The Japan Soci ety of Mechanical Engineers

2052

BEN:EEEN I EIVE T
61 % 589 % (1995-9)

3 No. 95-0313
BEBOIHIERFRE DT HHR OB
s S < AN & & VA S ol 1

Analysis of Stress Intensity Factors in the Interaction
of Angular Corners under Various Loads

Nao-Aki NODA, Kazuhiro ODA and Takayuki INO-UE

This paper deals with numerical solutions of singular integral equations in interaction problems
of diamond-shaped holes with angular corners under various loading conditions. The problems are
formulated as a system of singular integral equations on the basis of the body force method. In order
to analyse the problems accurately, the unknown functions of the body force densities are expressed
as a linear combination of two types of fundamental density functions and power series, where the
fundamental density functions are chosen to express the symmetric stress singularity of 1/7'7* and
the skew-symmetric stress singularity of 1/7'™%. The stress intensity factors (SIFs) of the angular
corners are systematically calculated for various shapes, spacings and numbers of the diamond-
shaped holes subjected to uniaxial tension, biaxial tension and in-plane shear in comparison with the
SIFs of ordinary cracks. The present method is found to give rapidly converging numerical results
for the interaction problem. For all types of diamond-shaped holes, the maximum SIF is shown to
be linearly related to the reciprocal of the number of diamond-shaped holes.

Key Words : Elasticity, Body Force Method, Stress Intensity Factor, Angular Corner, Interaction
Effect, Singular Integral Equation, Diamond-Shaped Hole
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Fig.1 Diamond-shaped holes in an infinite plate (When
the number of holes is an even number)
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(a) Symmetric (b) Skew-symmetric

Fig.2 Two types of body forces distributed along the
imaginary boundary with angular corner
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Table 1 .
Fion=K,u/oVr i, Fun=Ku /o™ n ™"

Convergency of Fi, 1, and Fu, ., at the corner A
(N=2, Lld=1/2, of=05=0", t5 =0, a=30°

inFig. 1) e (6)
Fi, 21 (A1=0.5014530) | Fu, 22 ( 22=0.5981918) %B, #BLSRTUAOIIRT ORI L LR, &5
M\ Jfrom W) from W5 (0) | from wro) from wio) Wk Tk M=181E T 0 AL » TAOEL > SH
2 0.98816 0.89747 0.26062 0.25870 b g s p . .
4 0.94644 0.94663 0.02273 0.02271 S0% Fiu, Fuu OEBEHETF S UIBRE ST
6 0.94476 0.94473 0.02257 0.02257 BUINELTB D, BIFRIEESRT 2 & SRR &
8 0.94433 0.94431 0.02252 0.02252 - ’ i N
10 | 094414 0.94413 0.02250 0.02250 iz, UTTiRIDX2ic L TEsNIERADILT
12 0.94405 0.94404 0.02249 0.02494 R o o 1»
14 0.94399 0.94398 0.02249 0.02249 kg e, FELTHL O a=0" 2721k B=0° M
16 | 0.94396 0.94395 0.02249 0.02248
18 | 0.94394 0.94394 0.02248 0.02248

Table2 F., i and Fu, i, for two diamond-shaped holes at the corner A under various loading conditions

Uniaxial temnsion Biaxial temsion In-plane shear
(B, = Ky, lo™Jmlih, (B, = Ky fom i, (8, = Ky, Je=Jaliom,
Ry =Ky /".‘/771:"") Foay =Ky, /U'JBM,) Foay = Ky /,-‘/;,lx—h)
A A R > > > o«
A g A g AT
U & AT S
-— — - —>
2 v ; A
v -
1/d4 e 0° 15° 20° 30° 60° 90° 0° 30° 60° 90° 0° 15° 20° 30° 60° 90"
0 Fr,af 1.000|1.011(1.019§1.042{1.148 | 1.293(1.000 | 1.004 | 1.007 [ 1.014 |1.034 | 1.010 | 0.000 | 0.000 0.000 | 0.000 | 0.00010.000
ro.a2| 0.000 | 0.000|0.000)0.000{0.000]|0.000|0.000|0.000(0.000|0.000|0.000|0.000]|1.000|1.056(1.085|1.154 | 1.599 {4.279
176 Fi,1]0.990|1.001]1.009|1.029|1.133|1.275]0.990|0.994[0.997|1.004 | 1.024 (1,002)0.001)0.001 0.001|0.001]0.002|0.003
Fu.o2{0.001|0.001|0.001]|0.001]|0.003|0.010|0.001|0.001[0.001|0.001)0.002(0.004|1.003(1.063|1.090|1.160]1.6084.312
1/4 Fi,a}0.978|0.988 | 0.996 | 1.016 | 1,116 | 1.254 | 0.978 | 0.982 | 0.985 | 0.992 { 1,013 | 0.993 | 0.003 | 0.003 0.003[0.003|{0.005|0.011
Fi.2{0.003|0.003]|0.004|0.004|0.008)|0.031|0.003|0.003|0.003|0.004{0.006(0.013]1.007|1.067|1.094}1.165]1.618 |4.348
173 Fl,a}0.964 [0.973[0.980}0.999|1.096|1.228 | 0.964 | 0.968 [ 0.971|0.977]0.998|0.982[0.006|0.007 |0.007 0.008 { 0,012 } 0.026
Fu.x2| 0.006 [0.007 ]| 0.008)|0.009|0.018 | 0.067]0.006(0.007]0.007(0.008}{0.012|0.0281.012|1.072]1.200( 1,171 1.629]4.390
1/2 Fi,{0.930(0.937|0.943 {0,960 [ 1.049|1.172|0.930(0.934]0.937(0.944 | 0.966)0.955|0.018|0.020)0.021(0.023 | 0,038 0,083
Fi.22|0.016 [ 0.020 ]| 0.022 {0.026 [ 0.049 | 0.177 | 0.016 [ 0.019 | 0.020 [ 0.022 ]| 0.033]0.076 | 1.022|1.083 ) 1.111(1.184 | 1.650 | 4.455
2/3 F1,|0.895|0.901[0.907 {0.923 | 1.006|1.125|0.895|0.901}0.904 |0.911}0.935}0.923|0.038(0.041(0.043|0.0480.080 0.188
Fo.2|0.031{0.038)|0.041|0.048 | 0.088 |0.305]/0.031(0.036|0.038(0.042{0.061{0.152|1.030|1.092]1.121}1.194|1.662|4.436
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Table3 Fi..u or Fu i for two diamond-shaped holes at the corners B and B” under
various loading conditions

