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FORl.'/OR.D 

It is believed appreci~tion cf the attached report will be 
improved bv the following amplifying comments . :s described in previous 
r eports, the block of heavy Class B armor from which samples are being 
taken for this study is a fairly coarse gr ained Ni-Cr steel plate formed 
from a 200 ton onen hearth heat poured into one inP,ot and reduced about 
3- 1/2 to 1 with for ging under a press . Under such circumstances a close 
agreement of reduction of area values for small tensile bars taken from 
eentral r egions of the plate is not expected. 

The investigation is part of a larger program with the objective 
of studying such armor br ittleness features ?scan be disclosed by slow 
speed bendi~g or te~sile testing f r om a size effect point of view. Pre­
vious v;ork has now shown large size effects are present in steel of this 
tvpe both unrler impact by projectiles and under slow speed testin~. The 
size effects are only observed i n association with deformation features 
which involve initiation and propoi;ation of cracks . 

flhether or not a ""'enuine" effect, an effect clearly outside 
experimental error , is disclosed frequently depends on the organization 
of the data. The maximum stress and reduction of area at this maximum 
stress both shm size effect in the careful shoulder tvpe tensile bar 
tests of this renort with enough probability to satisfy most readers. 
The authors ?.re cautious in their conclusions and the ~agnitude of the 
size effects shown Are indeed auantitativelv uncertajn. In spite of the 
warl"ing from the data of this reuort that the customary tensi1e bar test 
is poorly adapted to ouantitative studies of rough fracture size effects , 
there remains some prosoect that a grooved tensile bar, a different 
choice of size ranP,e , or both might result in a satisfactory tensile type 
measurement of fracture size effects . One benefit of such a development 
is t ~at i t ~ight simplify general use for evaluatin~ these properties in 
unknown material . 

R.epardless of the sitU8tion with respect to features asEociated 
with crackinP and fracture, the cylindrical tensile bar is unquestionably 
well adapted to study of size effects in the plastic domain. The fact 
that careful tensile testin~ of this typical heavy ermor mpterial fails to 
show measurable size effects in the plastic domain is of fundamental 
importance. 

G. ~. Irwin 

• 
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To : Drs. Ross Gunn, G. R! Irwin, and A. E . Ruark 

By: R. M~ Trimble and P. E •. Shearin 

SECOND REPORT ON Th'NSILE TESTS OF 

Copy _ of 30 .• 

A Ub-US t 28, 1943 

CLASS B ARMOR STEEL WITH SPECIAL REFERENCE TO SIZE EFFECTS 

In tr oduc ti on 

The purpose of this series of tests·was to extend the investi ­

gation of size effect with a wider range of specimen diameters 

and with more accurately made specimens, tested in holders designed 

to apply the loads uniformly and axially • 

.A former series of tests v1ith threaded-end specimens with 

diameters of 0.2 in . and 0 . 4 in . was discussed in Reports No . 19 

and 20 (Ref ~ 1 and 2) in which conclusions as to variations in 

mechanical properties, and as to size effect, were tentative 

because of the relatively small number of specimens . The flow 

curves were shovm by plotting true unit stress against unit elonga­

tion. The specimens studied herein were mRde with shoulder bear -:­

ings instead of threads and the flow curves are shown by plotting 

true unit stress against (A 0 - A)/A, where A 0 is the initial area 

and A the area at any given stress. This quantity is sometimes 

called "effective" reduction of area and we sbnll follow this 

practice al though the name is not a good one ~ The farmer series 

of threaded specimen tests has be0n converted to this basis and 

plotted for comparison . The ratios of the length of the cylindrical 
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portion of the specimen to its diameter are 4 and 1 . 875 for shoulder 

and threaded specimens, respectively . rhe size range now covered 

by both series is from 0.2 inch to 0.75 inch diameter. This moans 

a factor of 3.75 in diameter or ~bout 14 . 0 in specimen area . 

l,Vl th tho nsw type holders doscribed bolov! tho initial qlign­

~ncn t of' tho specimen with tr!0 pulling axis, and tho cc con tr_ic i ty 

of tho sp1cimon c0ntor , if any, can 00 tostod and moasurod . This 

was not tho case with the thread•jd holders . Whan throadcd holders 

ara us•Jd 0110 cannot mak0 any useful statcm,:mt as to ti.1.o origin of 

tho spr ·Jad of stress vnlu-.Js for n group of specimens of given size 

and oriontntion. If most of th'J spread were: duo to dof-Jcts of 

align.men t and occontrici ty , th'J uso of t~1;:; now holders should roduco 

it grc~ tly. As 'l ma ttor of f r.i.c t , tho now hold,Jrs reduce the spr0nd 

of th,) rosul ts but the improvement is not striking qnd th0 si tun. -

ti on C'.1lls for co.roful discussion . (Soc . I) . A chief advant!lgc 

of th0 nJw holders in s0'1rcriing for size off::cts is th::-.t the magni ­

tude of tho cxpDrim,mto.l Jrrors can be ostimatJd on tho basis of 

ac tuul m:J£1.surom m ts V!i th th·J sp~;cimcn moun t0d in its holdors . 

