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Numerical Solution of Singular Integral Equations
of the Body Force Method in Notch Problems
(3rd Report, Application to 3D Problems)

Nao-Aki NODA and Tadatoshi MATSUO

This paper deals with numerical solutions of singular integral equations of the body force
method in 3D stress concentration problems. As examples, the problems of ellipsoidal cavities and a
toroidal hole under uniform tension are considered. The problems are formulated as a system of
singular integral equations with Cauchy-type singularities, where the densities of body forces
distributing in the » and z directions are unknown functions. In order to satisfy the boundary
conditions along the notches, several types of fundamental density functions are proposed; then, the
body force densities are approximated by a linear combination of the fundamental density functions
and polynomials. The accuracy of the present analysis is verified by comparing the present results
with the results obtained by the conventional method. The present method is found to give rapidly

converging numerical results for the stress distribution along the boundaries.

Key Words: Elasticity, Body Force Method, Numerical Analysis, Singular Integral Equation,
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Values of weight functions

22)

22°Pra21) ]

N
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-80 -60 -40 -20 0 20 40 60 80
VU(deg.)

2 KRB OIGRMED HE (67:=1)
[®M1(a)Talb=1, bjd=2/3, v=0.3]

a/b=1,b/d=2/3, v=0.3

U (deg.)] M o On Tnt
4 | -0.40021 -4.6x10% 6.0x10™
-90 8 | -0.35904 -8.8x10™*  7.1x10°
12 | -0.35826 5.1x10°% -9,1x10 77
16 | -0.35826  8.4x10~7 -3.4x10~
4| 0.62140  8.3x107° -2,5x107?
-40 8 | 0.63685 -2.2x10~*  4.6x10™
12 0.63628 1.8x107%  8.4x1077
16 | 0.63628 1.3x1077  1.2x10°®
4 | 1.88668  5.9x107>  1.5x1072

-5 8 1.89050  8.8x10™°  3.5x10
12 1.89097 -1.3x10°  7.7x10 77
16 1.89097 3.7x1077  -2.5x1078
41 1.94102  7.2x107 1.5x10‘§
0 8 1.93431 1.5x10™  4.2x10”
12 1.93417  -1.9x10°¢  1.7x10°"

16 1.93417  -1.5x1077 -2.5x10
4| 1.95066  7.4x107 1 4x10‘j
2.4 8 1.93979 1.5x10™  3.8x10”
12 1.93939  -1.5x10°%  1.6x10"
16 | 1.93939  1.9x1077 -2.0x10~"
4 1.94890  7.4x107°  1.2x10°?
5 81 1.93430  1.3x10™  3.0x70™
12 ] 1.93369 -9.6x1077  9.4x10~
16 | 1.93369  3.6x1077 -6.0x10°®
4 | 0.91012 -8.9x107° -5,3x107?
40 8 | 0.91227  2.0x107* 1.5x1of
12 | 0.91233 -1.7x1077 -8.1x10"
16| 0.91233  4.4x1077 -7.9x10”7
4 | -0.65336 9.1x107°  6.6x107°
90 8 | -0.66051 2.8x10™*  4.8x10°¢
12 | -0.66074 1.3x10°%  1.0x10°®
16 | -0.66074 -1.7x1077  4.3x10~

—173 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1968

ISHEFMEICE ) 2 BRIEORERSAEAOKERITE (BI3IH)

G OYHEE % A OEMEHEED 8 L UEED
AP L r IR 2R T, BROELEERYIRED
FHYROYENERE b L2 LIABEHEERT, 7
ROBEHIEDFEEH 1 OB\ETHYT 5. BROD
f#i%, Boussinesq BA# & BREEE 2 AW HERTH 3.
£200 ¢ BRACHBECAMEBETH S, AdV/NE
WEERY, ERAOERIFEIMER L LT3
D, AVKEL BB ONTEENELTWVWLE I W
Lirb

B#iz, ikt »s b/d=1/3, 0.5, 2/3, 0°.=1, v=
03DBAE, Btk a/b 2Ebs €L &, BNET
FH K OBRKEONHRER, ThBELCLME ¢ &
BRI WCRT., BHEREBOMER, BREFS
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3:2 F—FVRRERANICEHERMBENRITESR
B1(b)DEREHOF—F+ VREBOMBE B
T, IRt » a/b=1, a/d=2/3, 0.9, 6”.=1, v=0.3
DBREDLBRG I > T2 RHABEE 0r3, 022, 0r1, P24
DEESMEERFNE3 (a), (D)IKRT. £z, &
EDDIC, HROBEBINETTbA TR S K 51,
0r1, P ZAAVT, RAEERTH 2 0r3, 022 FDE
TR THELL L BE0BITER b M=12,

