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FORWORD

It is believed appreciation of the attached report will be
improved by the following amplifying comments. !s described in previous
reports, the block of heavy Class B armor from which samples are being
taken for this study is a fairly coarse grained Ni-Cr steel plate formed
from a 200 ton open hearth heat poured into one ingot and reduced about
3-1/2 to 1 with forging under a press. Under such circumstances a close
agreement of reduction of area values for small tensile bars taken from
central regions of the plate is not expected.

The investigation is part of a larger program with the objective
of studying such armor brittleness features &s can be disclosed by slow
speed bending or tensile testing from a size effect point of view., Pre-
vious work has now shown large size effects are present in steel of this
tvpe both under impact by projectiles and under slow speed testing. The
size effects are only observed in associstion with deformation features
which involve initiation and propogation of cracks.

Whether or not a "senuine" 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 show sige effect in the careful shoulder tvpe tensile bar
tests of this revort with enough probability to satisfy most readers.

The authors are cautious in their conclusions and the magnitude of the
size effects shown are indeed guantitativelv uncertain, In spite of the
warning from the data of this report that the customary tensile bar test
is poorly adapted to cuantitative studies of rough fracture size effects,
there remains some prospeet that a grooved tensile bar, a different
choice of size range, or both might result in a satisfactory tensile type
measurement of fracture size effects, One benefit of such a development
is that it might simplify general use for evaluating these properties in
unknown material.

Repardless of the situstion with respect te features associated
with cracking and fracture, the cylindrical tensile bar ‘is unguestionably
well adapted to study of size effects in the plastic domain. The fact
that careful tensile testing of this typical heavy armor material fails to
show measurable size effects in the plastic domain is of fundamental
importance.

Gs R. Irwin
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SECOND REPORT ON TENSILE TESTS OF

CLASS B ARMOR STEEL WITH SPECIAL REFERENCE TO SIZE EFFECTS

Introduction

The purpose of this series of tests was to extend the investi-
gation of size effect with a wider ramge of specimen diameters
and with more accurately made specimens, tested in holders designed
to apply the loads uniformly and axlially.

A former series of tests with 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 wers shown by plotting true unit stress against unit elonga-
tion, The specimens studied herein were made with shoulder bearw-
ings instead of threads and the flow curves are shown by plotting
true unit stress against (Ay - A)/A, whore A, is the initial arsa
and A the area at any given stress. This quantity is sometimes
called "effective" reduction of area and we shall follow this
practice although the name is not a good one, The former series
of thresaded specimen tests has besn converted £t0 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 ars 4 and 1.875 for shoulder
and threaded specimens, respectively. The siza range now covered
by both series is from 0.2 inch to 0.75 inch diametser. This means
a factor of 3.75 in dlamster or about 14.0 in spocimen area.

With the new type holders described below the initisl align-
ment of the specimen with the pulling axis, and the accontricity
of tho spascimen center, if any, can bo tostod and moasurcd. This
was not thc casc with the threadsd holders. Whon throaded holdors
arc uscd onc cannot make any useful statemont as to the origin of
tho sproad of strgss valucs for a group of spocimons of givon sizo
and oriontation. If most of th: sproad wore due to dofocts of
alignment and cceontricity, ths use of the now holders should roducso
it groatly. As a mattor of fact, tho now holdors roduecs the spraoad
of tho rosults but the improvemont is not striking and the situa-
tion calls for carcful discussion. (Scc, I). A chiof advantago
of tho now holders in scarching for sizc offccts is that the magni-
tude of the oxporimontal orrors can be cstimatsd on tho basis of

actual moasurommts with ths spscimon mountoed in its holdars.

I. EXPERIMSNTAL DETAILS

1. Thao Holdors.

Ons holder is shown diagrammatically, in ssction, below.
Mo holder is made of 3-in. cold rollcd stosl turnsd on centors
A and C., Thc ball, B, through which tho load is appli;d, is
adjustabla latirally to have its contor on ths lins of conters AC.
Ths ball reegivss tho load through a bearing block (not shown) with
a sphorienl indentation proformed by ths ball itsolf, Ths sphorical

arsa of contact subtonds a contral angle of about 90°.
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The contact surfacos of spacimon and holdsrs arc accuratoly
ground perpondicular to the spocimon axis with a tolocranco of
0.0001 in. Bgefors tosting, tho assombly of holdors and spcceimon
is mountod veortically on cxternal contors (A,A) and rotntod %to
dotormine tho occontricity of tho specimon if any. Tho spocimon
may bo adjusted laterally in tho holdsrs if nocesaary.

