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AN EXPERIMENTAL STUDY OF YIELD SURFACES OF
PRESTRAINED BRASS

J. MIASTKOWSKI and W. SZCZEPINSKI
Polish Academy of Sciences, Warsaw, Poland

Abstract-Experimental results for twenty-eight tubular specimens of a M-63 brass, subjected to combined
biaxial tension, are presented in the study of the effect of prestraining on the shape of the yield surface. Yield
surfaces are found for various definitions of the yield locus. The strain increments are also shown in the stress
plane in order to compare their orientation with the normality criterion. Moreover, the lengths of elastic
and plastic strain increment vectors are compared at different moments of loading.

INTRODUCTION

THE effect of prestraining on the shape of the yield surface was reported recently in
several papers. Most of these experiments were performed using simultaneous loading
of tubular thin-walled specimens by an axial force and a twisting moment. In the paper
by Jagn and Shishmariev [1] all specimens were prestrained by an axial force beyond the
initial yield locus, and next, after partial unloading, each of them was twisted using
different loading paths. Each specimen has given one point only on the yield surface.
In the work by Naghdi et ai. [2] all specimens were subjected to prestraining by a twisting
moment and next the shape of the yield surface was investigated. The proportional
limit was taken as the yield locus. A similar loading path was used in the experiments
by Ivey [3]. Bertsh and Findley [4] prestrained tubular specimens using various combina­
tions of an axial force and a twisting moment. A particular mode of loading was used
in experiments by Szczepiiiski [5]. Hu and Bratt [6] loaded tubular specimens simul­
taneously by a tension and an internal pressure, after prestraining by an axial force
only.

In the present experiments tubular specimens were loaded by various combinations
of an axial force and an internal pressure. Each of three groups of specimens has been
prestrained in a different way. For two of these groups the end-point of their prestraining
path was the same, but the prestraining histories were different.

SPECIMENS AND EQUIPMENT

The thin-walled tubular specimens were made of a drawn tube of 30 mm inner diameter
and 1 mm wall thickness. The tube had its own deformation history. The material was
M-63 brass containing 37 %of zinc. All specimens were annealed for 2 hr at a temperature
of 650°C, cooled with the furnace for 20 hr until the temperature reached 200°C and then
removed. Specimens were selected in order to obtain possibly uniform distribution of
the wall thickness in longitudinal and circumferential directions. The largest deviation
of the wall thickness from the mean value did not exceed 3 'Yo.
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The testing apparatus has two independent pressure installations. One of them
gives the loading of the specimen by axial force and the other by circumferential stress
only. The deformations have been measured by means of four ordinary resistance strain
gauges with 15 mm gauge length, applied on the surface of each specimen, two in the
axial and two in the circumferential direction at diametrically opposite positions at
mid-length of the specimen. In order to eliminate possible slight deviations from sym­
metry, the strains were taken as the mean value of readings of two gauges oriented in
the same manner. The measuring bridge used in the present work has the scale division
corresponding to e = 5.10- 5•

EXPERI~ENTAL RESULTS
Four sets of specimens, each of them containing seven specimens, were investigated,

in order to establish the initial and three subsequent yield surfaces in the first quadrant
of the axial stress (ITz)-circumferential stress (ITt) plane. In all experiments strains were
recorded five minutes after the stress increment has been applied. Then the next stress
increment was applied. For each specimen loaded along the prescribed loading path the
equivalent stress-equivalent strain diagram was plotted, from which stresses correspond­
ing to plastic equivalent strains ef = 0,01, 0'02, 0·1, 0,2, 0'3, 0·4 and 0·5~<. were found.
In this manner for each specimen seven points in the stress plane have been found. The
experimental curves plotted through points corresponding to the same value of equivalent
strain €f = 0,01, ... ,0,5% are further marked by subscript notation (JO·Ob·'· ITos.
respectively. Moreover, the point of departure from the straight initial part of the diagram
was determined. In this manner the proportional limit was obtained. It should be
emphasized, however, that the value of the proportional limit depends notably on the
accuracy of the extensometer and subjective estimate of the investigator. The elastic
and plastic strain increments were obtained from the axial stress-axial strain and circum­
ferential stress-circumferential strain diagrams.

Each of seven specimens belonging to the same set was prestrained in the same
manner. Next, after unloading, the strain gauges were mounted on its surface, and two
days later the yield locus of the specimen was investigated. The subsequent loading
paths were different for each specimen of one set and were realized in a zigzag manner
very close to the proportional loading. These zigzag loading paths were realized by
subsequently applying small increments of axial force and internal pressure. The largest
deviation from the radial path of proportional loading did not exceed 0·3 kg/mm 2

•

In the first series of experiments the initial yield surface was found. Each of seven
specimens with no prestrain was loaded along a certain radial path from the origin as
shown in Fig. I. The dashed lines show the proportional limit IT~~~p and ITh% limit curves
for the initial material. These curves are very close to the Huber-Mises ellipses.

In the second series each of the seven specimens was prestrained along the path
OA (Fig. 1) beyond the initial yield locus and then unloaded. Next the curves corre­
sponding to (J~rop, (Jb.Ol"'" ITb'5 were found. None of these curves show agreement
with either kinematic or isotropic strain-hardening hypothesis. In Fig. I vectors of elastic
dee and plastic dep strain increments are also shown. In Fig. 1 and all further figures the
elastic strain increment vectors are taken as equal to unity for comparison of their
length with the length of corresponding plastic strain increment vectors. The length of
plastic strain increment vectors enables us to observe the increase of the plastic part of
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Axial stress IJz

FIG.!. Limit curves for the initial material (dashed lines) and for material prestrained until point A
(continuous lines),
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FIG. 3. Comparison of the limit curves from Figs. I and 2.

