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Closing Behavior of Internal Void in Plastically Deforming Body

MiyaJIRO OHMORL, AKIRA YAMAZAKI

Abstract— This report relates to a basic study on closing behavior of a circular hole at the center of
rectangular block during compression under plane strain condition. Two upper bound solutions dividing the
block into four triangular regions have been presented as the closing model of the void. The first solution
consists of the velocity discontinuity lines drawn from the vertex of the block to the intersection point of the
circumference of the void and the horizontal axis of symmetry, and the second one is made up of the velocity
discontinuity lines running from the vertex against the center of the void.

According to these solutions, the percent reduction in height necessary for complete closure increases
with increasing fraction of void. The longitudinal and lateral ratio of the void diameter, the area ratio and the
volume fraction of the void decrease rapidly with reduction in height. The relation between the area ratio and
the shape factor of the closing void was also examined.

The trends of the experimental results carried out by using plasticine model material seemed to be similar

to the first theoretical solution.
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2.2 ZEROEEBERMICHTD AR

7oy ) REREREZY , B2w, BX2h &0,
BRI D& D ¥R a, OMFLZERDS, EMEHFRIIC
EEh2 b, EHMICEN 2 a O HFICE LT R
feaBz b, CoLs, BEEREERSo1, Soz, So3
WIS 2 M E R RA Sy, Sz, S3 &5 L
(Fig.4), Zzhoicaod 2HBLER I, J2, J3
i,

o

L7
@ 53\/ / ~
: A

Qrﬂéi(/ S <>

a [N

\

Fig. 4 Upper ! ound solutions Sy, S S3 atan
arbitra «y period of compression.



88 TR F LEMPITER 328

Y - (w—a)?
=—U{h+ " U]
J1 J?U{ ——}
_ Y _ abh
= g U T
b Wyt
emr () ) ®
ah
Y g
&:=;E$U{h—b+h_b} ©
L1552, BRAERLEBRETIE, a>b, w>hei
D, .
J1< J2 < J3 0
DRSS,

PDIEDHR LY wo>h, BB 7 0y stEBIUZE

BHEERL, 22565828108 oT, EROUBE LT
EEBEICES ST, HEFERMS, XS L0, T
S 1383 & WNESHBELEROLABEFAL L
A

2.3 ZHOBRMAY

FIRDE I, BEROVEBBICEERE ~&E L, &
BEREGRH S S &0, 708213 Ss kD EVHEL
BEROLRMEBZELE, UTORITTI, EEX
W S BL U S I I EER OMBESEEEET S,
2.3.1 HEFEBEHBRS DBE
EROUMELEEBREO 1 /4 7 0y 7 OERRIE
Fig. b KRT. BemPELr &1L, EEBRO

P Wo
o el
//
//’/

- o

@ Sz\ ~7 _c'c
// 1
@
o AR
a

Fig. 5 Upper bound solutions S; and S,
selected for the calculation of void
closure.

HEhid
h=hy (1—1r) a

(1984)

TRbLEN, A LFBOUEALD

h —b=hy —a, ]
MR LIS Audis 57a0y, RODERWD LD
b=a,—h, "1 13
T ERR S O5E, EROE# ald,
a=+/al —nlr 0
WKLo TET B,
HE—FEOSLE, 1,/47 0y 71390
wh—%abzwoho—%a% 5
THEbaND, XL
woho =wh (1 +a) 19
1ol L
T(al —ab
a:_._(___;l_v_f‘h__l (17)
LIBE, az=00E xZROBSEMES, 03, W%
KANRAT B &
2
a= Z;%{1~(14§%'r) 1—(%%Y‘r2}
a8
D, 0 r=a,/ hy TROPNERLEWRS, &
riclohiCa=0 L0, ZEROMBMEEDS

SHWORTRSL LI B,
ab=0&73ss, ZROBMBEMNET T 5, R13F
L UL D EROBSEET &4k,

re= —2 19

BEBEWMOELILS,

-
TR ORI, R3EWEY

— o
R, m
i+— -r

o
THEZLN, THEROBKILE, A,=1ad /4,
A=Tab/4TEbT &

_f}_:(lﬂh_i.r)

o o

Ag 2o a,
4 (%)
- b 2
a
Y g)}
E18Be 11 La/ DI EROERL EFINSE T H

5o
Kﬁ@&a&%k%ﬁé”%@%%if~(“wﬂ/
whid, @ﬁ@%iff44 al) /woh, T%b?&



RFk, L SBEEETE AR op O PR IE DB S H) 89

K3, WBLURBLY

f, (1~%: r) /1—-(%‘3)2 ?
h, g 2
-t ofi-(1=00 ) /- (2e) )
THEZb6NS,
2.5.2 HEEREER S, OBE
ZoBEE&SKW, 2, BBLURNGHILILT S, 2O
Eh, R EFRBOLED SIREAEOL LIS e 673
W(Fig.5)
W—a=Wy — ag @3
LichioT, B O~SE: ald, W), 3, BT
@&

