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Deformation Behavior and Crack Formation in Two Neighboring

Holes Perforated in Engineering Sheet Materials under Tension

Akio Takimoro, Hisaaki Harapa and Norio TSUKAANA

Abstract

To obtain basic information on the mechanical mechanism of ductile fracture, deformation behavior
and crack formation in two neighboring holes perforated in sheet materials have been investigated.
Experiments have been performed with variations in mechanical factors such as a relative inter-hole
distance (§/d), an arranged angle of two holes (¢) and the applied plastic strain, and in material ones
of an mean grain size and a strain hardening exponent in copper and SS-4],

Holes introduced in a close distance to each other are deformed quite oddly under tension, depending
mainly on the arranged angle. The deformed configuration of them is able to be expressed by an ap-
proximated ellipse with supplements of intrusion and/or protrusion. The linear distance connecting
centers of two holes varies with plastic strain and is given in two different definitions of a geometrical

center and a shifted original cross one.

Cracking at and around two holes has happenred in both ways of protrude and intrude cracking which
may result in the linking mechanism of two neighboring holes depending on the variables studied.
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Fig.1 Specimen geometry employed

Vol. 32 No. 2 (1982)

HEANG R - MY - e

3. BRLLIUVER

EHEOI L, a2 MILOBREE A YT 2
DIZHE L5 R PIE & LT, M s
Utz 1L S RIS e 3siF 5 RIS DU T i
IR AR TR iU 1 AL AR O A
DM, P TTEUTE PR ERL, D
VLS Mo St & ON R kafl b DB L2 BB O A
ST THD = LER L TFOEDE AN
MHEOMITEERC L s TRETE D Z L a2HEL
Twab. CoE b T hi, 1A GR
FEAOT R BT LK 5% DS P T
FARTELDD. XLICERHIR L 2T E Db T
FThOEEYE L TeEhfb T2 2 ik b, JEW
WWIEHC (£ 2%DHHENT) 1 MFLERIR A GE W
k?é:km&%b,749ﬁJ/t1~ﬂﬂ%K
% ffi 2 Oifl & BB 2 G L T %8, AREE
T2 D 1 MILETR R B DA A L L Tade 2 194L
DR % R L 5 & Lcb DT, Tl 2 MUY
7o NI X BT T TEZEL .

BRIV oSl X ONik oD sk T2 AR Fig 1 1
T TH D, EANT R IO AR b oM
AUTs O SR U e R R B O 2 S
THABLDL DD UINIE S THAEA, ZHitsidh
Kb A4 2 7o BN X 0 SRR e 0 /b

XLl T D I E &, SO TIREIG A e bl
@E%ﬁ%ofuétwfi LEZ NS, WM
DML LD, BT R e a
F LD EENC L WS 2B TV 2.

W BB R B DR, T DB OI D )
WX TiRABEFCHHbh A, 8Tk Kifi b,
Diffuse X 0I5 R TCHY7LIEAY ) OV L % 1
TR, k%A Dugdale B L FEE 0 2 — KT
W (FEELTRIETED 7cBHEO % KA RT.
SHEBDI LITER L LT Fig 2 @R L i@
FER AR LD T A, FIC 3 TV R T
WIEAYVA Tod, TRENHRER b i s L 00 1 FIALAER
K& RRERlER, Thbb o=Ke" OflifE A< L FL
TWL EFTH D, e L&, X
FOTREMCEE I g ERRR A B SR
I OBAR O % 3 H e KPR (RO D A
B ERDITFERAFEEWAS TRV oK%, T
Hibatt->TEAT . FHERNTOBG Z OBRMU
I SRR kX, 2 I T o YT
5 WM B 2 FIFLAER IR - S el 8- TSRO H
B AR L, ZOBNIA BB/ Bbh D



FEBOITZE T8 2 FIILO BT3B 3s X CRBR/EIL ST (287) 15

(a) Copper

200

150

100

(MN/m?2)

50

Ot

———— for a center hole specimen

for a smooth specimen
(Wid=10.0)

)
(=]

350

Flow stress

300

200

250 £

———— for a center hole specimen

for a smooth specimen

(Wid=10.0)

005 0.10

015 020

Average plastic strain, epave

Fig.2 Engineering flow stress of specimens having different
geometry is plotted to the engineering average plastic
strain for copper (Fig.2a) and SS-41(Fig.2b). The rel-
ative inter-hole distance (¢/d) is fixed to be 1.25.
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(b) SS-41 (§/d=125)

Fig.3 Deformed configurations of one of two neighboring holes arranged in various angles (¢) where

€p.ave. value is kept to be nearly constant. The examples for copper are given in Fig. 3a and those for
SS-41 in Fig.3b.

