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POEg §teeeenaChangot “weew-dud the slone is very smell (.01)e=w.®,
to " .bus the slope is vary sanll (,1)e—eee®,

ands  "ew—eeduring the later siages of Plastic flow
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201 wweeduring the later states of plastio flow
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Vatertown Aréenal Laboratory
Memorandum Report WAL 630/7-2

Problem Number H-3,U 1 October 1944

SUBJECT

TENSILE STRESS-STRAIN CURVES OF A 70-30 BRASS.

ABSTRACT

Tensile stress-strain curves of alpha brass specinens of
several grain sizes were determined. A simple relation between
yield strcength and grain size, such as thia one suggasted botween
hardness and grein size by Wood and Gougk for iron, was not found.
Wood and Bough suggestad thrt the hardness varied linearly with
the reciprocal of the squaro of the averrge grain dismeter. The
stress-strein curves ghoved t+o —rogiong in which the nature of the
plastic flow wee diffcorent, suggsstiag that the initial ylielding
of even alphe bdbraess is similar to taat vhich occurs in mild steel.
The results from thesc spoccimaens indicate that the logarithm of
the stress 1s n linemr function of the logarithm of the strain (ot
lonst from strhins of .06 to the strain to fracture). The slope of
those logarithmic stross-sirain curves was found to decrense with
incrensing yield strongth (decracsing grein size). The stross ro-
quired for fracturc scppecred to be relativelyunaffected hy grain
size, exccpt whon the sizo of tho grain boenme vory large. For
the very lerge grain-sis’ spocimens, the deformntion was very
irregular and the fracture strongths were comparatively low,
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The necessity for Crdnance designers and enginsers to under-
stand the plestic behavior of metals hns boen emphasized in
numerous reports fron this Iuﬂmra.tfry2 In order to implement
this understanding several studics™® < of the stress-strain
relations during plastic deformation have been mnde on steels hav-
ing various metallurgical structures. The interpretation of such
studics is complicated by tho immensc number of microstructural
varliables which are possible with stecl. An important structural
variable in steels i3 grain size, and i1t was desired to study its
offoct on the plastic properties. However, with steels, such a
study is complicated by the naturc of the structuros which occcur,
The structures of stoel found at room temporature generally cone
sist of two phrces and nre the result of transformation from the
single phase, austenite.
mechanicel propertics is difficult to dotormine, particularly

Just vhat groin size is important to the

pti

wr

since changes in austenitic grain size aficoct changes in the struc-

tures formed upon its raneformation. A fundamental study of the
cffect of the variablo grain size should logically begin with a

metal or alloy consisting of s singlo panse which doos not undergo

transformation whon solid. In order for such studies to bo of
direct importance to Ordrarce, 70-30 btrass was chosen, since it
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A brass containing 69.46 per cont OFHC copper, and the ro-
naindor zinc, was cbtaincd in the annealed coadition, with en
averege grain size of 015 mm. in the form of half-inch dismoter
bar stock, Certain proliminary sancaling cexperiments weroc
performed in order to detormino the suneeling tomporsturcs
which would produce » range of grain sizo, ond, on the basis of

these experiments, the annealinz tcmporctures listed in
Tnble I were choscn., The resulting grain sizes detormined

by motallographic oxnmination nnd comparison with the ASTH standerds,
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are also listed in this tadle.

After the annealing treatments, standard .357-inch diameter ten-
sile specimens having & 2-inch uniform geuge lcngth were machined
from bar stock recoiving a.'u{ oatments., The specimons were then
rulled in tension at a strain oF approximately 107 soc.”t, The loed
and elongation were measured uwp to spprorximetely a strain of .00,
the elongntion being mensured with an Olsen extensometor. The geuge
was then romoved and replaced with a special dimmeter gruge. The
dlnmeter and lond werc thon mensurod simultancously to fracture.
These measurements were made with the spperatus and by the techniqus
doscrided in a previous report3.

%33 ATD DISCUSSION

————— Y

As has been pointed oni uony tines {at least indirectly), the
yield strength and the tensile ctrength of single-phase alloys ine
creaso with decreasing grain size, In Fizure 1, the initial por-
tions of tho siress-stvain curves as obtoined with load-clongation
moasurcments arc plotted for the specimens of difforent grain sizes®,
Tho yield strength (stross at o given strain or strain offget) in-
cronsos with decrvesing groin size. Several investigators™® 7 have
shown that tio hardness of single-phase alloys veries diroctly with
the reciprocal of the square of tue a.vego.ge groin diametor. In
Figurc 2, teken from the papor of Gough’/, tho hrrdnoss of iron 1is
plottod as a function of this parametor. No aimple rolation of
this typo wns fcund botwoon the yield strongth end the greain size
for thosc spocimens over grain-size range investignted.

