.”

* By letter

.- .- --
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It has be~~ further,reported for the T*1 steel that a

progressive decrease in the $errite.grain size was observed, with a

decrease in plate thic@ssq The ferrite grain.,sizefor the T-2 steal

has been reported as 5-7 and for the T-2R steel as 6+L

The.tensile physical properties of the steels as defined by

yield stress and ultimate stress are given as follows based onASTM

standard full plate thickness specimens: ,,

Physical Proue,rties , ~

Unnotched Bars

Steel Code Elate Thickness ~ ,Y$eldStress ~ Ultimate Str~
psi psi

,T-1- @ 41,QoQ ‘ 67,200.,,”

3/4” 35,$00 63,200
.,

,,. l’~, : 37,200 71P000

ly 36,4oo 60,00,0

‘),‘,T-2 3/4” 39,600 67,000

l’~ 40PO00 67,000

., . lyt 33,800 64,500

T-a. 3/4” 39,200 67,000

Test SrmciWns and Test Schedule

., , Figure 1 represents the typScal speeimeu used. The radii

of the drill holes :attheends of the:internal notches are proportionate

to plate thickness. The size of the drill hole used for various ~hick-

nes,ses,0$ plate was aB indicatedinFigure 1-

.—



.“. ,

,,

-,.!,

The layaut of the specimens ffiomthd plates furnished to

this labora%o~ is shown in Figires2’~%o %intiluai’ve; for steels

designated as T-1, T-2, and T-2FL whenti prbgram was tirst planned,

a layout of the’-~latesof T-1 steel was bade’to provide sufficient

specimens of a given size distributed across tha:.tiidthof the plate to

de~ermine changes in transition temperature due ”topasitionwlth$n the

plate. The l/2ttthick platesof Trnlsteel were laid out to providefour

longitudinal blocks or zones denoted as Block I, II, III and IVon

Figure 2. The,3/4K thick plates were laid OU% in three blocks denoted as

Block I, II, and 111, the lt[.thickplates “Iaid.out.tifive -bl~ck$de-

noted as I to V inclusive?

11, and III* It was hoped

were tested from any given

and the l~t thiclc”’plateslaid out in Blocks I, .-.

that if enough specimens of any aspect ratio

block, statisticalstudies of the effect of

position wtthln the plate could be made. Ho&ever, due to costs and time

involved, this extsnsive.testingprogram was completed only itithe l~2n

thickness. ;

,..
Figures 9, ZO and 11 show the schematic outline of the aspect

ratio program as or&hally planned in which it.was contemplated that

tests would be made Yor specimens as wide,as 30q,.Stithe l&r.thiclmess,

Hometier~this program’’hadto be curtailed: The blacked-out plates in the

figures’indicate themidths and thicknesses.actuallytested in this

prbgrami ,’., ,-,, ..

The aspect rat~os.tested’ih ‘thedifferent thickness% for

the various steels are given in the following table:

.-



TM3J3 1

act Ratios Tested

,,

T-2

,,,

T-% , .,

3/.4”
1“
ly

3/4T’

4,$,12,16
4,6,8,12
4,6 ,

4,6,M,20

The spec+mens within any given plate layout have been

by a letter and a numbw-m(see layout diagrams)t

lkasuremen~of Elonmtion

The elongations of the test specimen were measured in,-

.

identified

the

direction of the tensile loading over a gage length equl to 3/4 the

width of any individml specfien= The same clip gage Instrumentation

as described in a previous Progress Reportl* was adapted to longer or,, ..

shorter gage lengths by using extending or shortening bars,,’ ,’,

Temperature Control

The test temperate was controlled by eiclosing the test

spectmens in a plexiglass housing in which tei$eti~ttiesbtibw room

temperature were maintained by circulating air cooled by dry it@*
. . .

Heating of the specimen above room temperature was accomplished by
.!, .-!.,.,

electric strip heaters placed in the temperature control chamber. A.. .. .,., ,,.

full description,,~fthe temperature control eqtipment,was given in a.,
,.

previous Progress Reportl. Test temperatures were chosen ao as to

————
superscripts refer to references in Bibliography

-.



straddle the transition from shear to cleavage fracture.

w. ,,
,’ ,. ..,,, .,,

The.tables in Appendix I list the basic data obtained for
.,’ ,,

test specimens of,all steels, as follows: Test temperature; the load
,...,

producing the visible crack at the notch, the maximum load, cad the

frflctureloa~; and the energy bput to each of the aforementioned loads

in inch-lbps In addition, the character of the observed fracture is

given in terms of percentage of shear texture in the fradtti swface.
.,+ !,

The energy to the”visible crack loadin~ has been designated as E, the

energy to hum load as El, and the energy to fracture as Ez. The

tables also list the difference in energies E2-E1 where thia,quen%ity
,.,. .,.,J,

represents the strain energy absorption after the”:”maximumload. All
. ,,.

!.,,.

of the tabulated energies were obtained by findik~ tk’~a’~eaunder “theload-
,., ,-.
elongation curvess Typical load-elongation curves are iticludedin

,-.<

Appendix 111 of this report for two’specirnensfo~ every aspect rati~

tested, one curve referring to a spmimen failing in shear ahd’the

other curve referring to a specimen in which

., ,. The,basic data shomi~.the. tables

in the figures given in AppendixII.

.,., .?.
A~rage Maximum Unit Stre9s

,.

cleavage failure occurred.~,:.:,’,., J,,.4 ,.,

.,aregraphically summarized

.,..

Tables 2 and 3 list the average values of the”
.,,“ !,’.

stress at maximum load for T-1, T-2, and T-2R steels in
.;. ,.

nominal unit

addi’tionto the
.

,.

>=.

unit energy valuesm The pomina~ tiit strese intensity is based m the

.. .’

-. ,-. L-w,.--..,..+. .,
.r

—.
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Smmsry. of Unj.t

Values

TABLE 2

T-3.STEEL

Energy+?,and Average Unit Stress at Maximum Load ..

Based on Gross Gage Volume and Ket Area
,.

.-

and the Avers,.gefor all Specimens Exhibiting Either 1OO$ or 0$ Shear Failures,,

67,9,40 2/460 ‘59,940 1,820 ‘“57rO001,610 55,0W
I

69>230 z,ocm 59,W l!42~ 56$460 l,350 53J@o

0$ 2,540

* LI, unit energy in

61,720 “’ 2,3?Q 55j4zow360 .52,550

62,680 1,900 57,160 1,245 52,680
...

59,130 2,250 56,300
60,200 1,960 56,7W

inch-lbs. per cubic inch
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pet cross-sectional area afthe plate at the notch. The avera~es are

separately givenfor ail specimens exhibiting either a total shear

failure Or a total cleavage failure.

Unit En.e~xv

The

aspect ratios

energy absorbinE capacity of a

may be compared by considering

energy, designated as (u), as herein defined

tained by ditiding the total energy input to

given steel in different

average unit energy. tintt

represents the result ob-

maximum load by the volume

of the plate between gage lines. The umits of the computed
, ,’

are inch-lbs. per cubic inch of metal. The volume is equal

3/4Wx~t or 3/4W2t (see Fig* 1) which may be termed ‘~gross
,,,,,,

Thus, (u) equals El (3/.#t) ●

unit energy

to

gage volumeltc

Table 2 mmnarizes the calculated average unit energies at

maximum load for T-1 steel. The average unit energies are given only

for specimens fatling in”10@ shear or ~~ shear, with all specimens
..

,.
of etther mode of failure be?.ngused in obtaining the average value.

Table 3 similarly summarizes the limited resul~s for T-2, and T-2R
,,

Xespct%vely.

No consideration his been given to energy absorbed beyond

maximum load, “but’values are given in the tables

Avera,~eUnit Stress
,. ,,

Average unit
,,.,’ ..

area at the notch$ Tor

DISCIESION OF TEST RESULTS—-——

of Appendi~ 1.

,,,

stress values at maximum load based on the net

T-1 steel? have been plotted in Figure 12 against
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aspect ratio. The res~ts @otted were’”taken”frornTable 2 for the

specimens failing in 10Q% shears but specimens failin~ “inW2 shear do

not differ significantly from the fully ductile ones in specimens of

these

falls

width
+

.,

‘he unit stress for a given thickness graduallyaspect ratios.

with increasing aspect rakio. This reduction is due to increased

since metallurgy may be assumed constant for a given thickness.,, ,. ,,

The unit stress for a given aspect ratio decreases as thickness
,>

increases. The loss in strengtlnof the thicker plates may be attributed
,.

to metallurgical effects if specimens of equal aspect ratip are similar,,

in their strain patterns. However, the effect ~f non-similarity,of
,, .,.

strain patterns will not be considered at the present time.

From the results obtained by the University of California?

it my be expected that the unit stress wauld reach an asymptotic value

for plates of great wiclth- This is probably due to the more uniform
i,,. ..

action of stress upon the net cross-section at the greater width.

In Figure 13$ the unit stress values of Table 2 have been.,
,’”

plotted against width rather than as~ect ratio. Here it,may be noted
. .

that unit stress decreasss as width increases; but that variable thick-

ness does not greatly affect unit stress. Comparatively, width appears

to be a better basis for
,.