O K2 TH IR



16 (288)

Koy xoi{bBl g & A2 BHibh T 5b 2 &
N

XCULHE 2 MFLEUT 3k, SR E RS A 53 O
T, FOHT 22— OMIBRICOCTURLIch DAY
Fig.3 THh 5. HHHEIIIER—OFEBLEOT 4
(0.04~0.05) 230 B EBEOERMIRY, FLTIfGE
PRI > TULIREERRLIA D TH S, (a) (15
(b) (RO B EZ L, WE & LSRR E/d »
1.250 L DTH D, AR %5 |EABRBITHUT i,
AR OIS BRI LB B 2 LD 5 A (9=90°
D, KT (6=60°~30° i) HBHVET (6=0°
i) I ETAMILOERIATH Y, L H—TiD
FILIZ180° G X - IR T A L T 5. &
Rk DL, Bk a2 Mo E—KL T
B h, HHGE LG <« o lEENC Y5, 1T HIFLD
S ITNOIVIR L e D & S ATb e s, AT
2 2 Lo X TiRE (6/d) 3 L OFLFIFARE ()
I DHE TSR R, I B T
5. FOHWOEAEL, E/d AR BEERSLIV
¢ AL (6=45°~60°) 1ICED Iz LMt 5.
2, W RO IR ST Tl S B ORI
bl < Bk, T Vi kR (2 2Tk
e DTNy, IEIIEREADOBEO T AES A F
e, H—FHEEOTRC KT 5 A E S
WS D, M, WS (SS-41) 1Tk T 6=60°, 90°D
L O PERER2SETO R TV %25, ZhuEd T
VARHE 2 LRl R AL, kG (Linking) L7
ZEERLEHLTVLS.

% =T Fig.3(@), (b) Wi L -« Ie A EMR A
ERMICHHTT D708, &2 Tk 1AL OEE &,
EFFRLLCEST LM WAL S »
kb, ToO—F L U T Fig 4 iz @i fLIL,
LB 3 L T2 DR % 2 2 h— LiHE,
FER B L O TR BRI OEEIZ DT,
FTAMRIRONHMCHEL TRER ED, ZoH
SERIAEMOLE Ui, FOEEA S R F
P DIZEE L - BRARO BRI & 5 THIIE R 1T 780,
BHENPE L fo. B DBIRL reap., AT
DERE revip. EEBRL, WEHEDRE (Fexp. —retip)
DfEZ re, ZRHEC L THRERTTILL 72 b D& 2
FAR A B S L 7o, X, Bliie 5B o e
(A a L.

WTd% 2 1L BT U TR 72 T L 72 P,
DT U L2y TEBRIL L —3H 5\ IR
LTS Tldiw. £ Til#Elo%ER % Fig.
4 T U P B0 PR NI AR B A T

Vol. 32 No. 2 (1982)

BEARES « RHE B - A

Tensile direction

.
O
~N
AN
\
— \
/ \
, “ \
/ o & \
Toxp, \
.
{ I
°

| |

Fig.4 Schematic presentations of an original circ-
ular hole, an oddly deformed hole under ten-
sion and an ellipse mostly fitted to the de-
formed hole.
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Fig.5 Relative radial displacement versus the angle
measured from the major axis of the mostly
fitted ellipse for the design having &/d=1. 25.
The arranged angle (¢) is varied and the
average plastic strain is kept to be nearly con-
stant. The results for copper and SS-41 are
in Fig.5a and Fig.5b, respectively.
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Fig.6 Experimental configurations of heavily deformed
two neighboring holes in copper where the arranged
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angle (@) is varied; Fig.6a for ¢=90°,
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Tensile direction

(a) Geometrical centers (b) Shitted original cross centers

Fig.7 Proposed models presenting a change in the
distance of the geometrical or the shifted
original cross centers of two neighboring holes.
The geometrical centers in Fig. 7a and the
others in Fig.7b.
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Fig.8 The change in the distance of the shifted
original cross centers of two neighboring holes
in copper is plotted to the applied plastic
strain. The arranged angle (¢) is varied and
the relative inter-hole distance (&/d) is fixed
to be 1. 25.
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Fig.9 Relative increase in the area are shown to be functions of the applied plastic strain where
the arranged angle (¢) is varied. Fig.9a gives the results in copper and Fig.9b in SS-41.
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