_r 80, (Wo .
_1 I ho+(ao 1) - r
a = = p tao 2
1—— 20 (-2
4 h, 4

L1585, ZOBE, RITEDLENZER OHtEI b =
0LBAEBEIWAE ro=8,/"h ETE>TH, ax0T
HbB, T, KR\, EROSEHHENT UL,
BEHUDMBET B EWND A D= XL OET ARRTH 5,
< DG OEBOMEBERG LR 5, R, UE
KANPSHAA LT,

T ,ho Cwo—'ao)r_(wo_ho)ao

a = @
4wt T a T
W 1~T~—ﬁ—(1—1—)r
ORI, r<1ITHEBORIETHEZNE, a=0
ETLBDIE,
Vo _
h,o !
Bl o
-0 1
ao

LD, ry M EOESHLEOD & X ICEROMEHE
BT EERR LTINS,

WIS DB OER O b, /2, HEHk A A,
BIUOHER I, ROFRDIHIICRDOLND

h T T
, e i-T e -0y

T
a lﬁz‘z—z (ZZ_I) r
T a, Wo
...__.____.—!_ __._-1 .
é':(1—~°r)'jL 2 Do <a° ) r(ZS)
AO ao 1_2.‘&_0“ (1_._”) ¥
4 h, 4
— _Z.B0y (Wo
L vk v A
T
(1-o{1-7 %’-kz(l—%‘-’) }

ZHOMBEMSTT 4501
R@W&LY

, I=00L&THBN5,

e g, o
o

LY, ThAERYERLTH B,

2.4 ¥fEFE

7oy ) OFHEEw,=25mm, h,=20mm &L,
ZROEREE 22, =7.0mm, 4.0mm, BLT 2.6 mm
WET 5 S, EROEBEIL,=192x1073% 6.4
X103 BT 26 X107 3BT 3, ChBORER
W, PR ORI K O EUERE AT o7

Fig.6 &, EHOMSEBK & 5T % ZR Owiffks
THEDOLTHD, Fig, 713, EHOMEL b2 0FE
SHOE r LK BEMART,

[e]
»

@ Experimental value

(ho=h)/ho

=

in  height
@
E

@
nN
T

S2

Reduction

Is S
1 L !/I 1 1/1 L
01 0.2
Volume fraction of void f

.

o
o
2

Fig. 6 Relations between reduction in height
required for closure start or closure
completion and the fraction of void.

Fig.8 3, ZROEBILA A%+ BIBDETE

HbLTH%,

Fig. 93, ZHOGEEf OFIHLEriCL3E

ft2R L, ZEOMBRELAR LTS,

EBICFig. 1003, ZHROERBL A A, ERE
a/b DEBRER N HDTH D,



TR A ST IR ER $328 (1984)

. Experimental value L 1.0+ ~<
-0 0 fo=2.56x10" < RN
°p o n B.42 o < \\\\
) o ~o
o © »19.20 » 5 ~—e
= > S~
- s Experimental value
o L S xperimen
005 ¢ ot 5256510
05 I ® promy 8 o
@ ¢ o o @ n B42
o © o ° © » 1920 »
@ ] @ <‘E L @
3 192x10° 0 ; . . —~ .
) A f" - 0 1 2 3 4 5 6 7
OO : ‘ 10 5 20 e Shape factor a/b
Reduction  r= (ho=h)/ho (%) Fig. 10 Relation between the area ratio and

) the shape factor of void.
Fig. 7 Influence of reduction in height on the
longitudinal and lateral ratio of void

diameter.
3. ERICKDEHBABEEHORE
1.0 ~o Experimental value

g BN o k25600 3.1 EBREE

< o n 642 - ERCIL, TIROA®T T AT 1 VY EETFARE &
3 v 1920 - LT Lice SA%42+2CBELTHOTHERNS 2
. . X 42 mm OBAIE S, 7 ) 7 it S RBREE A
P A W, FE#0 3 4 kgt embh A TR LEEE BT
& Ny COfEE BETO, 408 E0 26 mm OEES T
@ ’ \\193X10 ooy JICHRA LIZREETT L, dbflEzdid i &
<N i3 BRI D EFREAL, 2DTFAT VYT 07

o 5 10 20‘ P ZHLI L, BRIICAE 2w, =50mm, £ 2 b=

1 15 5 - o g .