~nit Enerxv Absorption

Figure 14 is a

correlation than aspect,,

plot of

the 1/211,3/4tr,111and l~-rfthick

14 the data from,Table 2,for the

,>
., .,,.. .,. ,

unit energy (u)

ratio.

versus aspec,tratio for

plates of T-1 steel. In plotting Figure

specimens failing in 100% shear has been

-. —.
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used● The figure shows, for equal aspect ratios, that the 1/211thick

plate generally absorbs more energy per cubic inch than tinethicker

phtes’, with tiledifferences due to plate thickness being less in’the

higher aspect ratios. If unit energy % maximum load is a criterion,

then it can generafiy be stated’thet the thicker plates pdssess Ie”ssduc-

tility than thinner plates, when comgarin.ge@al aspect ratios.

The unit energy absorption for specimens failing in 0% shear

shows the same trend as aspect ratio is increased as for specimens failing

in 10W shearq However, the values of unit energy are lower for O% shear

faihres 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 umit energy are nearly eqtil for 100$ and 0% shear for a given

thickness. This indicates th~t the lac~l conditions at and around the

n~tch for the’narrowist specimen are the same”regardless of the mode of

fracture. This progress report ~oes not present a further analysis of
,.

the energy variation for the specimens exhibitin~ 07 shear failure. Ana-

~tical work is now inpragress to asdert~inthe significance of these
.i, ,.

phenomena,

The unit energy data given’in T~b~& 3 for T-2 and T-2R’steels

shoiisthe same tiends with regard to thickness and aspect ratio ’asfor.

T-1 steel- The T-2”steel, however, appears

energy than T-1* “

The T-2R steel, based only upon a

*O absorb in general less

few ‘hes% in 3/4n’thickness,

absnrbs essentially the ss,iGenergy as T-2 steel. Considering the over-

all results it nay be concluded.that in a given thickness changes in

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

-.
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these two steelqa ,.,

,~n,tgterestingcomparison between unit energy.$0 maximum Ioadj

width, and.thic~ess is shown in Fi;;ure15 for T-l steel. Theiun~t

energy tends to become ,equqlfor a given width of platq as the thickness

is increased from 1* to ;l~. ~heques~ion here is whether,or nOk this iS

indicative that the detail mechanism of ener~ absorption may be nearly,,.

similar for,the specimens of constant width in the In and 1~ thiclmess.

Such similarity might im@y identical plastic strain patterns generally

throughout the specimen with the probability th~.tconditions at the notch

would become similar for specimens of equal width in l?lor 1*-*1thickness.

If this should bs 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 tra~sitton tern- -,.

peratmre -sofound could,then be attributed to metallurgical differences

almem, 11odefinite generalizations can be made from the results, hence

thesespeculations must be,conside.redonly in the fmm of a query.

,.When the values of unit.energy to maximum load for 10C$ shear

failures are plotted on width rather than on aspect ratio,,Figure 16, the

values for constant thickness run.clo~ely parallel, the results for,.

greater thickii~sseslying abow the,s~ller thiokmesses rather than below,.

them. In Figure ~, where values of.pnit energy were plotted agaipst

aspect ratio @?t-l), the greater thickness gave lower ,yaluesof @t

energy.. Inferences from this fact might be drawn ~~ithrespact to the

., strain patterns

consideration.

.,”, ““

—

as affected by thickness, but these are ,leftfor later

—
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In any case, it appears that by plotting on some function inter-

“1 and Wt” the curves coti.ldbe superimposed within themediate between Wt

..’, limits of experimental errm.. , ,,..... ....- ... .
: >.-

:-,Transition Temveratwes ‘
,+

,,., ,..,.
. ..<..,,,:.,.,., ,.,,,

,., , Transition temperatuiks have been established by two methods: ““
., 1“: ,.’, ;, .

“ ..’ ....,., -.. . .,, -

First, a temperature range was determined,

the pode of fracture chang~s frotis~eatito
.,. .,. ., ,.

which the energy abso~ption shoti~a marked

of Wcertainty as to the temperature below

. ,. .. ..... . . ......

either the range within which ,:.,...”: ....

cleavage, or the ra~ge within

decrease. This is the range

which ductile behaviom is not

assured. Second, a single valve of transition temperature, instead of

range’;was determined by selecting a temperature at which either the
-

energy value to maximum load ~r percent of shear in the fracture is m~dway,.
>>,

betwem their respective maximum and minimum ~alues. -~na number of in-

stances the single value fails outside of the transition temperature,.

range (see Tables 4 and 5).

Figure 11-1 of Appendix II is t~ical of

the entire pro~ram, where the ensrgy El to maximum

cantly different in the fully ductile or the fully

the test results of

load is not signifi-

cleavage modes of ,

failme. Only sev~ral exceptions to ttis statement have been noted. (It

is to be recalled that in previois wide”pkate testsL#2 where jewelerts

hack-saw cut potch~s were used? there was a definite transition in energy

to maximum load.) As a consequence, the erergy to maximum load cannot be
L .,

used here to obtain a transition temperature except in a few cases shown

in Tables 4 and 5. E2 and 122-Eldiagrams (Appendix 11) do show an

abrupt drop in energy levels in the tramition zone and a transition tem-

perature can be obtained by using either of themm However, in this program



TABLE 4
v.’- ,.. J ,-,..’ .....(..~,..,..,.,”

TRANSITION TEMPERATURES ““,
,, ,,. ,,- ‘,, ,- :.,.,

T-1 bT~L
,,

.. ...l*,.;...,,.,,, ,,
..

Transition Temperature Range o F——.
,,..,.- ,“.,........ ,:..,,$itigl~Point

Plate A,AspectBLo~k,Based on energy Based on appear- All+Blocks TransitLon—
Thick- ~~~o ~om “to”max.load -atice’offra’cttie : Combj.nkd-,. Tap. ‘F..
ne~s. .,. ... .nfi, O.,, as,defined by % based on based,,on

~“.< ,. ,,. ~f.”ghea.rl.:,’::~~ Qar&n~&;” appearance

& ‘,4. ,-, ~ ,.
‘fideter’rninate’

IL..,,“,J,. ~.~,.......,,111,.:: “ -40 to-3Q
-35‘to-25
-4C to -30.,,. . .bIv. 11

.:, .,, ., :,, ,,, ..: ,..:,::..!,,,;.,.,

,,, e 1,1 Indetertiate,,.,.’,, ,.-J,.-,,,..,...i. ,,

.,, :; :. .;..,.:;4,:, :. . . . ,
,.,

-lO,,tozero
,.b, -.4(...7,

,,.,., ,

-lo
,,.-!., ,.,, t

-10 to zero , ,,
,.,..

36. ,., ~., zero to ~7.0
..: 11 Indetertiate

III, zero to +10‘.l.~,.,:,,;;,:...
IV Indeterminate

zero to +10
:+iO to +20
zero to,+10
-10’to zero

;l, ,., -.,

+10 to 20 ,,.,., .<. ,’

,.j.,. . ;,.-}:
‘. ,. ‘f ,

-2,.,,.,..,,.,

,,,: & ~,

II

,.
In

.-20 to -lo
“’’’-10to zero

~,af a,.,,,

-10 to,,zero,,

s uf f i c i en t
-20 to -10
-LO to zero ‘:

-E!,,.. .

Indeterminate -20 to zero -20 to zero

Zero to +10

zero to +10

-23 ‘

zero

+5

II

IndeterminateII”’ zero *O +10

II zero t6;+iO” ‘Zeru to +1012

I
II

-20 ti-lo’

+30 to +&o.

+10 to +20

16
16

Indeterminate
II +15

+13

+13

+28

+joto 40

+loto +20

+10 to +20

II Indeterminate

II

111
4

+10 -k +20

12 ST
v +30 to +40 4-30to +40 +3cto +40

I
11
111

Indeterminate
tl

MO to +50
++oio 50
+50 to +6o

+50 to 60
II

so to 60+50 to +606 II II +50
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TABLE 5

TRANSITION TEMPERANJ.RES ‘

T-2 and T-2R STEELS
Li@e Point

Plate Aspect Transition Temperature Range”°F Transition Temp.
:-

Thick- Ratio Eased on Energy Based on appear= ‘F based on ap-

ness “ to hw. load of fracture as. ~arance as de-
defined by Z of’shear fiiiedby ~ Of

~.
shear

..

3/lk~~ b’ Indetermbate

e“ 11

12 ‘;’” ‘t
,..

16 : - 1’

l!! 4 11

6 II

El !1

12 zero to +20

1*” 4 Indeterminate

6 II

T-a s~L .,

-20 to -10

-10 to - 5

-10 to zero

+10 to +20

-10 to zero

+10 to +20

+30 to 4-40

zero to +20

-17

-18

“-5

‘ +,2

~.

-7
,.