2. Proparation and Mounting of Spacimcns.

Tho spzcimons wore proparcd by lathing 0.008 in. ovor-sizc on
body diamctor with no tool marks as doop 28 0.002 in. Tho dismoter
is then reducsd by grinding longitudinally with ~ whool of about
No. 100 grit and a diamotsr of proper sizo to fit tho fillet botwoon
body and shank. Tho roduction is accomplished by succcssive removnls
of matorial in decreasing dopths of cut.

Tho shouldora aro ground to finish, porppadicular to the spo-
cimon oxis. Tosts indicato that 2lignmont of spocimen in holdors
is good snough to rolicve any doubts as to tho uniformity of stross

in tho plnstic domain; that is to say, any non-uniformitios which
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are introduced by the holders or the geometric form of the specimens
(deviation from perfection) should be small compared with those
due to lack of homogeneity in tThe specimens.

Inspection of the literature would lead us to believe that
these holders are at least as good as those used in the investiga-
tions of Docherty and Thorne (Ref. 3) and of Morrison (Ref. 4)
which were carried out with the greatest caré; but just as in the
case of Morrison, the alignment attainable by machining the essen-
tial surfaces to a tolerance of 0,000l in., will not prevent some
falsification of the yield point of a substance showing a sharp
break at the yield., To get such a yield streas it would be neces-
gary to use multiple extensometers similar to the way worked out
by Morrisocn.

However, if we are intereated in ths average stress over the
specimen cross section at any specified point on the flow curve,
small variations froum perfect conditions of zlignment and centering
should not effect the results up to the point where cracks actually
form in the Spocimen. As long as tho material continues to work-
harden there is a uniformizing action which tends to presorvo
corrcct alignment. If ons side of the specimarundorgoss slightly
graator strein than the other this gronter strain results in work
hardening which checks its flow and allows the othor sido to catch
up with it. B8light irrcgularitios of strain over tho cross soctiom
will not appreciably falsify ths avorage stross, or the average
elongation of a fibar parallel to the axis, or the roduction of
arca. In practice tho reducod scction is not trualy circular and
wo allow for this by taking two sots of m:msuromopts of the diamoétor

2t tho noek, in mutually porpondicular diroctions.



Theso idoas cannot bo applicd to a spocimen which has bogun
to fracturc. Any asymmotry of load on such a specimon will be
oxpoctocd to rosult in asymmotric fracture pattorns undor oxtromcly
agym.ctric lond; for oxampls, cracking might comueonco far from tho
conter., Afror tho onsct of cracking, 1 ¢ truc averngo stross can
no longor bo obtaincd. That is, if wo dividce tho load by tho ro-
maining arca ths number wo got is not an average over the apparont
soction, but only 2n avorage ovar the unknown part which romains.
uncrackod.

Tho rcasoning sbovse concerning ths offsct of asymmotry bofore
incipicnt fracturc loads to the idea that ws nood not distrust our
flow curves for threadod spscimons. Naburally tho matter had to
be subjocted to oxporimental test by making tssts with holdors of
tho best possiblo construction, but the results in Figs. 186 and
187 do not support the idea that tho valuscs with threadod spoecimons
aro ossentinlly inforior to thosc obtainod with shoulder spocimons.
Por this roason wa beliogvae that in considering size offocts up to
tho point of incipiont fracturc, tho throaded spocimons should bo
included with tho othaors,

3. Loeation of Spgcimons.

Tho mochanical and motallographic proportiss of tho large block
of Class B armor (4A443Al1) from which the specimons wore cut has
boon sufficiontly doscribod in Rofgoroness 1 2nd 2. For praesont
purposcs it will suffico to say that this 18 in. block shows a
zono of tompercd martensite coxtonding about 3 in. from tho original
face and that the romainder is tomporoed bainite which is surprisingly
uniform in hardness. Most of tho spocimeons como from tho bainite

rogion, Tholr oriocntation is doscriboed by stating tho diroction



of the specimen axis relative to a right handed coordinate system
in which OX runs parallel to the length of the ingot and 03 is
perpendicular to the original plate surfaces. Therefore, spscimens
with the symbols 0X, O0Y, and OZ mgy be called longitudinal, trans-
verse, and perpendicular, respectively.

4. New Method of Plotting.

Freviously the tensile flow curves wers plotted with true
unit stress és ordinate and unit elongation as abscissa, Unless
the neck dways occurs midway betwsen a pair of gauge points
comparable curves for two specimens camnnot be obtained. The
revised method al ready mentioned in the introduction, eliminates
the effect of position of the neck.