I . EXPERil'Bli:TAL DETATLS 

1 . Tho H oldors . 

Ono holder is shov.m di'l.gr:rnnnatico.lly, in S'Jction , below . 

To.a holder is made of 3- in. cold rolled st~ol turn.:id on ccnt,Jrs 

A 0.nd C . ThJ ball, B, through which tl1.; load is appli :d , ls 

adjustnblJ l~t,rQll 7 to hn.vo its CJntcr on thJ lin; of contcrs AC. 

Th:; b!'.'-11 racoiVJS th0 lo~d through a bonring block (not shovm) v7i th 

a sphoric~l indon t~ ti on prof orm-Jd by th:J ball i tsolf. ThJ spheric..,_l 

ar )'1. of cont".ct subt::mds n c .mtrGl 'l.nglo of ..,_bout 90°. 
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~:o se~ici~cu.ar discs 

/ 
/ 

Th-:i con tu ct surfn CJS of sp.1cimon '1nd ~1.oldors -:i.ro nccurn toly 

ground prrp_;ndicul'1r to th:.:: spoCEilOn i:ixis vr.i. th 8. tolcr2nco of 

0 . 0001 in. Boforo testing , th1J o.ssombly of holders -..nd spo cimon 

is mountod vertically on oxtcrno.l contJrs (A , A) !:'.nd rot~tad to 

dot:Jrmin.J th.:., occ,:m trici ty of tho sp JCira,Jn if 'lny . T:ic spoclmon 

mny be ~djustud 1'7.torqlly in tho holdJrs if nocoss~r~ . 

2 . Prop'7.r8. ti on ::1.nd Moun ting of Spoc im.:;"1S • 

Tho sp"Jcimons vEJro prop'7.rcd by l:1 thing O. 008 in . ov-:>r- s izc on 

body diD.Itl::;tor T.ith no tool mo.rks "..S d'.).;p -,.s 0 . 00 2 in . Tho di['.ll'.lotor 

is them roducod by grinding longi tudin'l.lly wi tr~ "· v1hool of <"tbout 

No . 100 grit ~nd ~ di'1mot;r of proper sizo to fit th0 fillot bot~Jon 

body :md sh:tnk . Tho reduction is '1Ccompl1shod by succo·saivo romov-:1s 

of m'1t-:irinl in ducro-..sing dopths of cut. 

TLlc ::ohouldors. :i.r:l ground to finish,' p .Jrp_mdicul'7.r to tJ.10 spo ­

cimcn c..xis . Tosts indic·!to ti:·-:-.t ~li6nm0nt of spocim::m in hold.ors 

is good '}nough to rolicvo ::my doubts .~s to tho u..riiform.ity of stress 

in tho pl'7.Stic dvm'u.n; thc.t is to sny, Jny non - U."liformitios V!hiCh 
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are introduced by the holders or the g e ometric form of the specimens 

(deviation frcm perfection) should be small compnred with those 

due to lack of homogeneity in the specimens. 

Inspection of the literature v10uld lead us to believe that 

these hol5.ers are at least a s good as those used in the investiga­

tions of Docherty and Thorne (Ref . 3) and of Morrison (Ref. 4) 

which vrnre carried out vrith the greatest care; but just o.s in the 

case of Morris on, the alignme11 t attainable by machining the ess en­

tial surfaces ton tolerance of 0.0001 in . will not prevent some 

falsification of the yield point of :J. substr.mce showing o. sharp 

brenk o.t the yield . To get such n yield stress it would be neces ­

sary to .use multiple extensometers similar to the •rro.~r worked out 

by Morrison . 

Howover, if vrn o.ro interested in th0 '.:l.Ver::=tge stross over the 

s pecimen cross section ut any specified point on the flow curve , 

small vo.ri.ltions fre,m perfect conditions of 8.lignmont a..11d centering 

should not effect the results u:,;., to the point v!hero cracks o.ctunlly 

form in tho s po cimon . As long o.s tho material continues to 1r.rork­

harden thore is a unifor.nizing c,cti on which tonds to pro servo 

corre ct o.lignmont . If one, side of tho spocima-i undorgoos slightly 

gr o":1.tor strain than tho oth1r this gro'ltor str::nn results in v:ork 

ho.rdcming 1.nhich chocks its flow o.nd ::illo,-:s tho othJr sido to cf'.tch 

up v.rith it . Slight irrogul:i.ritios of strnin ovor tho cross section 

will not approcinbly fo.lsify thv 1.vor'.J.go s tross, or tho nvorngc 

elongntion of a fib•:ir parallel to tho 'lxis , or tho reduction of 

s_r,:;2. . In pr8.cticc tho rcduc'Jd section is not trnly circul~r n.nd 

V'O o.11071 for this by to.king t 1r10 sots of m·.:':lsuromon ts of tho di'.lmotor 