+iO

+33

+13

+30 to 440 +30

+6o to +75 +66

T-2R STEEL

3/4” .4 (In sufficient Data)

6 (In sufficient Data)

16 Indeterminate -V@ ‘Lo+50

-..
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these latter two diagrams w~l~ not determinwitransitiontemperature any: .,.
.... . . ‘., ,

-,, b’et’’ei.thanthe percentage of shear diagram~, For”this reason,~~,qppear-,,-“!’’..,...,,.,.,,:. ..+,,,..,!, ,,, ...... .. .* .: .,. : .,.-. ,,,,.,,
.,ancq ,qf~~hefractke (as defined by the percent~ge,,;of,shea~) ha~’’beenus~~,.

,, ,, ,.,,,,,,,. ,.
to deter~ine transition temperature range and single values of the trans-.......,,..............-.....”........ . .......... ,. . ..4.+...................,,,, .<..!,,.... . .,,,

ithn temperature. Transition temperature results so found are shown in
,.

Table 4 for T-1 steel,and,,in,Table 5 for T-.2~@.T-2R::steels. ..

,,’,. In Table 4 relatimg to the T-1 steel, note that the transition

temperatures have been given for the various thicknesses, aspect,~atios

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 to”’rnaximumload in all except six instances.’ The

,.:. ,,. ...
transition temperature did no-tvary significantly from block to block for

., ,.

tbe 1/211thick plate or:for the 3/4Vtthick plate except that the trans-
,. -,

ition temperature was quite different ~m.blocks I and II for the Aspect

Ratto 16.* No reasons have been formulated to ,pxplainthis exception

It was thcmght bes% to incorporate all of ths data frop the various blocks

and determine the overall transition temperature for each thiclmess from

these composite res~ultsa Table ~“’summarizesthe transition temperature

ranges and the single values of transition temperature where both are

based on

ture for

the appe~rance of the fracture.

Figure 17 is a plot of the single

T-1 steel against aspect ratio for

involved. It will be

(AR) is aftected by a

one exception at AR 4

noted that transition

values of transition tempera-

te four plate thicknesses

temperature for any given

change in thickness with the thicker plates (with

far the 3/.4Mthick plate) showing the higher transi-

—— -- .——. ..— —. —
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tion temperatures: For a,given thickness of plate the transition tempera-.,..

tures also generally increase with an increase in the aspect ratio.

FigW.e 16 reprpse~ts a repetition of.Figure 17 with a second.,, ,,.

parameter, the width of the te$t specimens, added, In order to cog@ete..

this diagram, an extrapolation of the test results in l$ttthickness was

made to widths of 4 and 10 inches- .With th~ two parameters, thickness

and width of specimen shown together, it is clearly indicated that as

width is increasad, for a given thickness~ the transition temperatures
‘1 .

also increaseti This increase in transition temperature due to width

can only be accounted for by a modifying of the strain conditions at the
.+.

notch since metallurgical effects may be,assumed to remain constant for
-.:

a particular plate thickness.

Due to a combination of metallurgical and geometrical causes,
,.

transition temperature rises with increasing platethic~ess. Also, in-

creased thickness causes a decrease in the average stress at maximum load

for geometrically sitiler.specitierw ‘Perhape these tw~ facts may be

coupled together by referring the degree of localization of stress or

.,
strain at the nbtch to thickness

!:.,
When the transition temperatures are plotted on widt~,<as‘in

Figure 19, rather than onwidth divided by thickness, the cur~s’for the

‘&iffetientthickn~sses, a~though’n~t ’reversingin order as they were in

‘plottingunit energy valties~a~e seen’to rise less steeply and appear to

be more nearly para~lel.’” “-This mig~t b~ coti~~deredto indicate that the

geometrical effect of kidth had”i~{t~is i~ay’beenmore completely elimina-

ted than in Figure ~7~TR~~idual :differendesbetween different thicknesses

—. -.. .—
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4. on the{ei&& scale wo-tidthen:be’a~tribtiteidto”’fion-g~olietrical(metallur-

gical) causes. ; -’ : ‘ “ “4”.“-:“,:”’:.”””.: .’

The limited;”results-.oftests oh T02%te&l”.[F%@re 20) exhibit

the same trends p~evi6usly noted for T-l%t@el.’~:’Ths-transition tempera-

ture for t = 3/4n is abotit100 lower than f6rT=1:Steel. Here, this

difference may certainly be Attributed td’mdtallur~~ alone. The Iriamd
,, .

1P thicknesses, however, ha~e a transition temperature of’about the

same as

or firm

for T-l’steel. Insufficienttestsprevent any gdheral conclusion

compariso’tis~, .1.,,

Limitedliests ‘onT-2R st~el Indicate that the transition temper-

ature of the re-rolled 3/4? thidkplafes’ire about 400 higher than for

T-2 steel. (See Figure 20). It is etidegt’thai”’rnetallm~~alchanges

took place which incfiased the notbh=sensihitityd? fib*’T-2steel. (See

“ grain size classifictitions”under”~ection etititled~ml~~teri~sm).

,, ,: !,.’”” ‘:,”4. l“” 1.,;,,.,

CQ~LATION WITH TESTS BY OT.-
,. ,. ,.. , ‘ .“” ,,,,.,

The Univer~ity of California(2) has reported on wide plate
...!. ,,‘~,,’

tests for steel plates of 3/41]thickness in widths varying from 12 to
/!’:.

108’1,or interpreted in terms of aspect ratio, tests were made withAR

varying
greater

rose as

. . ..,

from 16 to W.
...

widths,there is
.:,

the width of the

.-, .-,r

Although only a few tests were made in the
,,“..,, ,.,.

an indication that the transition temperature
,, .,4 ,“ ‘. ,,

plate was increased, with a trend toward con-

stant transition temperatures at great wid-ths~ This is in keeping with.,: .,,, ., !. ,, : i ● .

the trend fo~d in this investigation. It can be inferred from the test
,,.,,,. .-F ,,, ,..-,,,..; 1.!,“ .,’. .,.,!..,!,.’ ,-;;,’:.

of the 1/2” and the 3~411thick pl,atesof this investi.gatlonthat plate
.,4,’ .::” . ,’~ ““.{.! :..,)...” ,’.’

., .-. -. —
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.,,
widthsof around 12w are nearly wide enough -Loestabl~sha “valuefor

transition temperatures bfinternally” notched specimeks of gr6at btdth.

The University of Ca”lifornla(2~reported investigations made

..
on geomettiically‘similarspecimens. The specimenS reported were edge --

notched; with the thickness varying from”l/2f~to 1 l/81t* The thickness

was “theas rolled “p”lata”thiclniessin each instance. Since the width of

the 1/21~thick specirnenmas”only 211~ i% may be seen tliatthe “aspectratio

‘was in the lower range, whereas the teats reported ~erein”cover aspect

ratios uy to’and including 20, Howeve~z’”ttietrend”’titransition’tempera-
.,. .,

“ture Shovii’ky;+heCAlifotiia tests, naniily,that transition tempertiture

may be expected to increase with plate thickness, confirms %he results

of this investigation, (Other California 2) tests using
,.

notched specimens with thicknes$’vaging

frgm 1 1/811thick plates, show that with.,

from 1/211to 1

constant width

31’wide edge

1/8”,all machined

and va~ng thick-

ness the tranqiti6n tmperqture is generally lower for the thinner plates.

The same type of specimen using plates of ~~a:rolladcrthicknesses 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. R. P~rker has reported(3) on work performed at the

University of California concerning the action mf geometrically similar,..

specimens which mere,a>l machined from ai~,ann:aledplate origi~ally ~t

thick, The speqimens we~e 3“, 6’1,and 3.2’1wide and 3/16n,3/8nand 3/4tt
.,

thi@c* The stress raiser W3S a squarehole in the center of the plate
,,,,

with its sides at 45 degree~ 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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thicknessz Prof~ssar Parker points out’ttit geometrically similar

notched specimens e~bit a marked size effect.’ This Qtatement was

made ~tiththe assumption that th6 specimens were metallurgically

<.
sitilar, arkl:~ht the s“izeeffects in.xstbe due to geometky.. Not enough

etidence is presented to permit a study of the trends and transition

temperature; ‘Professor”Parker contends that geometric similarity is

destroyed before the timum load is reached, This is a contention

which our intist~gatio’nsupports, sincb’1~ is”felt that after the crack

at the notch has become Vi&ibley the notch actity is essentially the

same in all specimens a“ndthat the “original””dimensionalsimilarity is

destroyed.
.. . ,.,,,,

CONCLUSIONS

The tentative conclusions permitted on the basis of test,,,<

results of internally notched specimens are as follows~.. ..:

1. Witp plates rolled from the same heat the thick plates shift from
,, ,’

shear to cleavage fracture at a higher temperature than thinner plates*
. . . ‘. ,.,.

,2. Transition temperatures, as judged by appearance of the fracture,
,.

for plates of constant thickness (metallurgy constant) increase as,,, ,., /.;

width increases, tending to become umifo~. for large widths,-
.. ..,’ ‘,”

.,3* The,averagemit stressatmaximuu.loadOf geometricallysimilar

notchedplatasindicat,e,sthat thickerplateswill withstanda
:. ..,:,,, \

:,mall?,rstressintensitythant,hinnerplates. The amrage uni,tstress
, ,,:

at maxtmumloadfor platesOf equalwidthbut of different,thick-
!,”. ,,?.’..”,.,,

nessestendstowardthe same valueregardlessof thicknass~

L .— —. .— — —.
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.