In going from the threaded spscimens to ths shoulder type the
specimen shape was changed and it would not be practical to make
any comparisons of the two on the basis of sglongation, asven if the
ratio of gauge length to diameter were made the same in the two
cases, This is true because the change in sSpecimen shape causes
a 8light change in the distribution of the stress and strain along
the specimen length.

On the long cylindrical shoulder-type specimen, in order to
include the neck betwesn a pair of gauge points, it was necessary
to make multiple measurements of e¢longation,  This was not done
on the threaded series for since they were relatively short all
breaks occurred betwscn the single pair of gauge points. Measurc-
ments of area reduction were mande throughout cach test in all
sgrigs, and it is obviously convenicnt to plot the flow curves

against o variablo closgly connected with arece rgduction. Tho



physical point involved is thnt wo ~re interosted in tho conditions
at or noar the soction which will finnlly broak, not tho conditions
ovor o large length of ths spocimen, most of which is in o condi-

tion of deformntion ccorrosponding approximately to ths maximum load.

The new method employs semi-lognrithmic plotting paper in |
order to spread out the early stages of the flow for ensy graphical
study. The use of the variable (A4, - A)/A results in 2 sultable
sprend and yields a curve which is nearly straight over a large
region,

Figs,., 186 and 187 show the flow curves for thrended ond shoulder
specimens, respectively. Direct graphical compnrisons cannot be
mnde between these two sheets. The reander will note that slightly
different verticnl scales are used and the number of cycles is
not the same., However, size ond directional effects are comparable

in any group, and between groups.

II. TEST RESULTS

1. Table 1 shows the body of the data giving results in terms
of maximum true stress, effective reduction ot maximum true stress,
and wnit stress ot maximum lond. Percentnge differences between
rgsults for large and small spsecimens are recorded to facilit-te
study of possible size effects. The method of recording load
in the tests was the same 28 described in Report 19, viz. an
interval of at least five minutes betwesen application  and reading
of lead was used throughout. This obviously detrncts from the
value of the first two propertics mentioned nbovs, since, mors
of ten than not, the finnl rupturc takes place during the applica-

tion of a load inerament.



TABLE I. Bffect of Sige on Maximum True Stress, BEffcctive Reduc-
tion of Ares 2t Maximum True 3tress, and Unit Stress at
Maximum Lozd,

IRGgiDn, | Spec, | Diam, ' Proc, | MNax., | (Ao-2)/A U.se ot
;Directioni No. | (in.) ' Typs Stroa83 ot _ Mox. Logd
| | | psixl0~°. max. stress psixzl0~®
i THREADED, SPECIMENS "
Mortonsitd 1231 10.2 | R 123.0 | 0.2942 112,00
i ca Tes dn 108 | . & 126.0 1 0.4707 108.15
| DITt. | 1 B 5. 3. 5%
| 4 ' ! ! .
IBainite D8I 0,4 : cC !157.5' ! 1.3720 107.76
g oY N E Y O T 105, 42
| DEfr. | ! 4,30 | +0,1% +2.2%
! | | 1 1 5
Bainite 123 II |o & | B 119,01 0.3 106.06
0z Iﬁ% I 0,2 R j;g;& 0 0.3291 103,10
SFO0 LDER, SP,GIMENS
1
Brninite 221 /4 | R 124,82 | 0.5445 :102.45
oY 211 3/2 | R 119,16 | 0.4584 102,60
| 538 7 S 120.45 | 0.3680 105.75
Avg. | : 1 121.48 | 0.4570 103,60
. ]
Bainite |22la |5/16 | R 124,30 | 0.4963 1 102,75
oY | 22Ib 5718 R | 131.40 0.7079 103.70
| 315 5716 R | 121.50 0.5075 102,90
Avg. FIR5. S U.5606 102,92
5 i 56 i i | -3 o &0 =5l . O G =
Balhite |111  i3/4 | R }106.70 | 0.1901 1 102.55
0z 13T '3/% R | 102.82 | 0.1475 106.20
' I21 15/4 R 107,56 | 0.1164 0. MoXe
| Avg. 105.63 | 0.1513 : 101,38
Bainite | 111 5/16 | R 119.50 | 0.4145 | 104.05 |
0z 131 5716 B 103,08 0.1500 FI0L.50 |
121a 5716 R 102,00 0.1528 100,90 |
121b 5716 R 116,25 0.3001 7102.90 |
Ave. 110,43 0.2792 102,54 |
Diff. 4.4, | -45.6% -0.9%

R - Rough, A - angular, CC

- cup

and cone (or partial cup and cone)



The unit stress at maximum load nappears to be of greater value,
Although the maximum load does not always occur at the same value
of reduction, the physicol condition of the specimen is in n
certain sensSe the same for all; nomely, the effect of work hard-
ening in portions which can still undergo plastic flow is in balnnce
with the effect of reduced arca and of any factors which work in
a weokening dircction.