c t t h.::, n ec k , in mutu'.J.lly porp,:mdiculnr directions. 
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Those idoo.s cn.nnot bo .:i.ppliod to '1. spGcimcn ,r,hich h'ls bogtm 

to fr::i.cturo . Any c.symmotry of lo~d on such o. specimen nill be 

cxpcctod to rosul t in c..syrnii1J tri c f'rn.cturo p 'l. ttorns undor oxtromcly 

nsymt otric lo ..... d; for QX!',mplJ, cr'1Cldng m i ght c om..1onco fc1.r from tho 

c::mtor . Afror tho onsrJt of cretcking , t o true nvor".go str.Jss ca.n 

no longor bo obt11inGd. Th,.t is , if 'i:o 1ivido tho lcn.d by tho ro­

m'1.ining 2.r.:rn. th·J number v_:-o got is not .,_n '1Vor'1gc ove r t ho 'l.ppo.ron t 

section, but only r:n 1.v::r11go OV')r tho unkno,;;n p 'lrt v.'h ich rom.,1. ins. 

uncrnckod. 

Tho reasoning :i.bovo concerning th-'3 offoct of !lSymmotry before 

incipi0nt fr'l.c turo lo::i.ds to tho id0n tho. t V!CJ nood not distrust our 

flon curves for thro~,dod spocimons. N'."1.turnlly tho m'"'.ttor ho.d to 

bo subjected to oxpcrimont'll test by making tosts nith holders of 

tho best possiblo construction , but tho results in Figs . 186 and 

18'7 do not suppor t tho idcn tl:nt tho v::1luos ni th tbron.dod spocim~ns 

'lrO ossontiri.lly inf.Jrior to thoso obtnin,Jd , :i th shoul der specimens . 

For this roo.son \70 believe th.r1_ t in considering sizo offocts up to 

tho point of incipient fr~cturo, tho thro~dod spocimcns should bo 

included ~ith tho oth::r~ . 

3 , Loc~tion of Spocimons . 

Tho mcch~nic~l ~nd m0to.llogr1.phic proporti~s of tho l~rgo block 

of Cl:1ss B ~rmor ( 4A443Al) from 'ilhich tho spccim::ms v:r~1ro cut hn.s 

b::on sufficiently described in Rof.1roncas 1 '1nd 2 . For prosont 

purposes it ,:,ill suffice to so.y th".t this 18 in. block shons n 

zone of tomporod mc.rtonsi to oxtonding ab out 3 in. from th.:i originnl 

f:1co o.nd th:1 t tho rom<J.indor is tompcrod b:--dni to v1hi ch is surprisingl:y 

uniform in hnrdnoss. Most of' tho npocimons come from tho b~ini to 

region . Thoir ori~;n t".tion is d.Jscribod by str>.ting tho direction 
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of the specimen axis relative to a right handed coordinate SJStem 

in which OX runs parallel to the length of the ingot and OZ is 

perpendicular to the original plate surfaces . Therefore , specimens 

with the symbols OX, OY , and OZ mg;y be called longitudinal, trans ­

verse, J:\.nd perpendicular, respectively . 

4. New Method of Plotting . 

Previously the tensile flew curves were plotted with true 

unit stress as ordinate and unit elongation as abscissa , Unless 

the neck rilways occurs midway betvrnen a po.ir of gnuge points 

comr,arn.ble curves for tvJO specimens cannot be obtained. The 

revised method already mentioned in the introduction, eliminates 

the effect of position of the neck . 

In going frcm the threaded specimens to the shoulder type the 

specimen shape vrn.s changed and it v:ould not be prncticn.l to mnke 

nny comparisons of the two on the basis of elongation, even if the 

r Q.tio of gauge length to diameter were made the smue in the two 

cases . This i s true becnuse the change in Sijecimen sho.pe causes 

a a light chrrnge in the distribution of the stress £>.nd strain along 

the specimen length . 

On the long cylindrical shoulder - type sp0cimen , in order to 

include the neck betv:Gen o. pair of gauge points , it vms necessary 

to make multiple measurements of elong~tion~ This was not done 

on the threo.ded series for since they were relatively short all 

brenks occurred botwo ,.m the single p'lir of go.uge points . Mca suro­

mcmts of 'lroo.. reduction vrnro rn.:..,_dc throughout co.ch test in all 

s0rics , o.nd it is obviously convenient to plot tho flov, curvos 

o.ga.ins t '.'. vri.rirtblo closely connected v:i th o.roo. rodncti on . Tho 
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physic'11 point involved is th".t vrn ,.._re intor0sted in tho conditions 

".t or no".r the sJction ,,:hich nil l fin"\lly bro~k , not tho conditions 

ovor 2. 1".rgo length of th;.1 Sf)Ochnon, most of v.'hich is in ,.:,, condi ­

tion of def orm'l. ti on c crrosponciing ~pproxim-:i. t0ly to thJ mri.:ximum lo,..,_d. 