4* Unit energy absorption to m.@mumload for specimens failing in 100%

shear decreases with tncreased thickness for dimensionally similar

specimens; for plates of eqiml width but of different thickness the

thicker plates have a umit energy absorption greater than thinner

pl~t~Sm

5* Dimensional similarity of specimens d~fined by equal aspect ratios

does not establish geometric similarity of strah patterns when judged

6.

..

1.

2.

3.

by umit energy absorption for specimensfailing in 10G~ shear.

Differences in unit eqergy and transition temperature in plates of

different thicknessdue to non-geometrical (metallurgical)causes

are’not”fiompletelysegregated in comparisons made at equal aspect

ratio. It now appeads’’’th~{itisteadof aspect ratio (W *‘-1), another

function such as (W’~t~n), where m~ serv;”better foe segre-Q n>o’

gating the geometric from the metallurgical ef~dctsm
.,,
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1,

TABLEI-1

ispectRatio 4

Code: T-1 spe~imm si~e:l/2mx 2n

Block Spec. Temp. To VisibleCrack To Maximum Load To Fracture Xnergy % lnternal
No. 1<0. Deg Energy E Load EnergyEl Load EnergyE2 Lomd Difference Shear Notch

F in.lbs. lbs. in.lbs. lbs. in,lbs. lbs. E2 - El
in.lbs. +

Acuity

I A-3 o 2,740 46,500 6,4oo 52,000 U,300 14,0c0 7,9~ 100 1/32” notch
11 A-2 -lo 3,000 47,2~ 6,503 53,8~ 7,350 53,600 850 0 1?
11 A-32 ->0 3,200 47,500 6,750 52,900 14,700 l?,oco 7,950 100 n
n A-1 -18 3,200 .48,300 6,500 53,300 8,500 50, DO0 2,000 8
11 A-4 -20 3,250 47,30 6,350 53,600 11,6oo 1+1,000 5,250
!! A-31 -20 3,500 49@30 6,300 53,200 6,300

30 ~
53,2~ o 0 17

11 A-17 -20 2,700 46,500 6,350 53 ,o~ 13,800 17,000 7,450 100 17
11 A-M -64 3,850 48,200 7,850 54,000 7,850 54,mo o 0 11

11 A-5 o 1,69o .Q2,200 6,060 51,600 13,370 13,000 7,310 100 11
31 A-22 -25 1,990 42,800 6,800 53,200 14,200 15 ,Goo 7,400 100 If
11 A-6 -32 1,760 42,800 6,760 53,700 13,680 13,000 6,920 100 11
II A-23 -35 2,100 42,000 7,250 53,500 7,250 53,300 0 0 14
11 A-24 -@ 1,850 .L29600 7,350 5LS400 7,350 54,40Q o 0 11

la A-7 -52 l,w 42,500 6,870 54,700 6,870 54,’W3 o 0 It

Cole: T-1

Block Spec. Temp. To Visible Crack
No. No. Deg. EnergyE Load

F im.lbs. lbs.

111 A-9 o
tl A-25 -25
N A-10 -35
11 A-1.l -35
!1 A-26 -M
It A-12 -40

Iv A-1 3 0
Ur A-14 -233
rl A-15 -20
!1 A-16 -32
11 A-30 -42
It A-33 -55
14 A-29 -6o
71 A-34 -&+

l,m
2,400
1,950
2,100
2,500
2,200

2,800

39353
3,350
3,600
4,000
3,000
3,220
2,8CI)

43, ao
44,900
43,509
41+,500
.I+.J+,lW
44,200

45,5~
L7,500
47,300
L@,wm
.!+8,300
.L6,500
47,3@
48,200

TABLE I-1a

d~speckRatio 4 Centinuecl

SpecimenSize:l/2°x 2“

To hxinwn Load To Fracture Energy $ lnternal
Energy El Laad Energy E2 Load Difference Shear
in.lbs.

Notch
lbs. inilbs. lbs. E2 - El ]y

in.lbs. z
Acuity

6,350 53* 900 12, %0 13,0c0 5,950 100 1/321T hole
7?333 54,500 15,1C0 13,00Q 7,800 103 “
7,5fJo 55,0m U+,400 16,000 6,900 lm “
6,2oo 53,500 6,200 53,500 0 0 ‘1
6,800 54, 1~ 6,800 54,100 0 0 “
6,2oO 5L,400 6,200 54,400 0 0 “

5,850
7,200
6,6m
6,700
6,700
7,400
6,000
7,500

51,%00
53,1@3
52,800
53,803
53,200
5.J+,200
549~o
54,000

14,330
16,950
15,403
15,300

6,7oO
16,500
6,0c4)
8,000

12,CO0
13,000
17,Oco
17,000
53,200
16,000
54Yo~
53,700

8,450
9,750
8,WO
8,600
0

9,100
0
500

100
Mm
103
I-m

o
103

0
0

n

W

H

11

!1

n

u

11
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TABLE 1-2

A9pectRatio8

Code:T-1 Specimen~ze: 1/2!’x 411

Block Spec. Temp. To VisibleCrack To K.wimm Load To Fracture l?mev~y %
No.

Internal
No. Deg. EnergyE Lo&d Ener~vEl Load EnergyE2 Load Difference Shear Notch

F in.lbs. lbs. in.lbs. Ibs. in.lbs. lbs. F2 - El y
in.lbs. 4

I c-3 o 4,250 76,500 13,750 95,200 1.3,750 0 0 1/3211 hole

n c-8 ZL 3,750 72,5c0 14,500 ?3,7~ 37,000 16,000 22,500 100 n
II c-6 o 3,500 73,700 16,250 94,800 Lo,000 25,000 23,750 lCQ n
!! c-m o 3,370 73,900 15,000 91+,800 ‘w,500 20,000 25,500 100 II
II c-23 -10 3,750 73,700 17,000 95,000 40,703 16,OOO 23,700 100 II
II c-5 -lo 3,500 71,600 15,000 95,500 15,000 95,5Q0 o 0 !1
11 c-7 -20 3,750 7L,400 1s,100 97>7~ 2E,250 83,000 10,150 25 11

TABLE 1-3

AspectRatioM

Cede:T-1 Specimm Size:l@x 8“

Block spa . Temp. TO VisibleCrack TO Mxhtwi Load To Fracture We rg-y $ Internal
No. No. Dec. NnerqyE Load EnerRyEl Load EnergyK? Load Difference Shear

F
Notch

in.lbs. lbs. in.lbs. lbs. in.lbs. lbs. E2-E1 ~
in,lbs. h

Acuity

I
!1

II

11

11

11

tl

11

11
It

11

II

19

,8

It

1!

E-13
E-14
E-27
E-3
E-1
E-16
E-2
F-15

E-17
E-29
E-28
E-5
FA9
M+
EM
E-16’

+10
o
0
0

-10
-lo
-20
-21

Lo
30
20
10
10
0

-$

n ,000
11,500
9,500
12,000
10,000
9,000
10,000
10,000

6,8CQ
7,000
10,000
7,500
E,500
6,600
6,300
6,5c0

136,5oo
140,300
13s,500
143,600
140,000
136,800
139,200
140,600

132,300
133,m
139,200
133,000
132,800
133,3m
132,800
139,500

45>o~
50,000
32,5C0
46,5oo
4b,000
20,000
33,500
33,250

39,m
43,300
43,000
27,100
31,000
50,900
54,000
28,00’2

168,3m
173,100
172,000
177,000
177,400
160,500
173,000
175,200

172,500
172,5C0
173,900
166,500
169,000
179,800
177,700
170,500

117,000
125,000
>2,500
119,000
118,000
20,000
33,500
33,250

112,300
101,2CO
10F!,000

27,100
31,000
64,700
103,000
28,COO

20,000
26,000
172,000
15,000
22,000
160,500
173,000
175,200

20,000
15,000
20,000
166,500
169,000
170,000
94,000
170,500

72,000
75;000
o

72,500
74,000

0
0
0

72,900

57,900
65,000
0
0

13,wfJ
1+9,000
0

100
100
0

100
100
0
0
0

100
100
100
0

i
35
0

1/32”hole
11
It
II
II
11
!!
11

11

!1

II

H

II

II

11

,1



TLBLE I-3a

kpeet ~~kio 16 Continued

Code:T-1 Specinm S~ze:l/21!x 811

Block ,Spec. Temp. To VisibleCrack TQ ::kXiGIUllLost To Fracture Energy $
No. NO. Deg. Znerg:yE Load

Internal
EnerflyEl Lo~d EnergyE2 Load Difference Shew Notch

F in,lbs. lbs, in.lbs. lbs. in.lbs. lbs. E2-E1 ~
in.lbs. 4

Ac~~ity

E-7
E-q
Z-8
E-21
E-20
E-30

w
10
0
0

-lo
-lo

9,230
7,500
7,50c
7,0W
8,5CKI
6,030

135,300
133,800
134,200
133,700
lx, 800
134,00C

43,0C0
43,000
48,5C0
37,500
36,500
20,51?o

172,930
176,300
175,400
173,50C
174,500
160,mo

175,6oo
167,500
176,cKx3
172,&)0
176,700
M ,700
167,000

101,000
m9,000
113,500
37,500
%,500
20,500

116,5oo
33,0C0
41,m
80,0c0
126,500
29,500
27,500

20,CKII
63,900
1?,700
173,500
174,500
160,0m

58,Oco
66,000
65, OOO

0
0
0

100 1/32”hole

100 “
lCO H
o “
o “
o 11

,1

11

t!