Tho maximum load is arrived at not by simplo inspection of
the tost data sheot, but by plotting, in the vieinity of the
maximum, 2 curve of lead versus arga. Ths locus of the mid-points
of chords of this curvs is plotited and oxtondod to cut tho curvo.
Tho quotiont of ths coordinntcs of this point gives unit stross
at moximum load. This proporty is indepondont of the naturg of
the fracture and the final stross and roduction.

2. No significant corralation was found botwson unit straess
at maximam load and moximum trusc stress in the thranded series.
However, ns seen in Table 1, these comparisons depend on valiies
for single specimens in each sigze pair. The ratio of these proper-
ties varied from 64% to 91% in these pairs.

In the shoulder specimen groups the averages of these rntios
were 28 follows:

Group (Unit stress at Differsnce

Max. load)/(Max,
unit stress)

Large 0Y 0,860
Small OY 0.818 +5,1%
Large CZ 0.968

Small 02 0.951 +4.,0%



TARIE 2, EFFECT OF SIZE ON TRUE UNIT STRESS (p.s.i. x 10‘3}

Fracture types:

R - rough, A - angular, CC - cup, cone

SPECTMEN Direction, EFFECTIVE REDUCTION ~ (Aq-A)/A Mean
D6 No. 5ize  |Frac. Type 0.02 0.0k | 0.08 0.16 0.32 | Diff. %
123T 0.4  in, 0Z - R 87.9 96.9 106.4 115.1
Thd'd 123Ia 0.2 1in. 0Z - R o ) 9k .3 103.8 112.0
Diff.% +3.29 | +2.76 +2.50 +2.77 +2,.83
D8I 0.4 in, oy - cc T3.2 87.2 99.9 109.2 119.5
Thd'd D8Te 0.2 4n, 0y - CC g do 85.2 98,2 107.6 117.6
Diff.% +1.81 | 42.35 |+1.73 +1.49 +1.62 |+1.80
12311 0.k in. 0Z - R TL.0 8h. L 97.1 106.7 116.5
Thd!'d 123ITa | 0.2 in, 0Z -~ R €9.5 82.0 95.0 10k, 4 113,5
Diff.% 42,16 | +2.92 |+2.21 +2,20  +2,64 |42.43
291 3/4 in. oY - R 7.5 | 889 | 973 105,83  115.2
Shoulder |211 oYy - R 2.1 84.5 96.6 105.1 115.0
232 oY - A 1.2 86.0 98,9 108.,0 118,1
Avg, 71,93 | 85.%0 | 97.60 106,13 116,10
221a 5/16 in, 0Y - R TIAT 85.5 97.9 106.3 115.8
Shoulder |221b 0y - R T2, 85.0 97. 4 105.9 5[
215 oY -~ R 72.2 8.6 98.2 105.8 i 3
Avg. 72.83 | 85,03 | 97.83 106,00 115,10
Diff.% -1.2% | +0.4% |-0.24 | 40,12  +0,87 |[+0.0L
11 3/ in.| 0Z - R 7.5 | 8.7 | 97.0 105, '
Shoulder |131 0Z - R T70.6 83.9 96,0 102.6
121 0Z - R T71.8 83.9 96.0 106.2
Avg, 71,30 | 84,17 | 96.33 104,63
i 5/16 in,| 0Z - R 1w | 853 | 973 106,4
Shoulder |[131 0Z - R 69.9 82.8 95.5
121a 0Z - R 69.5 82.6 96.2 102,6
121b 0Z - R 70.3 83.3 96,2 105,k%
Avg. 70,05 | 83.00 | 96,30 10k,80
Diff.% #1,78 | +1.k0 [4+0.03 -0,16 +0,76




TABLE 3.

(Arranged in Size Compariscn Groups).

Effect of Size upon Unit ' Stress at Maximum Lo~d.