The new method employs se,;ii - log'1ri tbmic plotting p"\per in 

order to spre'ld out the e'}rly st~ges of the flow for e".sy grnphicnl 

study . The use of the V".rio.ble (A
0 

- A) /A results in '1. sui t,,_ble 

spre~d r:nd yields n curve which is nec_rly strc.ight over ...._ 1--irge 

region . 

Figs. 1 86 o.nd 18? sho·v the flow cur-ves for thrended ".nd shoulder 

speciraens, res pee ti vely. Direct grnphicn. l c om1- ~ris ons cc.nn ot be 

m'l.de between these two sheets . The re"'.'l.der will note th .... , t slightly 

different vertic~l sco.les 2re used ~nd the number of cycles is 

not tne S'l.me . Hovrever , size ~.nd direction'll effects are comp[1.ro.ble 

in '1.ny group, o.nd betvrnen groups . 

II . TEST RESULTS 

1 . Tr,_ble 1 shows the body of the de!t'.: giving results in terms 

of m,ximum true stress , effective reduction ':1-t m~ximum true stress, 

'1nd lm.i t stress o.t mrJ.ximum lo".d . Percent'l.ge differences bet17een 

results for l~rge c.nd sm:::i.11 specimens o.re recorded to fncili t .-. te 

study of possible size effects . The method of recording lo~d 

in the tests v::-i.s the sc.me a.s described in Report 19, viz. r..n 

interv".l of '"tt le'lst fiv0 m.1.nutes betv,cen ;1.pplicrltion · -:::.nd re'..1ding 

of lo':d 1::fl.s used throughout . Ti1is obviously detr ..... cts from the 

v ..... lue of th0 first two propcrtios mentioned 'cbove , since , more 

often tlY1.n not, the finn.l rupture tnkes pl'lCO during the 8.p_plica.­

tion of n lo".d incr0~0nt . 



TABLE I. Ef fect of Size on Mnx1mum True Stress, Effective Reduc ­
t ion of Arce. nt Maximum Truo Stress , :md Unit .Stress 0.t 
M.'.l.ximum Lo::i.d . 

jRogion , ! Spec . I Dinm . · FrQc. j M'J.x . (A 0 -A )7A U. S . ". t 
:Diroct.:..on ·I No . i (in .) Typo i Stross3 ,.,_ t M:.x . Lolld 
! . I -1--P_~s_1_'x_1_0_-_._n_n_x_._s_t_r_o_s_s __ P_s_i_x_1_0_-_v 

' ; THREADED SPECIMENS 1------1----__..._ ___ ...._, __ -4 _____ _... _____ __,_ 

IMnrtonsi t 
I 0·~ I 
I 
IBftini te 
I 

' I I 123 I I o. 4 R , 12 3 .• 0 ; 0 • 2 9 42 1,2 .00 
123 Ia · 0 . 2 R J_} 26 . 0_

1 
: o ,;1"~7 Ios .15 

D.i.ff. - + 3 . 51& · - 2 . 4iJ - o7 . dJo 
I ! 15'7..5 '. D 8 I , 0. 4 cc l."3720 107 . 76 

D 8 0.2 cc j 

151 .0 1 . 3705 105.42 ! OY Ii\ 
i5Ir'f. + 4 . 3.L:~ +a.I% 1rr--+2 . % ! ,------+_.::;_ _ _..;...__._ ___ ,__ __ -4-__:.....;;:. 

JBc.ini te 
: oz 

-

. 
1B::1n1 te 

OY 

Bo.ini te 
OY 

123 II I 0 . 4 
123 IIo. 0 . 2 

R 119 .0 0.3777 
-ir ---,-1 14 . ;;_ 0----1--0 • 3 2 91 

106 . 06 
103.10 

! Di ff. ' 
-,---+-4 . 4% 

SROU £,DER; SP~CH~JS 
i 

i 
I I 

I ' I 
j 221n 15 R , 124.30 
l 221b 5 R 131.40 
; 215 ! 5 R : 121. 55 

I 
l 

+14. 8% +2.W, 

' . 102 . 45 
. 102 . 60 

I 

---_105 . 75 
103.60 

0 . 4963 · 102.75 
0 . 7379 103 .70 o·:1ro;...:7_;;5------.1.-0~2,.....;.;..,;,3_;.o __ 

Avg. \ l 125 . 75 
------1--•1r 1 . I - _3. 4% 

B-nni te 
oz 

I ; 