11

Iv Llo
E-12
FP23
E-n
E-25
E-26
E-32

o
-lo

11,500
10,500

8,000
ll,m

7,500
5,500
7,50C

14c ,500
135,700
135, m
lx, 500
135,0C0
135 ,mo
135,000

46,500
33Jo~
41,GQ3
52,500
48,000
29,500
27,500

25,co0
167,500
176,000
ly , 5m

a ,000
166,700
167,003

70,om
o

100 II
o “

If

4; “
100 ~j
o rl
o “

11

It

M

11

17

-lo 0
27,500
78,500

0

-20
-20
-25
-35 0

I

TABLE I-l

AspectRatio 19

Code: T-1 SpectitmSize: 1/2” x ?.5”

-., - m--- m- 1,: ..:hl - f-,,.-,.!. m, 11. + Fnl>rn Trlna To Fracture Ener~y % Internal
ergy E2 Load Difference Shear...—~ —— Motch

+n lha 7hq. in.lbs. lbs. E2-E1 ~
in.lbs. 4

BLOCK apec, ltill~, LU VL2LULG U, =~r. ,“ “.U.., ,IU IL. -----

NO. No . Ileg EnergyE Load Fnm.uv 131 Load En
F in,lbs. lbs. L.-.w. ---

F-1 9,500 153,000 67,0W Zol,ooo 159,000 ‘y,oix 92,000 100 1/32”holeI

II
II
M

11

111
M
11

1!

11

it

203,.500
206,3#
205,000
194,700

155,000
1.60,0G0
152,000

32,250

30,000
25,003
21,000

194,700

91,000
~9,550
91,000

0

lm
100
100

0

F-6
F-4
F-22
F-5

8,5W
7,500
5,00Q
9,500

15.4,800
151},000
15L,500
160,200

6L+,000
70,450
61,000
32,250

20
0

-10
-20

11

,,

100
lCO

o
10
0
0

!1

31

II

11

If

11

206,500
207,000
195,000
208,Oml
207,500
197,000

156,oco
l#,ooo

29,000
75,@o
46,CO0
28,000

Ui,ooo
30,030
195,000
205,000
207,500
197,000

93,5~
93,000

0
14,030

0
0

8,000
9,500
9,5~
9,000
6,OOO
4,000

160,000
159,700
163,600
162,800
162,000
174,500

62,500
55,000
29,000
61,000
46,co0
28,000

F-7
F-9
F-17
F-18
F-23
F-8

o
0

-10
-10
-20
-60



TABLE 1-5

Asnect Ratio 4

Code: T-1 Specimen Size: 3/4” x 3“

B1 ock SFec. Te~p. To Visible Crack To Xaxinwl Load To Fr~cture Enerw % Interns.1
ho. No. Deg. Energy T Load Fnw~ El Load Ener~ E2 bad Difference Shear NOt,ch

F in.lbs. Mm. in.lbs. lbs. i~.lbs. lbs. E2 - El y
in.lbs. .4

Acuity

11 r?-15 o 5Y500 88,000 18,650 110,300 42,5CC
B-16 6,250

27,000 23,850 10Q .046rI Hole
-20 90,300 18,650 112,200 i+.)+,ooo 30,000 25,350 100 Ii

%4 -20 6,000 92,100 19,400 113,000 39,000 23,000 19,600 100 if

B-lo -20 6,075 92,%0 18,300 11>,600 19,470 113,400 1,170 0 !1
II B-12 -20 5,125 89,600 17,500 112,900 42,503 27,0C0 25,000 100 11

B-l& -30 6,250 83,800 21,300 114,500 21,300 114,500 0 0 II
B-1 -jo 4,L~ 87,700 17,250 11.4,50017,250 114,500 0 0 n

B-9 -30 5,525 90,000 18,750 113,900 23,150 111,000 4,40C 10 11
II B-n -40 6,000 94,000 19,425 114,300 20,500 114,000 1,075 0 11

I

TABIE 1-6

Aspect,RaLio 8

Code: T-1 Specimen Size: 3/4’1x 6“

Block Spec. Temp. To Visible Crack To MaxinnunLoad To Fracture Energy $ Internal

No. No. Deg. Energy E Load Energy El Load Energy E2 bad Di.ffermce Shear ilotch

F in.lbs. lbs. in.lbs. lbs. in.lbs. lbs, E2 -El ~
in.lbs. 4

Acuity

H 10
12
1

3
11 9

10
0
0

-lo
-lo
-20
-20
-30
-40

17,500
H?,000
18,000
19,000
18,000
17,760
1%,000
15,000
19,300

165,m0
165,300
W, 800
167,000
167,Go0
168,500
169,300
168,~co
175,800

54,000
44,0!)0
47,500
%,000
50,000
48,400
4(5,000
40,000
38,600

200,000
195,500
202,400
196,000
202,900
202,500
202,200
205,000
205,90Q

118,000
4.4,000
119,000
38,000
124,000
122,000
116,000
40,000
38,600

40,000
195,500
15,000
196,000
33,5~
35,0m
37,000

205,cmo
205,900

64, O@J

71,:00

74,:00
73,6oo
70,000

0
0

100
0
100
0
100
lm
ml
o
0

.046” Hole
11
It

Ii

11

H

n

71

II



Ti!RT3 1-7

Aspect Ratio 12

code: T-1 Specimen Sb2e: 3/4” x 9 ‘t

Block Spec. Temp. To Visible Crack To Wxiumn Load To Fracture Energy % Internal

NO* No. Deg. Energy E Load Energy El Load Energy E2 Load Difference Shear Noteh
F in.lbs. lbs. in.lbs. lbs . in. Ibs. lbs. E2 - El ~;

in.lbs. I

11 H-8 20 16,900 218,800 80,600 285,300 212,500 .45,o~ 131,900 100 .04611Hole
H-6 10 16,500 221,200 90,000 284,000 2oo,2m 40,000 110,200 100 M
H-7 10 17,500 222,2m 78,Oco 2f15,700
H-5 o

219,(I3O
16,500

20,000 lIJ,000 100 “
224,400 58,000 281,900 58,000 281,900 0 0 11

H-10 -lo 16,000 220,500 73,o~ 279,500 73,000 279,5~ o 0 If
11 H-9 -20 19,500 230,0W 62,800 285,500 62,800 285,500 0 0 11

TABLE 1-8

Aspect Iiatio16

Code: T-1 Specimen Size: 3/4” x 12”

Block Spec. TmIp. To Visible Crack To Msximum Load To Fracture Energy $ Internal

No. No. Deg. Energy 1! Load Ener~ El Load Energy E2 Load

F

Differefice Shear Not.ch

in.lbs. lbs. in.lbs. lbs. in.lbs. lbs. E2 - El ~

in.lbs. 4
Acluity

I G1 x 23,0MI 2~4,J@ 136,000 369,Om 350,000 50,000 214,000 100 .0L6~’Hole
G2 20 23,000 282,800 135,500 369,100 322,500 109,000 187,000 103 ‘i
G5 o 21,503 284,803 129,M0 379,5W 354,000 63,200 225,000 la) “

!1 G-3 -lo m ,OCC 287,800 129,000 3731400 341,a30 54,000 212,000 100 11

G4 -20 22,000 286,800 121,500 375>500 121,500 375,500 0 5 “
!1 G7 -20 24,000 294,8C0 F37,W0 359,C00 87,000 359,CO0 o 0 “

11 G6 +l+o 16,200 266,800 127,300 362,400 33$,600 35,000 211,300 103 “
G8 30 26,003 280,000 138,0Lm 366,500 13~,0Dl 366,500 0 0 “
G12 20 25,00) 281,Q30 134,002 365,7u3 365,000 15,00C 231,0c0 100 “

M G-l? 20 22,0C0 276,400 123,000 364,000 327,000 66,000
G1O 10 26,Y30

204,000
285,500 94,800

100 “
352,500 949800 352,5~ o 0 If

0-11 0 17,400 275,500 145,700 370,900 145,700 370,900 0 0 ft
!1 G-9 -lo 23,500 283,900 80,000 347,500 80,000 3L7,500 o 0 “
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TABLE 1-11

Aspect Ratio 12

Block Spec. Temp. To VisibleCrack To MaximrnLoad To l+acture Energy $
No. No. oe~ EnergyE Load Ener~ El Load Ener&vE2 Load DifferenceShear Notch

F in.lbs. lbs. in,lbs. lbs. in.lbs. lbs. E2-E1 ~
in.lbs 4

acuity

IV G? 40 32,c00 357,Soo 21L,o~ l@l,loo 599,o~o 22,000 385,000 180 1/16”hole
n G1 39,000 358,1+00194,0C0 483,0CQ 512,0m 79,MO
II