% 2 ZO@EEREFAERED DG HRBHRE
(Ktmax—aemax/a zs K= Utlw 0/(7 zy A= b/d)
a/lb=1, v=0.25
Present Analysis Nisitani |Miyamoto
by Kt max (‘L’) Kt (‘U=0°) [11] [12]
0 2.0217 (0° ) 2.0217 2.022 2.022
0.1 | 2.0209 (0° ) 2.0209 2.021 2.021
0.2 { 2.0157 (0° ) 2.0157 2.016 2.016
0.3 | 2.0031 (0.2°) 2.003 2.003 2.002
0.4 ] 1.9830 (0.5°) 1.9828 1.983 1.986
0.5 ] 1.9584 (1.0°) 1.9573 1.959 1.969
0.6 § 1.9338 (2.0°) 1.9306 (1.941)
0.7 | 1.9124 (2.7°) 1.9062 (1.944)
0.8 ] 1.8951 (3.4°) 1.8854 (1.994)
0.9 1 1.8810 (3.8°) 1.8676 (2.147)
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DEE, HAWY=0)BLUAB(¢Y=180) BT 2Ib
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Present analysis
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H :/ Stepped function(M=24)
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: Present analysis
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Present analysis(four unknown functions:ora»ozz.or1-924)
Stepped function(two unknown functions:p 3.0,,)
0 20 40 60 80 100 120 140 160 180

v(deg.)

(b) BE1(b)Talb=1, a/d=09, v=0.3

3 RABEHOPRED LB (67-=1)

ST EFEE (K, = Omax/072, v=0.3)
[Kio iz—2 D220 D K, (b/d -0 i2+H) ]
b/d 0 1/3 0.5 2/3
a/b Keo Ke (V) Ky (W) Ke  (w
1 2.0455 12,0200 (0.3°){ 1.9800 (1.2°)]1.9394 (2.4 )
2 3.3130 | 3.1515 (0.6°) | 3.0269 (1.5°){ 2.9492 (2. 1°)
4 5.8678 | 5.1063 (0.8°) | 4.9734 (1.2°) ] 4.8634 (1. 5%)
8 10.9706 | 8.9554 (0.5°) ] 8.6904 (0.8°) | 8.5604 (O. 8%)
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ISHEPHEC B 5 BRVEOHRR AEADRERTE (E3W)

1969

EHERSIWRY. RPORERBESE RV A%
DHEER M=48 L 36 DEFIHRICLZ2HDTH
3, KEFRHERIE M=20BETHEIRFS JBE

200 [( YIRES/OE®] & Neuber O [EE: Al
PIREDEW HRY, 22T, K kA TcEzs0
5,

INERELTWT, AFE2LEE T 2REEAKEB V214 F:fr/2”03(7)7d7d¢ ........................ (19)
BOEL D b RIFRIGEMEETL T3, e i
¥ 7z, ﬁ;ﬁtbiﬁ, d/b:]., %=1, v=03D & X, B Kt:_a"‘;1+3, O‘::m .................. (20)

/NEFTE OB Mz U367 0.(7) #F5 L T OB oD
NFERD, Fizk-TEz2on3AWIET of 2
W3 ZERLTH/ONZEHERRE K. *, BEMHE
BERBOIREROBBNEC I 2EMER L b TR
61ZRT, BEDLY, ¥HYKREE2EFT3ED

FEERBAS % B\ 7 PR DETE 13 & KRR R TR
BES TBEE—BLTw3, EROBREIECLS
TR, M3 RT & ald=1co20T, ¢=90°
HE TR ARABEBOMEBPERL BT iz, BREME

