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Interaction Effect among a Row of Ellipsoidal Cavities
in an Infinite Body under Uniaxial Tension

Nao-Aki NODA, Nozomu OGASAWARA and Tadatoshi MATSUO

This paper deals with the numerical solution of singular integral equations of the body force
method in the interaction problem for a row of ellipsoidal cavities under uniaxial tension. The
problem is solved by the superposition of two auxiliary loads: (i) biaxial tension and (ii) plane
state of pure shear. These problems are formulated as a system of singular integral equations with
Cauchy-type singularities, where the densities of body forces distributed in the 7, § and z directions
are unknown functions. In order to satisfy the boundary conditions along the ellipsoidal boundaries,
eight kinds of fundamental density functions proposed in our previous paper are applied. In the
analysis, the number, shape, and distance of cavities are varied systematically ; then the magunitude
and position of the maximum stress are examined. For any fixed shape and size of cavities, the
maximum stress is shown to be linear with the reciprocal of the squared number of cavities.

Key Words : Elasticity, Body Force Method, Stress Concentration Factor, Numerical Analysis,
Singular Integral Equation, Ellipsoidal Cavity, Uniaxial Tension, Interaction Effect
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Table 1 Convergency of stress concentration factor
Oole-x2/0™ at the central spherical boundaries
(N=3,a/b=10, b/d =09, v=0.3)

¢ (deg) | M Biaxial Pure shear Uniaxial
12 1.4675 2.9102 2.1889

16 1.4673 29121 2.1897

0. 20 1.4677 29121 2.1899
24 1.4681 2.9120 2.1900

28 1.4682 29120 2.1901

12 1.7030 2.7790 2.2410

16 1.7024 2.7816 2.2420

30. 20 1.7019 2.7816 2.2418
24 1.7024 2.7814 2.2419

28 1.7024 2.7814 2.2419

12 2.2178 2.6313 2.4246

16 2.2176 2.6338 2.4257

60. 20 2.2178 2.6338 2.4258
24 2.2179 2.6337 2.4258

28 22179 2.6338 2.4258

12 2.7030 2.7546 2.7288

16 2.7022 2.7540 2.7281

80. 20 2.7024 2.7538 2.7281
24 2.7025 2.7538 2.7282

28 2.7026 2.7538 2.7282

12 2.8393 2.7780 2.8087

16 2.8397 2.7775 2.8086

90. 20 2.8393 2.7776 2.8085
24 2.8392 2.7776 2.8084

28 2.8392 2.7776 2.8084
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Fig.2 Problem solved
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Table 2 Stress concentration factors in Fig.2(a)
(N=3, a/b=1.0)

j=1 j=2
¢ (deg.) | Ktmax | Kta | KtB | ¢p(deg.) | Ktmax | Ktc

—90-90 | 2.0455 | 2.0455 ] 2.0455| —90~90 | 2.0455 | 2.0455
(—90~90)| (2.045)| (2.045)] (2.045)| (— 90~90)| (2.045)] (2.045)

0.1 -9 2.0456|2.0454 | 2.0454 0 2.0456 | 2.0454

—9  |2.0463|2.0454]20448] 0 |2.0469|2.0448
(-10) |(2.046)|(2.045)|(2.045)| (©) [(2.047)|(2.045)

0.3 -13 2.0484]2.0456 | 2.0425 0 2.0504 | 2.0429

—19 |2.0532]2.0464(2.0377] o0 |2.0576|2.0389
(-15) [(2.053)|(2.046)[(2.038)] (©) |(2057)|(2.039)

0.5 -24 2.0624 | 2.0484| 2.0310 *1 2.0698 1 2.0339

—33  |2.0798]2.0520(2.0315| +22 |2.0889]2.0366
(-30) {(2.077)|(2.052)|(2.031)] (*15) |(2.087)|(2.036)

0.7] —43 |2.1136]2.0575]2.0715 +40 | 2.1242(2.0790

o8| —% [22433]20650[22433[ 90 [2.2523(2.2523
Sl (—90) |(2.241)|(2.065)|(224D)| (290) |(2251)|(2.251)

0.9; —9 ]2.8011}2.0749]2.8011 +90 |2.80842.8084

a/d

0.2

0.4

0.6

( ) : Tsuchida et al.!V

225 | \/d:ﬂ.g{

e b2

E-M\P/d=lﬂg

2.05 [ . =]
' b/d=1/3]

C 11 | | 1

2.00 L1 1 T 1 1

82 62 42
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P
()
I A mEA

3? 22 N

Fig.3 Relationship between K:max and 1/N?
in Fig.2(b) (a/b=1.0, 6=n/2)
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Table 3 Extrapolated stress concentration factors