318,OCO 1’20 “
G2 $ 39,0m 36!3,000 200,000 487,.U30 395,000 363, ooo 195,000 55 “

,4 G6 30 35, m 359,000 203,500 i+88,5C0 218,500 l&, ooo 15,000 10 “

v G3 75 30,000 326,m30 198,000 449,500 5.L9,~o m ,000 351,000 lm “
r, C-7 50 42,5m 363,900 198,003 478,7~ 502,000 55,Om 30.L,000
,t ~G8 20 30,CW

100 “
354,800 122,020 468,403 122,000 4W,4CM3 o 0 “

,1 o-l+ 10 31,0CC 358,000 147,W0 480,0CK ll+7,coo 4~o,coo o 0 11

TLDLE 1-12

Jls ps ct Ratio4

Code: T–1 Suecimen Size: 1~11x 611

Block Spec. Tap , To Visible Crack To !Jaximm Lo&d To Fracture EnerFJ !$ Internal
No. No . Dep. Energy E Load Enerp.yH Low! Ener~y G Load Difference Shear Notch—. .-

F in.lbs. lb:.. in.lbs, 15s. ‘in.11>s. lbs. E2 - El ~
in.lbs. L

I
M

It

,1

If
It

rn
n
11

11
,1

II

,1

,1

,1

11

11

H

11

D-15
D-3
D-)+
W6
o-5
D-2
o-lb
D-16
0-13

D-9
D-17
D-19
B20
o-1o
D-18
D-8
D-n
0-12
D-7

38,5m
33>403
35,000
%,500
45,000
1+6,000
40,000
33,0~
28,2C0

32,500
35,CMJ
I+4,000
40,330
.!+4,000
.!+4,000
.K2,0HI
41,600
35,000
40,m

332,300
329,000
333,5~
331,500
340,500
3M, 500
3%,000
31.8,300
343,o~

328,500
322,000
3L3,500
3112,000
339,0m
339,000
337,700
336,000
320,003
327,000

104,000
109,500
110,000
90,000
115,000
108,500
110,000
119,0W
83,400

116,000
l16,0)o
110,000
100,2CC
106,ooc
115,200
119,000
112,000
118,000
114,000

40$,90C
405,000
401+,000
399,~o
39%,320
402,000
401,330
398,E300
427,600

415,500
./+0+,500
403,500
403,CO0
396,ooo
1101,800
4d5,000
399,CO0
392,500
38s,000

1011,000

109,500
157,000
90,000
250,000
108,500
255,(xIO
235,500
84,250

116,0Lm
116,000
263,ooo
102,200
105,000
262,000
125,000
2.JJ+,000
285,000
246,000

406,9CC
435,000
3M 500
399,@Jo
13,000
402,0m
1L5,000
125,000
426,o0o

415,500
.!+06,500
145,000
403,000
396,000
135,000
L02JOOC
135,GO0
120,000
125,000

0

0

L7,01X
o

140,000
0

L45,000
116,500

850

0
0

153,000
0
0

1/+6,802
6,000

132,000
167,o0o
132,0m

o

0

5
0

100

0

100
103
0

0

0

100
0

0

100
5

100

10C
100

3/32”Hole
II
il

M

n

,1

,,

,,

u

14

,1

n
1,

II

M

II

n
r,
rr



TABLE I-12&

Aspect Ratio ‘$

Code: T-1 Specimen Size: 1*1Ix 611

Block Spec. Temp. To Visible Crack To Maximum Load ‘foFracture Energy % Internal
No. No. Deg. Eneru E Load EnerW El Load Energy E2 Load Difference Shear Notch

F in.lbs. lbs. in.lbs. lbs. in.lbs. lbs. E2 - El N
in,lbs.

111 D-23 30 349OOQ 324,500 107,800
II D-28 30 36,OW) 334,90 lll,oco
?1 D-2L+ 24,000 301,000 106,om
II D-.27 z 27,500 309,C-oo 110,000
II D-26 32,000 325,3~II

100,600
E-25 z 34,Om 322,500 Izo,000

!1
! D-29 60 36jom 32$;300 l12;ooo71 0-21 20 14,000 26T,0~ 25,000

n D-22 83 8,0(m 236,300 ml ,0001!*4 G17 6,5oo 247,600
E

45,000
II;-SG17 6,2w 237,5~ 85,000
71*6 G-17 75 8,500 234,500 !M,occl
I*+3 G17 90 8,oO0 233,400 89,Mx)

* Cut from G17

404,400
W&, 50Q
40$,000
400,200
403,900
3999700
4m ,000
303,000
369,300
33$,500
375,0-00
3k3,m
361,500

107,800 LO4,4OO
llljooo 404,500
252,000 145,000
133,000 398,800
176,000 350,000
208*000 100,000
245;000 _=--,lg;o(x)
25,000 303,000
256j000 i209000
45,000 33~,500
85,000 375,000
58,COO 348,000

243,000 110,000

0
0

lL6,00c
23,000
75,@o
168,000
-J~3,000.,--

0

4
Acuity

0 3/32” hole
o “
102 n

5 IT

20 “
100 “
100..~
o J.H.Saw cut

mo “
o “
5“
o “
MO II

TABLE1-13

Aspect.Ratio 6

Code: T-1 Specimen Size: l+” x 9“

Block Spec. Temp. To Visible Crack To !~zximm Load TO Fracture ,j%ergy RX “Tllterflal

l\]o. No . Deg Energy E Load Energy El LCad Energy E2 Load Differerice Y=m !Iotctl

F in,lbs. lbs. in.lbs. lbs. in.lbs. lbs. !32-El 141
7,

in.lbs. L,

11 18 100,000 507,500 210,Oco 56L,0cc 568,000 185,000 358,000 100 3/32”~0~~
11 5 :; 67,000 459,500 200,000 56k,000 4/+0,0:0190,000 240,000 100 ‘!
1! 13 50 84,003 495,000 165,000 568,000 165,000 568,000 0 0 “
lt 4 50 70,000 @o,2C0 205,0Cc 568,500 477,009 155,000 2’72,000 100 “
If 16 4c 6.L,500 463,000 206,000 578,500 534,000 150,0m 3m,ooo 100 “
M 14 30 ,70,0W 480,0Q0 193,000 579,000 193,000 579,0m o 0 “
!1 15 @ 71,000 l+79,0m 203,000 574,0N 203,000 574,000 0 3 “



1,

TABE3 1-14

Aspect Ratio 4

Cede: T-2 Specimen Size: 3/4~rx ?rix 12rf

Spec. Temp. To VisibleCrack To MSJ&UUM Load TO Fracture Energy %
No. Deg. Energy E Load

Internal
Ehergy El Load Energy E? Load Difference Shear NotCh

F in.lbs. lbs. in.lbs. lbs.. in.lbs. lbs. E2 - El ~
in.lbe. L

XB-9

XE1

XB-3

x13-f3

XE-7

XE-6

o 5,0C0 94,000

-lo 5,000 93>5@3

-20 5>500 94,000

-20 5,750 96,703

-w 59590 94,m

-40 !4,5m 89,000

17,000 112,500 36,750 20,mc 19,750 100 .046°Hole

16,500 1.12,mo **375 35,000 21,875 100 11

18,250 114,200 25,0m 108,600 6,750 20 n

14,000 113,030 37,m 52,(M3O 21,000 60 n

13,625 114,000 13,625 lu,000 o 0 11

15,003 115,000 15,000 115,C-W o 0 H

1-15

Aspect Ratio 8

Code: T-2 Specimen Size: 3/L” x

TO Visible Crack TO Maximum Load To Fracture Energy $ Internal
Spec. Temp.

No. Deg. Ener~ E Load j?ner~ El Load Energy E2 oad Difference Shear Notch

F. in.lbs. lbs. in.lbs. lbs. in.lbs. lbs. E2 - El ~
in.lbs. 4

Acuit ~

XJP5 +10 10,000 161,700 l+l$,ooo .046’1204,500 103,OOO I+o,oco 59,000 100
Hole

Xo-1 o 12,000 165,000 43,~o 207,3W 112,CO0 25,000 69,000 100 “

XE-6 -5 10,OW 161,80Q U,ooo 204,800 102,000 40,000 58,000 100 “

XD-3 -lo 13,00Q 168,500 45YNo 206,500 54,0~ 198,000 8,500 15 “

XD-2 -20 12,500 169,500 .L6,50Q 20S,900 49,500 26,500 3,0W 15 “

XD-4 -30 10,000 164,0C0 28,500 199,000 28,5N 199,0m o 0 ‘1



TABLE 1-16

Aspect 8atio 12

Code T-2 Specimen Size: 3/4kH

Spec. Temp. To Visible crack
No.

To Maximum Load
Deg. Energy E Load Energy El
F

Load
in.lbs. lbs. in.lbs. lbs.

Internal
To Fracture Energy %

Energy E2 Lmad Difference Shear
in.lbs.

Notch
lbs. E2 - El w

in.lbs. T

ill-9 +10 15,m0 229,500 68,500 28k,700 185,000 )+5,000116,500 100 .046’1

XH-1 o 16,250 226,w 77,5m
hole

291,300 163,50c 70,000 86,000 100 ~fl

XH-7 -5 15,000 231,500 76,0cQ 293,500 155,000 215,000 79,000 50 l!