£ 4 F—FVREEOKHEPRBEI £5 F—FVIREROEHEPFREOIR M
B BERCB -G (6%:=1) (1(b)T alb=1, Ku=0:4/0%:, Kis=0:5/0">,
¢= 028/0n, 0n=F/{n(d—a)?}, v=03]
a/lb=1, a/d=2/3, v=10.3
Y (deg.)| M ot On Tnt Present analysis Stepped functions
(or3:0;7)
4 2.69311  -9.4x10™* 0O
8 2.69383 1.0x10° 0 a/d = 0.9 a/d = 0.9
0 12 | 2.69376 2.3x1o~j 0
16 | 2.69373  9.5x1077 0 Ml K K K Ml « K K
20 | 269373 -3.9x10% 0 tA Bt th Bt
- - 412.7032 8.3286 1.0242 | 4 |2.6894 8.9249 1.0185
4| 1.37579  -5.0x107) -9.3x107 8| 2.6529 8.4751 1.0422 | 8 | 2.6446 8.8165 1.0330
8 | 1.37277  3.8x10™"  3.9x10" 12| 2.6373 8.3918 1.0470 | 12 | 2.6387 8.5311 1.0403
40 12 | 1.37306 -1.7x10"° -2.8x10°S 16 | 2.6343 8.3802 1.0476 |16 | 2.6368 8.4558 1.0435
16 | 1.37307  2.0x1077 -1.2x107® 20| 2.6338 8.3785 1.0477 |24 }2.6353 8.4132 1.0458
20 | 1.37307 -3.6x107°  2.8x107'° 241 2.6337 8.3783 1.0477 {32 | 2.6347 8.3989 1.0465
- " 28| 2.6336 8.3783 1.0477 |48 | 2.6343 8.3884 1.0470
4 | -0.6257 1.7x107%  9.3x10" oo (2.633 8.373 1.048
8 | -0.62466  2.6x10™*  6.9x107°
80 12 | -0.62409 —Lguoj &sﬂof
16 | -0.62408 -1.5x107  7.4x107 £ 6 F—F VREROKIEDRE
20 | -0.62408 -3.7x10 2.1x10 (K= 0628/0n, 0n="F/{x(d—a)?, v=023]
4 | -0.72831 2.5x107%  7.2x107°
8 | -0.76442 3.5x10™*  -5.0x107¢
100 12 | -0.76488 -3.3x107°  1.8x10°° Present Stepped Notched Deep
16 | -0.76478 -1.5x10"® 1.3x10°¢ analysis | functions Round Bar Notch
20 | -0.76478  -3.1x10"®  5.4x10°® (0p30P,p) [10,13] [14]
4 | 1.60783  -6.0x107  2.2x107} a/d] Ky Kt Kt Kt
T 0 B R 0.0 3.0000 3.0000 |} 3.065 (3.065) | oo
16 | 1765280  3.9x10° -4 ex10” 0.1 2.5484 2.5484 2.601 (2.593) | 3.1845
20 | 1 6581 1735107 9 20107 0.2} 2.1836 2.1836 2.196 (2.191) | 2.2272
: : : 0.3} 1.8803 1.8803 1.869 (1.871) | 1.8052
) 0.4| 1.6309 1.6308 1.610 (1.608) | 1.5571
g 2'33?32 ?'gi}g-g 8 0.5| 1.4321 1.4320 || 1.412 (1.411) | 1.3908
. . s 0.6 1.2820 1.2818 1.270 (1.270) | 1.2705
180 12| 4.30589  -3.7x10 0 0.7] 1.1762 1.1761 1.172 (1.172 17
16 | 4.30593 -2.1x10° 0 . . . 2172 (1.172) | 1.1790
20 | 430303 9 5x10® o 0.8 1.1036 1.1037 1.103 (1.101) | 1.1069
. =9.0x 0.9 1.0477 1.0481 1.048 (1.046) | 1.0484
T F—FYREADKHIEFRI (K= 0:4/0%2, Kis=0:5/0"2, Ki=028/0n, 0n=F/{n(d —a)?}, v=03]
(Ko, Kigo, Keo IZERKBDO—DDZHALDGHERFRE)
a/d =0 a/d = 1/3 a/d = 0.5 a/d = 2/3
/b Kepo Kepo Keo | Kea Keg K¢ Kea Keg K¢ Kea Keg K¢
1 33 3 | 2,789 3.27119 1.7914| 2.7355 3.5719 1.4321| 2.6937 4.3059 1.2070
2 5 5 5 | 4,6813 5.5833 3.0011| 4.5886 6.1112 2.3197| 4.5219  7.1146 1.7592
4 9 9 9 | 8.4684 10.165  5.4266 | 8.3085 11.247 4.1934| 8.1883 13.165 3.1037
8 | 177 17 17 [16.038 19.282 10.150 | 15.750 21.445 7.9197 | 15.530 25.278 5.8679
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1970 ISHEPHEE I B 3 3 ARNEOBRERS TEADOKERITE (FEI3H)

OWEENEL LD LNTFHEEINS, LL, 6
WKRT LI ¢=0B L UL 180 IZEL 2B KIEHI~AD
FREIPEFVRESBNELITH S,

Bk, BARE A a/ld=1/3, 05, 2/3, 0°.=1, v=
0.3 DHFE, ikt a/b 2EL & €12 L &, IGHEF
R Kea, Kis, Ke DPURIER R 71217, [GHEPHF
Ko, BEFES 3 REBEECIGRLTWT, ¥
R a/b, BE U a/d DILEHR THRBITEIEZTH
Lz enbhrol:,

4. #% B

AW TIE, AR E COMERICAH L T =RITHE
B BB NEORERS TR BB CHIN T2
FErER L ERE2ELDLLEUTOLI RS,

(1) EREHO =D DO FIERZE» O FiiE
L P —F YV REROIGIEPRIEOENT 2175 72,
Zho ORIER, BIls X AR TREL 72, XHHE
BAEEATERBOEA Y TEBRT AT EICE -
T, BREQOOWTNOD AT YR D [LEH THERE
HEFEALZBECHES L I ENTRTHD, B

FERICHERRBEBB O (R1~T),

(2) NHRBOERIEED» % KM L T 51
KOBNTETIE, BRAB (S £8ML THRA
B OEBIRE T, BREOENIENEE L <KD
SNRWIBENH LY, RETETIEDROEBEART
B fREs@Eonz (K2, 3).

X 73
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(4) EFH - /INH - BE, #8838, 56-532, A(1990), 2405.

(5) EFH - /N - #H, #35, 57-542, A(1991), 2332,
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