ERME O B FRRZE 5 & 5 O WEA O IER IR —83 3R 0 1o B0 3 THHE 2287

3k, B2(b)icrRy NEHOE»rOMET, B

in Fig.2(b) (N, a/p=10) Halb=10 DB &1z DT, bjd=1/3,1/2,2/3,08
Outermost cavity Central cavity . . _
wd =1 (e (N> /3) La‘ob‘éﬁkﬂi‘}b Kemex EZDDOEBOBELHD — 5
& (deg) | Ktmax | Kta | Kt | ¢ (deg.) | Ktmax | Ktc IN* DBIRER LI b DTH D, EESHE X ITRL
0| —90—90| 2.046 | 2.046 | 2.046 | —90~90 | 2.046 | 2.046 T AR ME D EEE 7S PR AN B3 5 = RITRIN R
0.1 -9 2.046 | 2.045 | 2.044 0 2.046 | 2.045 RO & [ER, FERINFR—mEIE D (S XT)DF
02| -9 |2046| 2.045 | 2.043 0 2,047 | 2.044 BRI 5T b, Kome & 1/N? ORI 1 5B 55
03] —12 | 2049 | 2046 | 2.042 0 2.051 | 2.043 N
04| -18 |2054|2046]|2038] o |2060](203 RIZRD IO EBb 5.
05| —24 |2.063| 2049|2031 0 2.075 | 2.034 3, AROEKRBEFREFIAL T, M2(b)izxw
06| -32 |2081|20s2|2032] +16 |209712040 + NBEOKSH (a/b=1.0) DFET, a/d 3T s ¢
07| —42 |2116]2058|2074] +37 |2.136] 2.089 FEED Nooo DRERESEIL > TRDOE b DT
08| -90 |2248|2066|2248] +90 |2276]2276 s (i )
09| -9 2.812 | 2.078 | 2.812 +90 | 2.863 | 2.863 5. 3T, BMIOEL (/=1) OBRKIEHOIE
EXZDREMBEL, A, BA(¢=190°) DIEH, &
5 TKBRRAIOZED [j=(N+1)/2] DBRKIEHDfE &
230 —— 3.0 —
2.20 A G NG 28¢F
« T 5
_S 215} 2.7f
ES r r
) [ i
2.05 E 2.5
2.00 2.4 Lo
-90 -90

Fig.4 Distribution of stress gs in Fig.2(b)

t max

(N=5, a/b=1.0, b/d =0.8, 0=1x/2)

228 F
2.27

2.26

224 F
223%
222 F

2.21

2.25

¢ (deg.)

Fig.5 Distribution of stress os in Fig. 2(¢)

(N=5,a/b=1/4, b/d =038, §=1/2)

TrTT YT I T

T

o
N=8 N=7 N=6 N=5 N=4 ©
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Fig.6 Variation of K:max of infinite body containing a row of spherical cavities
(a/b=1.0, b/d =0.8, 6=1r/2)
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2.95
- <4
N=8 N=7 N=6 N=5 N=4 N= ¢ =-40" 400 -40° * 40" -40° -40° ]
H . N NOS N=4 N03 2 o40 40" 40 P R
i . "~ N=2 § ‘ : N=co
290 .
i 285 7
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2.80 ]
2.75 :. ( ):N .
Fig.7 Variation of K:max of infinite body containing a row of ellipsoidal cavities
(a/b=1/4, bld =08, 6=n/2)
212 —— Table 4 Extrapolated stress concentration
r : factors in Fig.2(c) (N-)
3 Outermost cavity Central cavity
2.10 ab|b/d (i=1) (j= (N+1) /2)
o ¢(deg) | Ktmax | Kta | KtB | ¢(deg) | Ktmax | Ktc
w -9 —90
x ! 0| Zgo | 2046 | 2.046 | 2.046 | _oo | 2.046 | 2.046
— 208 B 13| —14 | 2050 | 2.046 | 2041 | ©0 | 2.054 | 2.042
L)
5 1 [12] —24 | 2063 | 2.049 | 2.031 0 | 2075 | 2.034
2.06 /A 23| —38 | 2102 | 2056 | 2.051 | +31 | 2.120 | 2.064
U 0.8 —90 | 2.248 | 2.066 | 2.248 | +90 | 2.276 | 2.276
Innermost
Outermost 09| -9 | 2812 | 2.078 | 2812 | +90 | 2.863 | 2.863
2.04 | I : 0 0 2.480 | 2417 | 2417 0 2480 | 2.417
-90 0 30 60 13| -1 | 2482 | 2418 | 2.417 0 2483 | 2.417
¢ (deg.) ” 12] -7 | 2485|2418 | 2416 | 0 | 2490 | 2.417
Fig.8 Distribution of stress at the innermost 23| —26 | 2497 | 2420 | 2416 | 0 | 2.505 | 2.419
and outermost cavity in Fig.2(b) 08| —48 | 2533 | 2.420 | 2441 | +46 | 2.538 | 2.446
(alb=10, bld =2/3, §=n/2) 09| -70 | 2.657 | 2418 | 2.644 | +70 | 2.654 | 2.645
o] o0 |2777]2659|2659| o0 | 2777|2659
ZTOREMEBL, CHW=190)CBI BN ER 13 —15 | 2782 | 2654 | 2654 | o | 2778 | 2655
LTw3, e 12 —30 | 2790 | 2624 [ 2633 | 0 | 2.780 | 2.662
4, 5IIEHOBEH N=5ic >V T, Bkl a/b= 23| —37 | 2825 | 2645 [ 2672 ] o | 2785 | 2.663
1.0, 5/d =0.8(K 4) &, a/b=1/4, bjd=08(K5) D j= 08| —40 [ 2925 | 2630 | 2676 | +40 | 2.792 | 2.670
1I~3EDOBELEBIAEIHEETRT. £72, X6, 09] —42 | 3.152 | 2.552 | 2.818 | +62 | 2.813 | 2.704

TRZE»OEBN=2~8cxt L, Bkt a/b=10,
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LT, ZHDREHE N 2Ebsgi L 20, BRAIOZE
() E BRAMUDOED () DICHA /A TRT. %
NENDOFERXOOT, ABRNBRKEIRDICH-
T, N340 N> oo OBE IR L T  F 18
IIHZB,

Bk, M2(c)T, Bkt a/b=10,1/2,1/4 1>
W, bld #ELE R EZEOBRKIEHDEE #DF
SN, SO AS BABIUCAIBIAE»D
EBBEBERD & EDICHEPRHM K, %, SMHEIC X
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