Reduction  r = (ho-h)/ho (%) 40mm, EE30mmD7 8y 7 AEEL, FROE
B, BEHRICEBLT S,

Fig. 8 Influence of reduction on the area >3 2F 4 v UHEOER (23C)iCkd 3N —0
ratio of void. _ ) i
FHEMBOENKREFig. 11 CRT. 0FHK011
x10° ET, BhA L2kgtem? TERIB—EMBERLTE
204 S s 0, FEOL S mE LT LIt 77 X7 14 ¥
~

o N\ ©0¢ Experimental value Ve, MIZLMEEORENS SBEE LVEEAL

D)

FROE DI LTERIE LIcthRAAE SDT T AT 4 ¥
vy s AES30mn FECEESRET & L
FECERYT 5 FEOT AR L7856 & D BN
T, FEARARRICLOERER S, BB LT 7
25 4 vy ORI, 7Y vaHIcEE Lice BO

Volume fraction decrease f
(o]

@
o @
: e A, B 5 nm@BERT 7Y vEIEHEL, 772
0 5 10 15 20 25 = s - o B ZERE gy LA s
Reduction  r = (ho—h)/ho (%) 74 v OETICE 789 ER OEREREERRE L
7o
Fig. 9 Influence of reduction on the void AR OFEIAE T 4 v s ARERTIEA LTHIE

fraction decrease for specimens three
initial fractions of void. Lo



ARFR, LR IR ONBEROMEES 91

1.5
91-0r J/
v L
9
@ /
2 i o/
o5t/
Ly
L
L4
/
/
0 L L L 1 L 1 L Il 1 i 1 1 1 1
0 041 0.2 03

True strain

Fig. 11 Stress-strain curve of the plasticine
material at a temperature of 23°C.

3.2 SRERER

Fig, 12 HZBROMBET2BEEAR LB DTH 3,
B DEFT & &I, HERERR S L HLUOT~D
MPEEENZTHH I,

BHEIAEERELFig. 6~11 (RTEGBHMEE &
HICHWLTH B,

Fig. 6 CRTLHE, ZROMBEER TN
B LTRBD, chicst L, FAETET 3, ERELO D
THEEOESBLERTES b5,

ZEROMETER b /ald, Fig. 7 {ZRTELICE
Bz 0o h S EAAEER S1 OB iR ORI
PlLreadhdsiml, Lbb1,=192x107% o493
MO EBLCZhL O A HT 5,

(b) r=74%

(c)r=211%

(d) r=263%
£ 219.20x10"

Fig. 12 Closing behavior of void with ad-
vancing compression.



92 KIMAFLELARER $£32%8

ZHEOEREL A/ A DESBLENC L BEMAETT
FERREIE, £,=192X107° iCd 2 EERESER S,
&S, OEFBIMROPEICHAHET 2, BHSBWMOEr O
M X AEBEL A/ A, OBP OB, PiRDEER
BHEHR ST ZRVICREERE BT 5 (Fig, 8),

EROUBEE OBIRPR r ik ZERBEOEIZ,
£,=192x107° Diga  HERBRES, &S, %
AVATEHBOBICaE L, EOEMIEPIED S &
T AICENT S (Fig 9), L L, ZHok
BEWNSOEEE, RCH LN 5 & D CEROFRIC
i3, S REFRCT HFHEMRE L {—FT 5,
ERoPPELBAE (AN EANSONG,

Lrsic, ZROFRL a /b LEREE A/ A, OEF
i, Fig. 10 DL 2, T hOERE &7 OoaHHE(A
I, EEERR S KT ERR L L —FKT 3
ZEMbhd,

P OEBRKRCEBNT, TROKBEIMNEHLS
CERE L ERES—BLIELRY, $MABRET OS5
SEWOESEBBEOH NEL LB &, FRICKELT
TIRTqvvTay g LREETSICEE LR E
b, BEABMRICTACLOEEL LCEPbDEE
Zoh& D,

. % F
BIEMTE BT 2 WRTOEE OMFERE B 2 H <5

(1984)

fed, 2IRFTOMZER LRI >7 0y 7 ODEREF
W LR SEERAERBLRE L, FREARVTE
OEBEOMBEBE B2 BiT Lz, ZORR, 7oy JEA
70y 7 T e R OME & O S 4 k50
ERERR S1 5, BIEOUMBLUOEERE L bICk
DNSRBELERLE 2 | ZROBSBEENICHT 2 &
DBEOLERBESEZ 2, LbSEFAME ST X7 4 v
VERVIERBRE S, 2 OMBEETARTER OF
FINHBH & —BKFT D EMELBICH o7,

g2 & X ®

1) h8, B8 (), B0 (7)), BR, BEsnT,
22-251(1981), 1230

2) hE, B (), Ea(F), BN, hH, B
EMT, 23—-256(1982), 403

3) B, HErh, PR, AR, &k, 62-13(1976),
118

4) BESH, A, 8k, R, BE, LW, 67—
15(1981), 130

5) U. Stghlberg, H. Keife and M, Lundberg,
J. Mech, Work, Tech,, 4 (1980), 51

6) H. Keife and U, Stahlberg, J. Mech,
Work, Tech, , 4 (1980),133

7) KW, [, BT, 22-248(1981),927