The curves of Mgure 1, as well as the data found in the stand-

ard compilations of mechanical properties of comnercial single-phase
alloys indicate that the stress-strain curvos during the initiasl

Jielding rise only very slowly even though it was well-known that

*Throughout this report, by stross 1s meant the lond
dividod by the instentaneous ares znd by strain is
nesnt the 1n $-orln 4o (for lergze streins; where 1,

o A
and A_ are the initial iongth eand n~res of the spocimen

and 1°and A aro the iasirntonoous length and nroe.
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thess materials are extremely woris-hardenable, Wilkinsg and Bunn6 o i
for example, in their recently published compilation of data for : B
the coppers and brasses indicate that the yield strengths of cop-
per and alpha brass in the annealed condition, as measured at dif-
ferent smnll strains, are very nearly the same. The significance
of this behavior during the initial plastic fiow has, however, no% -
boen discrssed. v

This anomnlous behavior can be vividly illustrated by the ce A
stress-strain curvcs over the whole range of plastic deformation R
from yield to fracture. In Figurc 3, such a curve is presented for ) :
the brass having the largest grain sizo*, This initinl slowly ris- T e -
ing portion of the stress-sirain curve follownd by a second more T 3
shaiply rising portion suggests that the nature of the initial yield- o
ing of coppor and brass is similer to that of mild steel®**, That is - .
to say, thet an initinl inhomogencous deformation is irnduced by the
differonce in proporties of tho strain boundaries ond the greins them- 7 o
solves, That the deformetion does not occur completcly by the formo- .v"
tion of local inhomogenoous flow is cvidenced by the fact that the RN
initial ylelding is not sharply defincd, as in the case of steel. It L e
is, however, most significant that there are two regions of plastic - S
doformation 31‘ fundamentally different chrrrcieristics. Recont
Inglish work( hns damonstratod that thie inhomozeneous type of yiold- .
ing occurs in metals other then steel. -

In a previous reporta. it ims shown that during plastic deforma~
tion and over a rather wide rr:.ze of strains, the stress veried as a
linear function of the strain raised tc a fractional power. TFor steels,
this power relation does not extend to fracture. ¥rom the data for .
copper and brass obteined in tests nerformed in this Laborstory, it N
appears that this power relation®*® bstwedn stress and strain is valid T

*Similar curves were obtaincd for all of tac bdrass speci-
mons tested. Figure 3 is typical.

*sIt is not correct to imply thet only mild stocl exhibits
this inhomogeneity of yielding (Piobert offect). Steels
containing higher carbon contcents ané structurcs othor
then proeutectoid farrite and pearlite elso cxhibit this
phenomenon.

#*sThis rolation differs from thet presontod for cold-
deformed brass and copver by MacGregor.
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at least from strains of about .06 to fracture. Therefore, when
plotted on logerithmic paper, the stress-strain curves are linear,

The slope of such curves (the fractional power) has been termed the
strain-hardening exponent. To illustrate this relation between stross
and strain, the data for the breases of various grein sizes are
plotted on logarithmic paper in Figure 4., Because the grain size of
the two spocimens annecled at the highest temperatures were large
(Table 1), the deformetion of spocimens was very irrogulaer, and the
stress-strain curves are somevhnt erratic., This method of present-
ing the relation between stresr and strain empbasizes the difference
in behavior during tho two rcgions of plastic {flow, ¥rom a strain of
about ,002 to & strain of about .06, the logarithm of the stress is
essentially a linear function of the logarithm of the strain, but

the slope ic very small (.01); from a strain of about .06 to fracture,
the logarithmic stross-strain curves arc also linenr, with a slope of
apvroximntely .5. Thus, the strain-hrrdening exponent during the
lator stoges of plastic flow is about 50 times theo value during the
initinrl yielding. ¥or stecls, the strain-hardeoning exponent sppears
to very with ths yleld strongth of the mntorial. The relation dotween
the slope of tho logarithmic stress-strain curves end the yield strength
of brass (varied by changing the groin size) is plottod in Figure 6.

As indlceted in Table 1I, the.reduction of sren is nlmost independent
- . ~¢ grain size,. until the size bocomes vory large. The stress required

sor frocture -pLears to decrorse with increasing size, but with the
grertest-ch .ge ~teury ng with £ chnangs from a grein size of .035 mm,
toa Bize of 1< '®m, )

John H., Hollomon
Coptain, Ordnance Department
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. TABLE I | -'M

ANNEALING TEMPIRATURES AND GRAIN SIZE OF BRASS

Annealing Grain .
Specimen Temperature Size - B

_Number _ (°c.) _mms, : *
As Rec'd. .015 .
505 .02
515 025

575 035
680 W12
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TABLE I1
PROPERTIES Or 3RASS SPECIMENS
Diameter]  Yleld Heduc- |
of Strength Ten= Frac- Strain | tion

Averags §
Grain
{mms. )

(Struin
of .005:

. W W -

.015
,020
.025

03
.12

oL. &
22.8
0.8
i7.2

13,0

}

1

sile
Strength

41000 9.8.5.) 4(1000 pos.i.’

54%.9
5241
517
47,7
46.3

ture
Strength
(1000 p.s.i.) |

tu
Frac-
ture

.of
Area
(%)

150.7
1.1
138.0
139.8
120.1

.140
138
138
143
128

15.3
4.5
.7
15.9
12.7

+20 12,8 44,7 122.4 119 1 69.7
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FIGURE 2 - LR
RELATION BETWEEN GRAIN SIZE AND HARDNESS '
FOR STEEL. (AFTER GOUGH)
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: FIGURE 3
TYPICAL STRESS STRAIN GURVE OF BRASS(SPECIMEN NUMBER 6)
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