XII-8 -lo 15,0C0 231,700 42,000 276,500 42,CH30 276,50Q o 0 11

m-3 -20 16,5c0 230,wm 71,000 293,000 79,0m 281,500 8,000 10 11

m-5 -m 16,250 235,700 57,5CQ 293,002 57,50) 293,000 0 Ofl

TABII 1-1?

Aspect Ratio 16

Code:T-2 SpecimenSize 3/4fux 12’1x 24”

Spec. Temp. To Visible Crack To 5fzxLmm Load To Fracture Energy $

No. Deg Energy E

Internal

Load Energy El Load Snerg,yE2 Load Difference Shear Notch

in,lbs, lbs . in.lbs. 1’0s. in,lbs, lbs. X2 - El ~

in. its. L

10 30
6 20
15 20
1 20
11 10
3 10
13 10
4 0
5 0
14 0

-20
2 -20
8 -30
9 -40

21,000
20,000
21,000
1%,000
20,000
20,000
23,000
31,000
18,000
24,000
18,000
23,500
21,000
19,000

292, koo
296,000
301,200
296,500
294,500
295,000
301,600
309,000
294,500
302,600
300,000
304,100
308,801
312,600

116,000
12.6,030
130,020
130,0:’0
116,5C0
ll+o,o,20
66,000
113,02C
ll?,000
120,000
140,000
12k,500
122,500
7?,500

370,Loo
375,000
374,5C0
375,800
374,500
376,200
352,800
379,5m
373,500
37?,coo
386,700
392,000
391,200
379,000

335,000
300,000
279,030
300,000
291,000
272,000
66,020
1.26,000
207,0:0
W+ ,000
146,000
129,500
122,500
77,5~

25,0co
45,000

200,000
60, ow

11s ,000
182,000
352,800
37fi,ooo
323,000
364,500
391,9:0
330,030
391,200
379>000

220,000
174,0C0
lLL,000
170,0C0
174,500
132,000

0
13,Oco
90,030
44,000
6,000
5,000
0
0

1~~ .04k” hole
100

1,

55 ,E
100 ,1

,1

:: 11

0 11

10 11

30 ,1

15 11
10 11

10 11

10 11

0 ,1



TABLE 1-18

Aspect Ratio 4

Code: T-2 Specimen Size 1“ x 41t x 8’1

Spec. Temp. To Visible Crack To MaximnmILoad To Fracture Energy d Internal
No. Deg. Energy E Load Energy El Load Energy E2 Load Difference Sh~ar Notch

in.lbs. lbs. in.lbs. lbs. in.lbs. lb. E2 - El y
in.lbs. 4

Acuity

6 +20 9,002 153,400 29,0m 187,0C0 71,500 25,000 4-2,500 100 1/16”hole

u +10 12,003 163,000 25,500 187,500 68,000 33,000 42,500 100 11

9 0 10,500 165,000 24,500 191,700 71,500 35,000 47,~o 100 !7

7 0 12,500 168,500 25,000 191,500 70,000 30,000 45,000 100 !1

8 -lo 7,200 158,0C0 32,%o .193,CO0 56,500 167,500 24,000 30 II

1 -20 10,003 163,000 33,000 191,500 33,000 191,500 0 0 11

t

TABLF 1-19

Aspect Ratio 6

Code T-2 Specimen Size: 1!1~ 6!!x 8!1

Block Spec. Tamp. To Visible Crack To MaximJM Load To Fracture Energy 6 Intw na.1

No. No. Deg Energy E Load Energy El Load Energy IQ Load Difference Sh~ar Notch

F in.lbs. lbs. in.lbs. lbs. in.lbs. lbs. E2 -El ,?,,,
in.lbs. I

3 +20

1 .20
10

i 10
7 10
6 0
8 0
2 -lo

16,000

22,000
16,000
17,500
22,000
18,500
13,500
17,500

225,000

2.40,OQO
221,800
237,200
236,400
235,000
232,000
233,700

54,000

53,500
51,000
55,000
52,000
57,500
@, 500
52,500

270,000 131,000

271,800 138,0M
272,200 100,350
271,020 65,000
271,000 139,000
273,200 98,500
273,000 50,150
278,300 89,000

45,000

41,000
205,000
259,000
40,000
21.5,000
272,500
246,000

77,000

84,500
49,350
10,000
87,000
41,000
7,650
36,500

100 .046“
hole

100 “
30 “
22 IT
100 1’
33 “
10 “
33 “



TABLE 1-20

hspect Ratio 8

Code: T-2 Specimen Size 111x 8H x 121!

Spec, Temp. To Visible Crack To Maxinmm Load
No. Deg.

To Fracture
Energy E Load Energy El

Energy
Load

% Internal
Fmergy E2

F
Load Difference Shear

in,lbs, lbs.
Notch

in.lbs. lbs. in.lbs. lbs. E2”- El ~
in.lbs. L

6 50 28,0m 289,000 76,0XI 336,030 200,000 63,003 l12,0fM 1!20 1/16 IF hole

km 26,I+oo 293,600 92,5C0 3&2,6oo 200,000 78,0CKI 107,500 lCO n

1 30 20,5aI 280,5cQ 68,000 346,500 U7 ,OCO 287,000 62,5C0 30 H

2 10 19,500 281,8(M 88,000 346,80C198,000 130,mo 110,000 70 n

3 -lo 18,500 285,400 86,0m 355,6oo135moo 303,0C0 49,000 w 11

5 -20 17,003 292,900 80,0c0 354,1m 80,000 353J50C o 0 rl

TABLE 1-21

Aspect Ratio 12

Cede: T-2 Specimen Size: 1’[x 12” x 24”

Spec. Temp To Visible Crack To MaxtiwrJLoad To Fracture - Energy g Internal

No. Deg Ener~ E Load Energy El Load Energy E2 Load Difference Shear Notch

F in.lbs. lbs. in,lbs. lbs. in.lbs. lbs. E2 - El y
in.lbs. 4

Acuity

5 50 47,0~ 417,000 152,500 @,m 372, Wo 130,000 220,000 102 1/16 H hole

4 40 31,0m 3%9,500 163,000 L93,00Q 393,000 140,000 230,000 100 “

1 3 34,0m L03,000 157,0m I@,ocm 372,000 2y3,0cn 215,CG0 75 n

3~ 40,0CKI 43.4, m 152,0co l+98,0co 376,ooo 195,mxl 224,000 75 “

2 0 40,0c0 &16,500 105,OOO 49LOO0 105,000 494,~o o 0 11



TABLE 1=22,

Aspect Ratio 4

Code: T-2 Specimen Size I+” x 61f

Spec. Temp. To Visible Crack To Maximum Load To Fracture Energy %
NO. Deg.

Internal
Ener~E had Energy El Load Energy E2 Load Difference Shear Notch

F in.lbs. lbs. in.lbs. lbs. in.lbs. lbe. D - El ~
4

Acuity

XW2 10 30,000 345,600 9$,000 Q3,400 133,000 397,~ 35,000 10 3/32” drill
hole

X&l 20 30,0CHI 343,000 92,000 413,500 92,000 413,5~ o 0 It

XO-4 30 36,000 354,500 95,W0 .u5,000 208,000 215,000 113,000 50 71

x&3 .l+O 28,000 331,800 lm,ooo 1+13,200 210,000 170,000 110,000 100 H

x%5 76 35,0~ 334,90 94,000 400,900 224,000 145,000 lW,OW 100 !1

X0-6 100 37,~o 3U,200 82,000 396,400 222,030 145,m lLO,000 100 lt

I

-&
--J

TABIF I-21

AsEct Ratio 6

Code: T-2 Specimen Size l& x

Spec. Temp. To Visible Crack To Maximum Load To Fracture Energy % Internal
No. Deg. Energy E Load Energy El Load Energy E2 Load Difference Shear Notch

F in.lbs. lbs. in.lbs. lbs. in.lbs. lbs. E2-E1 ~Ji

I
Acuity

XH-6 w 52,002 5ol,ooc 155,000 59,5W 182,000 597,5~ 27,000 10 3/32”drill
hole

XH-5 Lo 52,0W 1+98,000 160,003 593,5~ 390,0m 175,000 230,000 100 !1

XH-1 60 62,003 .497,200143,Om 581,000 1.J+3,000581,000 0 0 If

XII-3 75 60,000 L92,500 lW,00Q 578,700 443,000 1L5,000 253,000 Ill 11



TABLE I-24

Aspect Ratio 4

Code: T-2R Specimen Size 3/.4l~ x 3“ x ).2”

Spec. Temp. To VisibleCrack To MaximumLoad To Fracture Energy % Internal
No. Deg. EnergyE Load EnergyEl Load EnergyE2 Load Difference Shear Notch