Axial stress 6z kG mm-2

FIG. 4. Limit curves for the initial material (dashed lines) and for material prestrained until point B
(continuous lines).
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deformation. For proportional limit curve there is no plastic deformation. For the
(JI -curve it is of the same order as the elastic part and for the (Jh.o I-curve its value is

0·01
3--4 times larger than the elastic part. For further curves this plastic part of deformation
rapidly increases. One observes that plastic strain increment vectors are in general
normal to corresponding curves, but at several points remarkable deviation from
normality can also be observed. This deviation can be attributed to the fact that the
limit curves were found using several specimens, which could have slightly different
plastic behaviour.

FIG. 5. Comparison of the limit curves from Figs. 2 and 4.

In the third series all specimens were prestrained first until the same point A as in
the second series and next along the path AB (Fig. 2) and then unloaded along BCO.
The yield surfaces of thus prestrained material were investigated in the same manner as
before. Results are shown in Fig. 2. The (Jprop, (JO.OI and (Jo.s surfaces for the second
(dashed lines) and third (continuous lines) series are compared in Fig. 3. There is a
remarkable rotation of (J~rop-curve in respect to (J~rop-curve caused by additional sector
AB of prestraining path. The (Jb.s and (Jg .s-curves are, however, very close one to another.

In the fourth series all specimens were prestrained along the path OB (Fig. 4) and
then unloaded. Although the end-point B is the same as in the third series the proportional
limit curve (J~~op is different than the (J~rop-curve in the third series. Both curves are com­
pared in Fig. 5. Dashed lines represent yield curves for the third and continuous lines
for the fourth series. Also in this case the difference between (J0 .s-curves is very small.
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FINAL REMARKS

The results presented above show strong effect of prestraining path on the propor­
tional limit and 0"0.01, O"O'02-curves. One of the interesting features of the proportional
limit curve is its rotation shown in Fig. 3. Such rotation is not predicted by existing
strain-hardening hypotheses. The O"o.s-curves depend very slightly on the prestraining
path which is shown in Figs. 3 and 5. It was not the purpose of the present experiments
to investigate the existence of the pointed corner in the yield surfaces. All experimental
points are shown in figures, and corresponding limit curves were plotted through them.
The decision whether the pointed corners exist or not would demand additional experi­
mental points in the vicinity of the end-point of prestraining path.
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(Reccil'ed 3 August 1964)

Zusammenfassung-In dieser Untersuchung, die darauf abzielt, den Einfluss einer Vordehnung auf die Gestalt
der Fliessfliiche zu ermitteln, werden die Versuchsergebnisse fUr 28 rohrformige Probestiicke aus M-63 Messing,
welche einer kombinierten zweiachsialen Spannung unterzogen wurden, angegeben, und fUr verschiedene
Definitionen des Fliesspannungsortes die Fliessfliichen gefunden. Die Dehnungsinkremente werden auch in
der Spannungsebene gezeigt, so dass deren Orientierung mit dem Normalitiitskriterium verglichen werden
kann. Ausserdem werden die VektorIiingen der elastischen und plastischen Dehnungsinkremente bei verschie­
denen Beanspruchungsmomenten miteinander verglichen.

AOcTpaKT-B pa60Te npHBO.l1l1TCli pelYllbTaTbI HCClle.l10BaHl'I~ BllIIllHHlI nnaCHI'ICCKOH ,llet/JopMaUIIII Ha

t/JopMY rrOBepXHOCTH TeKY'ICCnl. 3KnepHMeHTbi npoBe.lleHbl Hl[ 28 TOHKOCTeHHblX Tpy6'1aTbIX o6paluax 111

llaTyHH M-63, 0 BHyTpeHHIIM .llllaMeTpoM 30 MM H TOllUlIIHOii CTeHKH I MM.

MCnbITaHlla npOBO.llHJUICb Ha cneUHallbHoM yCTpOf.tCTBe, B KOTOpOM l1Be He3aBHCHMbiC rll.llpaBlllI'lCCKIIC

CIICTCMbI .llalOT B01MOlKHOCT O.llHOBpeMeHHO lIarpYlKaTb 06palUbI oceBof.t CHJloii II BHyTpeHHIIM .llaBlleHlleM.

B KalK.noii 113 cepHii see 06pa3Ubl O.llHHaKOBO nJlaCTII'ICCKH .llet/JopMHpoBaJlIICb 110 no palHOMY .lllll!

KalK,llof.t cepIIH. AaJIee palJlH'IHblMH cnoco6aMH HarpYlKeHHlI KalK.llOrO H3 oGpa3uoB HCCJle.noBallacbt/JopM3

nOBepXHOCTH Te!cy'IeCTH. Haf.t.neHbI nOBepXHOCTH COOTBeTCTBYlOllUle PUHblM orrpe.lleJleHHIlM rrOBepXHOCTII

TeKY'ICCTH.

O.llHoBpeMeHHo onpe.lleJleHbl HanpaBlleHKlI npKpaweHKlI nllaCTK'IeCKOii .llct/JopMaUIlIl ,Illlll npoBepKIl IIX

nepneH.llIIKyJlllpHocnl nOBepXHOCTH TeKy'leCTIl.

Haf.t.lleHHble rrOBepXHOCTII TeKy'lCCTH xapaKTepHbl 311a'lIlTeJlbHbIM BJlHlIHHCM npe.llBapHTellbHoii ilet/Jo­

pMaUIIK Ha IIX t/JopMy. Oco6eHHO )TO OTIIOCHTCli K nOBepXHOCTliM "npon, "0'01. "0'02.

TIOBepXHOCTb COOTBeTCTBYIOWali npe,llcJlY npOnOpUHOHaJIbllOCTII B HeKOTOpbIX CllY'IaIlX nOBapa'l­

HBaeTCli.