Uniaxial tension : fy Biaxial tens.ionl_: R, In-plane shear : fy,
By = Koy Jo™mii™) (Fn = Ky, 10" (Fyay = Kug, 5
. boA A iy
[/ g A
AL - N \ A
N N ) -
2d - 2d > v | 2d 4
w
R R e < <
a2 0° 15° | 20° | 300 | 60 | 90° 0° 15° | 200 | 300 | s0° | so° o 152 | 20° | 300 | 600 | 90°
0 B,B 1.000 | 1.011| 1.019( 1.042|1.148| 1.293{1.000]1.004}1.007]1.014{ 1.034|1.010] 1.000| 1.056 | 1.085] 1.154 | 1.599 | 4.279
; B [1.004]1.022]1.027|1.0481.152|1.295]1.004]1.014|1.015|1.0211.041|1.020 1.004 | 1.065 | 1.092 | 1.161 | 1.611 4.323
1/6 | g |1.003]1.0211.026|1.047]1.152[1.295[1.003{1.014 |1.014|1.0211.040|1.018 | 1.003 | 1.064 | 1.0911.160 | 1.608 | 4.306
y B [1.009]1.0241.032]1.053|1.157|1.296|1.009]1.016|1.020{ 1.027 [ 1.047|1.033 | 1.009 | 1.069 [ 1.099 | 1.169 | 1.626 | 4.392
174 | B |1.007|1.023|1.028| 1.051|1.155|1.297 | 1.007 | 1.016 | 1.016 | 1.025 | 1.044 | 1.027 [ 1.007 [ 1.068 | 1.096 | 1.165 | 1.616 | 4.333
13| B |1.018|1.0301.041}1.062|1.164|1.299 | 1.018 |1.023|1.029 1.036 | 1.057 | 1.052 | 1.018 | 1.078 | 1.109 | 1.181 | 1.650 | 4.507
B’ 1.0121.025|1.036|1.057 | 1.160| 1.300) 1.012| 1.018 | 1.024 | 1.031 | 1.051{1.038 | 1.012( 1.072} 1.102 ) 1.172 | 1.626 | 4.365
172 B 1.048 {1,064 | 1.072| 1.092 | 1.190| 1.317 | 1.048 | 1.057 | 1.060 | 1,067 | 1.093 | 1.111} 1.048 | 1.117 | 1.148 | 1.226 | 1.743 | 4.944
B [1.0281.042|1.052]1.072|1.174|1.313 | 1.028 | 1.035|1.040 | 1.046 | 1.069 | 1.065 | 1.028 | 1.089 | 1.119 | 1.191 | 1.654 | 4.434
2/3 B 1.112{1.130(1.137|1.156 | 1.252 | 1.374{ 1.112]1.123|1.126 | 1.133 | 1.168} 1.210}1.112 | 1.195| 1.231§ 1.325} 1.949 | 5.888
B' |1.052|1.069|1.076|1.096 [ 1.197[1.338 | 1.052{1.062 | 1.064 |1.071 | 1.097|1.101]1.052|1.117|1.145]1.218 | 1.689 | 4.504
140 1.304
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Fig.3 An example of Fi, -8 relation
(65=0%, 05=17=0)
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FRAWTENLL®, 7z, B=0° %, Erdogan DEH
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Fig.4 An example of Fi,1,-/2/d relation
(07=0", 07=12=0)
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