F in.lba. lbs in.lbs. lbs. in.lbs, Ibs. E2 - El ~
.4

Acuity

B-l 75 6,250 100,700 13,500 106,800 3.4,750 22,000 21,250 100 .046’1

B-4 74 9,0cm lm ,500 16,25o 107 ,Om 36,200 21,000 19,950
drtll hole

100 H

I

TABLE I-25

Aspect Ratio 6

Code: T-2R Specimensize 3/4” x 4*H x 1211

Spec. Temp. To VisibleCrack To MaximumLoad To Fracture Energy % Internal
No, Deg. EnergyE Load EnergyEl Load EnergyE2 Load Difference Shear Notch

F in.lbs. lbs. Ln.lbs. lbs. in.lbs. lbs. E2-E1 y
L

Acuity

7 85 11,000 130,200 23,000 154,300 65,000 30,000 42,000 10Q .0461idrill
hole

4 73 lo,om 129,300 32,500 152,500 75,000 31,000 .42,5M 100 II



TABLE I-26

Aspect,Ratio 16

Code: T-2R Spscimen Size 3/4” x K?r’x 24’i

Spec. Temp. To Visible Crack To Maximum Load To Fracture En erg % Internal
No. Deg. Ener~ E Load Energy El Load Ener~ E2 Load Difference Shear Notch

F in.lbs. lbs. in.lbs. lba. in.lbs. lbs. E2 - El 1
in. lbs. 4

Acuity

OR-4 60 29,0m 308,800 11O,OCO ?67,700 310,000 IAo,om 200,000 100 .0k61’ Hole

OR-7 50 26,002 302,800 142,000 374,w 337,0~ 35,000 195,m lco n

GR-3 40 27,000 309,500 124,000 376,9oo 285,000 215,000 161,m 60 “

GR-1 w 25,000 ?05,000 57,5~ 3k5,000 57,5cf3 345,cm3 o 0 n

GR-8 +10 27,500 311,500 138,000 384,500 1%,000 384,500 0 10 n

OR-6 -lo 27,0C0 310,000 1.29,000 ?s2,800 147,000- 30,000 18,COo 15 11

GR-2 -20 20,500 W7,8~ 68,000 368,000 75,@30 368,0C0 7,000 0 If

TABLE I-27

AspectRatio20

code:T-2R specimenSize 3/4nx 15” x 24”

Spec . To Visible Crack To Maximum Load %Te,mp. To Fracture llner~ Internal

No. Deg Ener~ E Laad Energy El Load Energy E2 Load Difference Shear uOtCh

F i.n.lbs. lbs. in.lbs. lbs. in.lbs. lbs. E2-E1 Y{
7

in. lb. 4

1-1 +50 38,00Q 373,0m 170,000 L51,9m U-2,o~ 60,000 272,000 lCO .046’7
drill hole

1-2 35 40,0C0 373,8c0 180,000 456,500 316,000 375,0m 136,000 40 “

I-3 20 34,0m 377,300 178,000 L61,800 230,000 449,500 52,000 20 “
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FIG,~-3p LOAD ELONGATION CURVE

SPECIMEN ~’iH-5, T-2

‘30”F, 0~. St+ EAR
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SWARTHMORE COLLEGE
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5WAFTHMOPE COLLEGE
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ELONGATION IN INCHES

FIG. ~-33 LOAD ELONGATION CURVE

SPECIMEN ~“XG-1, T-2

20”F, 100~e SHEAR

SWARTHMORE COLLEGE
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ENERGY TO FRACTuRE 71,5°0 lN– LBS.
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ELONGATION IN INCHES

FIG. m-35

LOAD- ELONGATION CURVE

SPECIMEN XC-9

CODE T-2

O*F,100% sHEAR
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dERCY TO FRAcTURE 12e,000 IN, LB$.
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H—...! I
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-. —.

II
12 .3.4,5

ELONSATION IN !NCHCS

FIG. m-34 LOAD ELONGATION CURVE

SPECIMEN ;’;G-4, T-2

O-F, 10 ~. SHEAR

SWARTHMOPE COLLEGE

[1-1-50

. .

200 MAX LOAD 194,000 LBS

FRACTUF!E 19!,500 L8S.

1
I

VI3.CRACK 183,000LB3.

150 /
I

w
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;

I

I
I

100 ~

ENERGY TO Vl$, CRACl! 10,000 lN. LaS.

— EN ERGr TO MAX, LOAD 31,000 IN LB%

ENERGY TO FRACTURE 3a,000 lN, LE5. N

5EEi3EBl
,1 ,2 .3 4

ELONGATIOF4 IN lNLHE$

FIG. IU--36

LOAD- ELONGATION CURVE

SPECIMEN XC-1

CODE T-2

-20”F, 0% SHEAR

SWAF!THMOUE COLLEGE
1-8-91

9WARTHMORE COLLEGE

11-20-50

-..
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—s ?ECIMEN SIZE: I 1

I r x .,,r .,, I

I
o
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ELONGATION IN INCHES

FIG. IIC-37
LOAD- ELONGATION CURVE

SPECIMEN xD-7

CODE T-2

10-F, 100 ~. SHEAR
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T : :4
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‘%%” I 1

0
,1 ,2 ,3

ELONGATION (N INCHES

FIG. m-3.9

LoAD- ELONGATION CURVE

SPECIMEN XD-B

CODE T-2

O-F , I O~. SHEAR

SWARTHMOFIE COLLEGE

1-10-50
SWARTHMORE COLLEGE
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1
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t
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I
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I
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I
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ELONGATION IN IN LHES

FIG. III-39
LOAD- ELONGATION CURVE

SPECIMEN XE - 6

CODE T-2

50” FJ 100% SHEAR

SWARTMMORE COLLEGE

1-.13-51

r I I I 1 1 1 I 1
I I I I MAX. LOAD 354.100 LB% I
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I

I
1
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n I 1 1
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ELONGATION IN INCHES

FIG. IIL-40

LOAD-ELONGATION CURVE

SPECIMEN XE - 5

CODE T-2

-20° F O% SHEAR

SWARTHMORE COLLEGE

l-r3-50

_
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I I I

14AX.LOAD 49~000 LBS.
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/

VW,, CRACK d14300 LB5.
400 /

I I /
300

I

!,3

E 2ca
\]

. I FRACTURE LO*D 195,000 L85,
ENERGY TO V15, CRACK 4QOO0 lN. LB5. I I II

t
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ENERGY 75 FRACTURE 370,000 IN, LB5. ~
I

100 SPECIMEN $12E:

I“X 12T’X 24,’

0
0 .2 .4 .6 .B 1.0

ELONGATION IN INCHES

FIG.111-41

LOAD-ELONGATION CURVE

SPECIMEN XG-3

CODE T- 2

20” ~ 75”/. SHEAR

SWAeTHMORE COLLEGE
1-25 ’51
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MAX. LOAD .U3,200 L@S

k
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~
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ELONGATION IN INCHES

FIG. III -43

LOAD-ELONGATION CURVE
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40” F,100”/. SHEAR
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I I I
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?

I
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[ 416, 500,0 s.

300

200 - ENERGY To, vls. cR4c K 40.000 IN LB3,

m
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ELONGATION ,N ,NCHE5

FIG. ID-42

LOAD -E L0t4GAT10N CURVE

SPECIMEN XG-2
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O “F, O?o SHEAR
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L5

5WARTWMORE COLLEGE
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r
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m
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x
ENERGY TO FRACTURE ‘1, I +4

100 —3PECIMEN ~,zE:
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0 I
0 .1 .2 ,3

FIG. 131-44

LOAD-ELONGATION CURVE

SPECIMEN xD-I

CODE T-2

20” F, O“feSHEAR

SWARTWMORE COLLEGL
1-25– 51
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o I 1 I

.l.2. ~4.5e .78.9
ELONGATION IN INCHE$

FIG. IU-45

LOAD-ELONGATION CURVE

SPECIMEN XH-5

CODE T-2

40” FI 100”/- SHEAR

SWARTHMORE COLLEGE

1“18-51
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o
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FIG. III-46

LoAD-ELONGATION CURVE

SPECIMEN Xi+-l

CODE T- 2

60”F, o“~ SHEAR

1 i 1
ENERGY TO vIs. CRACk 10,000 IN. LRS,

ENERGY TO MAX. LOAD 32,500 IN, LBS.

ENERGY TO FRACTURE 73,000 lN. LB$.
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I
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I
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I /
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.Z .3 .4 .5 6 7

ELONGATION IN INCHES

.-

...

ELONGATION IN INCHES

FIG. lJ1-47 LOAD ELONGATION CURVE

SPECIMEN ;“ B-1, T“2R
75*F, 100% SH EAR

FIG. 111-49 LOAD ELONGATION CURVE
SPECIMEN 3/; C-4{ T-2R

73”~ 100% SHEAR

sWARTHMORE COLLEGE

1!–!-50

SW& RTHMORE COLLEGE

11-1”50
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— ENERGY TO Vl$, CRACK 25000 lN.LB5-
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FIGIII-51 LOAD-ELONGATION CURVE
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ELONGATION IN INCHES

FIG. IU-52
LOAD-ELONGATION CURVE

SPECIMEN G- I
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FIG. IIL-53 LOAD ELONGATION CURVE
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FIG. IJI-54 LOAD ELONGA;j,ON CURVE

SPECIMEN z T-3, T-2R

20” F, 20>. SHEAR

5W4FTHMORE COLLEGE
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