1

111 j3/4 R ; 106 . 70 0 .1901 ' 102. 55 
n--1-- 1 !'{14 R -t

1 

102 . s2 o :T4.~?--3.----; 1--0=-0,__ .;;....,2,....,0=-------' 
l r21 ! 3'/ 4 R . _1_0_7_._3_6 __ ....__0_._1_1_6_4 __ __,_1 n_o_. _ri_.in_x_. _ 

_____ ,_A_v-'g"-.. • _ _,1 ___ +-----'1--10_5--'-. 6_3_-+-_o....;•;_1_5_1_3 __ __,..'. _l_O_l_._3_8 __ 

Br-.ini te I 111 R ! 119 . 50 O. 4145 : 104 .05 
oz 1131 - R 10 .os o-~1505 i 101.50 

I 
~--- R 102...:. • ..,;.9.;.0--+--0.;_;..,,. l,...,5_2,,....,,8....---+-. """"1-=-0.,,...0 . .:... 9.,,..0--

112 b -«- 116 . 25-+--0 . • 3991 j 102 . 90 

R - Rough, A - '1.ngul":'.r, CC - cup 8.nd cone ( or p':.rtinl cup o.nd c one ) 



8 

The unit s tr ass o. t mo.ximum 1 o'J.d ~ppe.'J.rS to be of gre:.: tar V'!luc. 

Al though the mo.ximum lo:::d does not :\l~';"_ys occur '.1 t tf10 s:.iliv V?.lue 

of reduction, the physico.l condition of tha specimen is in r. 

cert'lin s anse the s rune for '\ll; n,,_mely , tho effect of work ~1'l.rd-

0ning in portions which cnn still undergo pl7_stic flow is in bnlrinco 

with thG 0f .f'cc t of raducod '.lr-:in "Ind of :my fo.c tors which vrnrl{ in 

o. w00-koning dirocti on. 

Tho m:-\XilllUm lo"..d is c.rri V'.Jd r. t not by a imp lo insp0c ti on of 

the t'.Jst d,t'l. shoJt , but by plotting , in tho vicinity of tho 

m'l.x:imum, '1 curvo of 1 O'"ld versus 'l.r.)'1 . 'l'h-:; l 0cns of tho mid- points 

of chords of this curv0 is plottr::d 'l.nd oxtondod to cut th 1 curvo. 

Tho quotient ,)f th:; coordin".tcs of this point givos unit stross 

o.t mnximum loo.d. This proporty is indopond:mt of th,) n'lturo of 

tho fr'.:'.Cturo '1nd tho f1.n ~1 l stross :\nd roduction . 

2 . No signlficc.nt cort':}lc.tion w.'J.S fou..11.d botr;::::m u:1it stress 

"..t m'1ximum lo:td :md m".ximu111 true stress in tho thr::n.ded series . 

tlowever, o.s seen in T'J.Jle 1, t~,ese com1Y,ri s ons depend on v~lues 

for single specimens in e~ch size p~ir . The retie of these proper­

ties v::ried from 6416 to 91% in these pn.irs . 

In the shoulder specimen gr;,ups the 11ver~1ges of these rn.tios 

~ere ~s follows : 

Group 

L".lrge OY 

Sm-:11 OY 

L'l.rge OZ 

sm..,_11 oz 

(Unit stress n.t 
Mo.x . lo".d) /0-.hx . 
unit stress) 

0.860 

0 .818 

0 . 968 

0 . 931 

Difference 



T.ABLE 2. ~CT OF SIZE OH TRUE UNIT STRESS (p . s , i. x 10-3) 
Fracture ty-_pos: R - rough, A - angular, CC - cup, cone 

SPECD-00! Direction, E!i'FECTIVZ REDUCTION - (Ao-A)/A 
Tvne l~O. Size Frac . Type o.uc 0.04 o.uo O.lb 

1231 o.4 in. OZ - R B7,9 96.9 106.4 115.1 
Thd'd_ 123Ia 0.2 i n . OZ - R 8'5 .1 94. 3 103.8 ll2.0 

Diff.°/o +3.29 +2 .76 +2.50 +2.77 

D8I o.4 in. OY - CC 73,2 87.2 99.9 109,2 
IT'hd Id D8Ia. 0.2 in. OY - CC 71.9 85 .2 98.2 107.6 

Diff .o/, +1.81 +2,35 +1.73 +1 .49 

12311 o.4 in, OZ - R 71.0 84.l~ 97.1 106.7 
Thd'd 123IIa 0.2 in. OZ - R 69 .5 82.0 95.0 104.4 

Diff.°/, +2.16 +2 .92 +2.21 +2.20 

221 3/4 in. OY - R 72.5 85.7 97.3 105.3 
Shoulder 211 OY - R 72.1 84,5 96.6 105, l 