' Region Spec. Diam. Distance| U.S. ot
Direction No. (in) betwean Max. Load = Difference
| [canters Dyl x10™
i | fan)
| "
| TEREADED bPECiM;fL |
b 1 i
Mortensite | 123 I 0.4 . | 112.00 " é
0z 125 Ta 0.2 %7/8 108.15 +3. 56 |
{ |
Rainite D8I. 0.4 107.76 l ” {
oY §63s 0.8 " (VO 105,42 +2.2%0 5
l i 4
Bainite D8 II 0.4 | 107.05 t
oY D 8 IIa 0.2 i15/16 103,20 +3.7% |
Bainite | 123 II 0.4 |n/g 106,06 +2 . |
| 03 | 123 1Ia 0.2 kG 103,10 : |
Transition | D 6 T 0.4 iv/a 107.00 §
from Bain. | D 6 II 0.4 1373 51 107.70 ;
to Mart, D 6 ITa 0.2 i5/9 109.90 |
oxX D 6IIIa 0.2 | 112,00
SHOULDER SF Jb.Li*" aNs |
Eint ! |
Bainite 32T & DflS- i 3/1 100.90
02 ;321 3/4 i 1;56 no mix. --
‘121 b 5/16 - ‘ 102,90 .
; £ i }
Bainite | 111 -7, S 102,35 _ :
0z b i 5/16 1 il /¢ | 304,05 {5 |
Bainite | 131 5/4 4. 1100.20 I_ 7 i
0z | 131 5/16 | 1/4 | 101.50 e |
Batatts | 221 & BA6. f4.4 ' 102.75 1 |
oY | 201 3/4 i%_é§§6 | 102,45 | -0.8% ‘
| L 221 b B/16 i | 103,70 ; |
i | i !
} i i = |
Bainite | 232 Bde . 1=l . 105.75 3 ad |
| o 215 Sne [B-8/18 it |

, 102.30




3. Another criterion used in the search for size effect in
plastic flow was the general position of the average flow curve
for n given group. Ordinates of the flow curve were taken 2t a
number of places nnd are shown in T-ble 2. The tnble shows the
smoller sprend of results in studies of the shoulder-type speci-
mens .

On this basis both thrended and shoulder spscimens show o
slight average incrense in unit stress as we go from small to
large size.

4, Procture types were nll rough with one exception which has
been lnmbsled angulnr in accordance with ~ cl-geifiertion by Mehl

and Wells (Ref. 5).

ITII. DISSUSSION

In searching for genuine size effects in the tensile test one
must decide whether ho will test o large numbor of specimens with
ordinary precision, or a small number with the greatest precision
which can be attained in 2 reasonable length of time. The chioice
depends on the homogeneity of the material, Little is lmown about
the distribution curves for the vorious mechanical properties of
a 8ingle large block of steel; data Ifrom different ingots or
different heats connot throw much light on this gusstion. In
making the program for the prssent investigntion we were influenced
by extensive cone-hardness profiles, running in 2ll three principal
directions in the bleock, Thsese profiles showsd thnt through the
tempered bainite region the averags deviation of the hnrdness from

its mean value is only sbout 2%4. Obviously a given uniformity of
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nardness is no certain guarantee that tensile stress properties
will show the same uniformity, since the defects responsible for
hardness variation may not be identicenl with the ones which deter-
mine variatiocns of the tensile properties. Nevertheless, it
Seemed reasonable to make preciss tensile tests on o relatively
small number of specimens, The nppearance of the curves in Pigs.
186 ond 187 is a falr justification of this procedurs.

Now it is convenient to consider two gensral gquestions:

(A) Do the data show size effects in tho mechnnieal gquentities
which rcefer to the fracture o incipiont fracture? Theso guan-
titics are (1) tho maximum true stress, (2) the roduction of arca
at maxinmum strosé, and (3) tho olongntion at this stress. Wo
oxcludo tho elongation fram considoration for roasoms statod carlicr
in the roport.

(B) Do tho data show o Sizo offect of the truc stress ns tho
tast procosds from tho yiold point to the peint whore crncking
is ipminont; in cthor words, can sigzo offoct bo dotseted in the
domain cf plastic flow? In particular, wo must considors: (1)
the truo stross at maximum load, which dcas not occur at a constant
valuo of btho roduetion and (2) tho trus stress 2t variocus vnlucs
of the roduction,

Thus, there arg feur gqurntit.iocs to considor and Table 4 throws
considernblo light on thelr sultability nas monsuras of slzo offcct.