232 OY - A 71.2 86.o 98.9 1o8.o 
Avg, 71,93 85.40 97,60 106.13 

221a 5/16 in, OY - R 73,7 85 .5 97,9 106,3 
Shoulder 221b OY - R 72.6 85.0 97.4 105,9 

215 OY - R 72.2 84.6 98,2 105.8 
Avg. 72.83 85.03 97,83 106.00 
Di:ff .% -1 . 24 +o.44 -0.24 +0 .12 

111 3/4 in. OZ - R 71.5 84,7 97.0 105.1 
Shoulder 131 OZ - R 70,6 83 .9 96. 0 102.6 

121 OZ - R 71.8 83 .9 96.0 106.2 
Avg, 71.30 84.17 96.33 101~ . 63 

ill 5/16 in. OZ - R 70. 5 83 .3 97.3 1o6.4 
Shoulder 131 OZ - R 69.9 82.8 95,5 

121a OZ - R 69 .5 82 .6 96,2 102.6 
121b OZ - R 70.3 83,3 96.2 105. 4 
Avg. 70.05 83.00 96, 30 104.Bo 
Di:ff . '{o +1.78 +1. 40 +0. 03 -0.16 

-

Mean 
0.32 Diff. o/o 

+2.83 

119.5 
117.6 

+1 . 62 +1.80 

116, 5 
113.5 

+2 ,64 +2 .43 

115,2 
115.0 
118.1 
116.10 

115,8 
115.4 
114.1 
115.10 

+0.87 +0,01 

+0.76 

-



TABLE 3 . Effect of Size upon Unit. Stress -'l.t I,'.'.o.ximum Lo".d . 
(Arrnnged in Size Comp'l.rj' so:?:i Grouos). 

l Reg:i. on Ii rec ti on ' 

I 

Martensi te 
oz 

Br.ini te 
OY 

I 
I 

f:i.inite 
I OY 

~'.:'.ini ta 
! oz I , 

~r:J.nsi ti on ! 
it'rom B!"\1.n. 
to E'"\rt . 

ox 

I 

Spec. 
No . 

Diam. i Dist:mce 
(in) 

1

1 between 

1centers 
· (in) 

123 I 0.4 
123 IC4 0.2 

D 8 I 0 .4 
D 8. In 0 .2 

D 8 II 0 . 4 
D 8 II o. 0.2 

123 II 0.4 
123 IIo 0.2 

D 6 I 0.4 
D 6 II 0 . 4 
D 6 Ila 0.2 
D 6III'J. 0 . 2 

I 
I 
1?/8 
I 
I 
(5/8 
! 
I 
I 

i 15/16 
I 
! 
l?/s 
I 

17/8 
: 1-1/16 
!5/8 
! 
I 

U.S. --:t t 
Mo.x. Lo'"'cd 

3 p.s.i . xlO-

112 .oo 
108 . 15 

107.76 
105. 42 

107 . 05 
103.20 

106 . 06 
103.10 

107.00 
107.70 
109 . 90 
112.00 

Difference 

+3. ff/o 

I 
C) ... iUULD~R SP'~Cl1vL!.a.i\J .::> 

--------------.-;-----4--------,...--------: 
~nini te 121 o. 5/16 

1 
I \ 100. 90 ! 

! OZ 121 3/4 ' 'i-f/§6 
no m'l.x. \ --

1 121 b 5/16 · \ - ! 102 . 90 
I I I i 
br.ini te 111 3/4 · il-l/4 , 102 . J5 
I oz 111 5/16 , : 104.05 

b:1inite 131 3/4 l1 1; 4 l 100 . 20 
: oz 131 5/16 ! - 1 101.50 
I I : 

h. "t 221 5/16, l ' 102 "5 r~- m01.Ye 221 ,,. 3/4 : ; l-l/S 1
,· 102 •. 45 

I
. \ 1 - 3/16 

1 
221 b 5/16 ! i 103.70 

bnini te 232 3/4 · ~2- 9/16 
I OY 215 5/16 

I 105.?5 
I 
. 102.30 

i 
I 
I of l - 1 . 470 

I 
! -1.~ 
i 
l 
i 
I cf 
j -0 .8;o 

I 

I 
: + 3 4..t I • I" 
I 
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3 . Another criterion used in the se ~rch for size effect in 

pl:i.stic flov-1 wets the 6 cmer:1l 1 osi tion of the 1ver"'!.ge flow curive 

for 1. given group. Ordln""tt3s ,)f the flow curve •:rnre t:.ken -:.t n 

nu.1nber of pl:.ces --n d ".re shov1.rn. ln T-bl0 2. The t..,ble s!10°:rs the 

s.1::.ller sprw1.d of results in studies of the shoulder- type speci ­

mens. 

On this b:i.sis both thre~.ded -md s~1.uuld0r specimens show o. 

slight ,.,_ver'"'.ge incre:--.se in unit stress z-.s ·ue go from snnll to 

lrLrge size . 

4. Fr1.c ture types ,_,rnre .:--.11 rough ·-,i th ,)ne Bxcepti on ,I'-iich h'1S 

been l";beled :tngul ~.r in '.1CCOrd'1nC0 with "'. cl '.S:Gifi-e,.._ ti :n by Mohl 

~nd Wells (Rof . 5) . 

III . DISCUSSION 

In se.J.rching f.:,r genuine size effects in tho tensile test ono 

must decide rrhethor h:.:: .;rill test r~ l,rge nurnbor of specimens \'!ith 

•)rdin-.ry precision, or - sm~ll number ·:,ith t~1.0 gre::i.test precision 

which c,,n be o. ttoined in :i rec.s ono.ble length of time. The choice 

depends on the homogeneity of the mo. terio.l. Little is :~•1own o.bou t 

the distribution curves for the Y".r1.ous mec►1<;:nici:tl properties of 

o. single l;:1rge block of steel; d~to. fr,::m different ingots or 

different he::-ts co.nnot thr:>w much light on tb.is question . In 

m:J.king the pr ogr'.J.m for the present inves tig:1 ti on vrn were influenced 

by extensive ~one - ho.rdness profiles, ruxming in --,_11 tnrae princip,..,_l 

directions in the block. These profiles shoued th"t through the 

tempered bo.ini te region the a.ver,,ga devi'.1 tion of tho h'"'.rdness from 

ic.s me:1.D vo.lue 1s only ... ,bout 2-;L Obviously '.1 glven u.YJ.ifor:nity of 
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h1.rdness is no cert"'..1n gu~ro.ntee thnt tensile stress properties 

will stow the snme uniformity , since the defects responsible for 

h:trdness v :,1. ri'.c'.tion m::y not be identic1.l with the r:mes which deter ­

mine v,ri 'l. tions of the tensile properties. Nevertheless , it 

seemed rens onc-.ble to m~ke pre.else tensile tests on ...,_ 1~el". ti v0ly 

sno.11 number cf specimens . The 1.pper:l.r""'.nce Df t he curves in Figs . 

186 ".nd 187 is ::i. f ...,_ir justific1tion of thi s proc odure . 

Now it is c~nveniont to c0nsider t w) gonar:-,,:1_ qu3stions : 

C'l.) Do tho d:i.t-,_ show size effects in tho moch",nic,.,.l qurntitios 

which refer to tho fr'l.cturo er incipion t fr",cturc? Th.Jso qu'."'.n -

ti tios Qrc (1) tho mnximum true stress , (2) tho roduction of Gro~ 

'lt mnximum stress , ·1.nd (3) tho olong".t1on "\t this stress . Wo 

exclude tho olong"'.. tion fr ...m cons id cir".. t1 on for rc;J.s ,ms st".. tod o:J.rli;:;r 

in th.J report. 

(B) D o tho d". t~ s ~1•::,1J1 o. size offoct of tho true stress "\S tho 

tns t pro cc :.ds from tho yield p .... in t to tho p,,in t wh,1ro cr'7.Cldng 

is ir:n.11.inont; in ether vrnrds , C'J.n sizo offoct bo d ot cc tod in tho 

dOm!'1.in cf plastic floyr? In p"\rticul"..r , vrn must c .... n8idor: (1) 

tho truo stross 'l. t m .. _ximum lo-:-.d , uhich doos not occur .-:i. t n,, c,1ns tan t 

v.-,_luo of tho roductiJn '7.nd (2) tho tru-J str0ss -i.t V"\rious v,.,luos 

).i' thJ r0duction . 

Thus, thoro <>.re f ur q_u~·.ntit __ os to c.:.msidor "'.nd Tn.blc 4 thro,:rs 

c ::nsidor".blo light :m thoir s ui t:1.bili ty ri.s mo'7.sur--:s Jf size offoct. 

Tho larger tho o.vor~go dovia tions cf a qu'ln ti ty fr:)m its moqn 

V'l.luo ( 0r tho 19.rgor th-:i t0t'J.l spr:Jo.d '.lr ,')und tho m.13.n vriluo) tho 

h'.'1.rdor it will bo to dJtact size affect vn. th a li,ni tod numb 1r of 

specimens. Wo s ,J:J fr.::m Table 4 tha.t th::: av0rngo deviations f' 0r both 
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sizes and both orientations of the specimens run a~ follows : 

Maximum stress: 3 . ~fo 

Reduction of area: 18.0fo 

Stress at Max. Load: 1.0% 

The deviations of the stress at given reductions are comparable 

with those o:f the stress at maximum load. This brief summary 

has limited utility in forming a p icture of the situation since 

the fluctuations are generally smaller for the OY specimens than 

for the OZ specimens . 