Tho largor tho aveorago doviations of a quantity from its moan
valuo (or tho largor tho total sproad around the mean valuo) tho
harder it will bo to dotoct size offoct with a limitcd numbor of

spocimons. Wo soo from Table 4 that tho avorago doviations for both
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sizes and both orientations of the specimens run as follows:
Maximum stress: - 3,3%
Reduction of area: 18.0%
Stress at Max. Load: - 1.0%
The deviations of the stress at given reductions are comparable
with those of the stress at max imum load., This brief summary
has limited utility in forming a picture of the situation since
the fluctuations are generally smd ler for the OY specimens than
for the 0Z specimens,
Table 4. Avérage Deviations and Total Spreads of Maximum
Stress, Reduction of Aroa, and Stress at Maximm
Load for Shoulder-Type Spocimons, Values are in
Per Cent,
Direction Diasmeter Maximum Stress Reduction Btresi ag Max,
oa

Avg. Total Avg, Total Avg, Total
Dev, Spread Dev, Spread Dev, Spread

oY 3/4n 1.8 4,7 9.0 26.6 1.4 5;2
5/16" 3.0 7.8 11.0 85.2 0.5 1.4

0% 3/4" 1.8 4,3 14,6 42,1 1.2 2.3
§7IEY 8.7 15.0 37.4 i B 5 3.1

Gen. AVg. 5.3 8.0 18.0 42.7 1.0 2.8

While we expect size effects to be largest in quantities
characterizing the condition of the specimoen at fracture, it is
just these gquantities which fluctuate most, blocking our attompt
to find these sizs effects., On the other hand, in the domain
before incipient fracturs, the fluctuations of the truc stross are
small so that more prociso statoments about sizo offoct can bo
mado; but in this domain wo oxpcct the offoct to bo small from

rosults of to&ts gn notchod bond spocimons,
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However, we should not take the attitude that these fluctuae-
tions are our foes in searching for size effect. According to
present ideas, size effects are due to the presence of inclusions
and other wealmesses; thus an increase of fluctuotions of mechanical
properties should be associated with an increase of size effects;
We learn from Table 4 that the moximum stress is much more useful
than the reduction of area in looking for size effects in the
domain of the test bordering on cctual fracture,.

Also we may state, without going into details, that low values
of the reduction cex be correlated with aress of angular fracture
or of brittle fracture on the broken spscimens, After trying
this idea out on all our shoulder type specimens, we have consider=
gble faith in the utility of the fracture clasaification discussed
by Mehl and Wells (Ref. 5), Of course these aguthors point out
that there is only a rough correlation between low rsduction and
angular or brittle fracture, so that the subject doss not permilt
precise discussion,

IV. CONCLUSIONS
The conclusions for this Class B armor stisgl are as follows:
1. Confining attention to shoulder-type specimens, the maxi-

mum true stress shows a sizs effect of ths sxpected sign, in both

the OY and 0Z directions, The effect of increasing the diameter

by a factor 2.4 is to lower the maximum stress 3,4% and 4.4

in these two cases regpectively, The averags deviations are suffi-
ciently large(of the ardor of 2,4 and 4.3%, respectivaely) to block

a definite assertion that the size effect is gonuinc. The romedy
lics in making largs numbers of tosts, with lower procision.

(Teblas 1, 4).
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2. The reduction of area at maximum strsss fluctuates so
greatly that this gquantity is worthless in studying size effects
in this steel. (Tables 1, 4).

3+ The true stress at maximum load appears at first sight to

show a positive size effect, but we are inclined to place our chief
reliance on data obtasined with shoulder type specimens, and when
these are separately considered we find no evidence for a size
effect as large as 2%, (Table 1, last colwm, Table 3, and Table 4), .
4, -The generdl positions of the flow curves support conclusion
3. These curves yield a multiplicity of indepsndsnt comparisons
of large end small specimens at values of (A, - A)/A ranging from
2 to 32 per cent. There is no evidence for systematic development
of a size offect as large as 1% (for specimen diametors in tho
ratio 2.4 : 1) as we pass over this domain, Also on taking aveoragaes
of the valucs for various roductions, the mem sizo sffect ovor
the whole domain is only +0.01% for transvorse spocimons and +0,76%
for porpondicular onos. In making those comparisons many oxpori-
mental orrors (such as orrors in calibration of tho tosting machino)
tond to cancgl, but wc do not boliovo tho data givo any evidonco
of a gonuino sizo offect in plastic flow. (Tabls 2).
5. It appoars 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.
Thanks are due Dr. George Irwin who suggested thls problem

and aided us by many helpful discussions.
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