Table 4. Average Deviations and Total Spreads ·of Maximum 
Stress, Reduction of Aroa, and Stress at Maximum 
Load for Shoulder- Type Spocimons . Values are in 
Per Cent . 

Direction Diameter IZaximum Stress Reduction Stress a.t Max. 
Load 

..\vg . Total Avg • Total Avg. Total 
Dev. S.pread Dev . Spread Dev . Spread 

OY 3/411 1.8 4.7 9.0 26.6 1 . 4 3 . 2 

5/1611 3 . 0 7 , 8 11.0 25 . 2 0.5 1 .4 

O& 3/4" 1.8 4.3 14.6 42.1 1.2 2 . 3 

5/1611 6.7 15.0 37.4 76 . 7 1 .1 3 . 1 

Gen. Avg. 3 . 3 8.0 18.0 42.7 1.0 2.5 

While we expect siz0 effects to be largest in quo.ntitios 

characterizing the condition of tho specimen at fracture, it is 

just these quantities which fluctuat0 most, blocking our attempt 

to find these size offocts . On thv othJr hand, in tho domain 

before incipient fracturo, the fluctuations of tho true stross arc 

small so that more prociso statomcnts about sizo effoct can bo 

mado; but in this domain we oxpoct tho offoct to b o small from 

results of toa ts on notchod bond spocimons . 
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However, we should not take the attitude that these fluctua­

tions are our foes in searching for size effect . According to 

present ideas, size effects are due to the presence of inclusiona 

9.nd other weaknesses; thus .::i.n increase of fluctu o.tions of mechanica.l 

properties should be associated ¥Tith nn increase of size effects . 

We learn from Table 4 that the m:.ixirrmm stress i s much more useful 

than the reduction of area in looking for size effects in the 

domain of the t0st bordering on o.ctun l fracture . 

J,lso we mo.y stnte, without going into de t ails, thJ.t low values 

of the reduction e~ be correlated with areas of angular fracture 

or of brittle fracture on the broken speclmens. After trying 

this idea out on all our shoulder type specimens, 770 have consider­

a:ble faith in the u till ty of the frac t'u.re class if ica ti on discussed 

by Mehl and Wells {Ref. 5). Of course these authors point out 

that there is only 'l rough correlation between l ov, reduction and 

angul ar or brittle fracture, so th~t the subject doe s not permit 

precise discussion. 

IV. CO:i.,1CLUSI OHS --
The conclusions for this Class 3 armor st10l are as follows: 

1 . Confining attention to shoulder- type specimens , the !!_axi­

mum true stress shows a size effect of the expected sign, in both 

the OY and OZ directions . The effect of incre2.sing the diameter 

by a factor 2 . 4 is to lower the maximum stress 3 . 4% '.3.nd 4 . 4;; 

in these tv~o ca ses respectively. The 8.verage devic:.tions are suffi­

cientl y l ar go (of the ordor of.2 .4 ::md 4.3%, rosp0ctiv0ly) to block 

a definite assertion that tno size effect is gonuino . Tho r0medy 

lios in making largo numbers of tosts, witn lower precision . 

(rre.blos 1, 4). 
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2 . The reduction of ar e a a t maximum stress fluctuates so 

greatly that this quantity i s ~orthles s i n s t udying s ize effects 

in this steel. (Tables 1, 4 ). 

3. The true stress at maximum load a ppears at first sight to 

show a positivo size effec t , but we are i nclined to pl ace our chief 

reliance on data obtained with shoulder type specimens, and 'Hhen 

these are separately considered we find no eviden ce f or a size 

effect as large as 2%. (Table 1, l as t colunm, Table 3, and Table 4). 

4.-The general positions of the flow curves support conclusion 

3. These curves yield a multipllcity of independent comparisons 

of large and small spocimens at values of (A 0 - A)/A r anging from 

2 to 32 per cent . Thero is no evidence f or syst;Jma t i c development 

of a size effect as large as 1% (for sp0cimen diam0tors in tho 

ratio 2 . 4 : 1) as we pass ovor this domai n . Al so on t a king avoragos.. 

of the values for various reductions, the m0m sizo e ffect ovor 

tho whole domain is only +0. 01% for transvors o spoci mons and +0.76% 

for porpondicular onos . In making thoso comparisons many oxpori ­

mon tal orrors ( such as orrors in cal ibra ti on of tho t os ting ma chino) 

t0nd to cancol, but '.7CJ do not bvliovo tho data give any GVi donco 

of a gonuino sizo affect in plastic flow . (TnblJ 2) . 

5. It appears quito cortain that the tensile test is not well 

adapted to the study of size effects in armor steels. The bend 

test is much more rewarding . 

Thnnks are due Dr. Georg e Irv.rin who suggested this problem 

and aided us by many helpful discussions • 

.. 
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