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On Computation of the Stress Intensity Factors in the V-Notched Plates
using a Contour Integral Method

J. W. Kim, S. D. Kim and C. S. Hong

Abstract

The plane elastostatic boundary value problem with the sharp V-notched singularity is

formulated by a contour integral method for determining numerically the strees intensity

factors.

displacement and traction vectors on the plate boundary.

The integral formula is based on Somigliana type of reciprocal work in terms of

The characteristic singular solutions

can be identified on the basis of traction free boundary conditions of two radial notch edges.

Two numerical examples are treated in detail;

a symmetric mode- [ type of notched plate

with various interior angles and a mixed mode type of cantilever subjected to end shear.
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Appendix A

In terms of the complex variable z=x-+iy=re®, the
basic equations of plane elasticity for equilibrium
configurations in the absence of body force have
solutions with the following representation in ter ms
of complex potentials w(2) and Q(z)

L (=20 @~ a()

U+ ithe=
Gortie=0'()+0' (@D —~22"(D——a @ (AD

Gon—ic,=0'(2)+0'(2)+20" (D +—a' (2)
We seek nontrivial potentials of the form
Q(2)=Az* w(z)=DBz* (A2)
Writing z in polar coordinate form and substituting
(Ap) into (A;) yields the folrmulas
ks -
u,+iue:—;#—e"“1“’°{/cAe‘m——AAe““~B}

CrrtiGe=AA"le i1 20 {Ae"“"+ (Z—X)Ae‘“—g}

Goo—1iC,0= A, 2 lgmit+ 10 {Aeezzo+E} (A3)
At the notch faces, the traction is free
O'oe—io'rah:_uzo <A4‘)

By substitution of (A3) into (A4),
relation is obtainted.
Aeiae ) deitet-B=(

the following

Ae ¥ QAs~ie L B=() (A5)
We set

A=Re(A)+iIm(A)

B+Re(B)-+i Im(B) (A6)

The following relation results from (AS) and (A6)

(cos 22a-+ 2 cos 2a) Re(A) + (A sin 24a) Im(A)
+Re(B)=0

(sin 24+ 4 sin 2a) Re(A) + (cos 2Aa— A cos 2a)
Im(A)—Im(B)=0

(cos 22+ 2 cos 2a) Re(A) + (sin 2Aa— A sin 2a)
Im(A)+Re(B)=0

—(sin 2@+ A sin 2a) Re( A) -+ (cos 2Aa—2 cos 2a)

o] &3t Vx| o] YA F A4 239

Im(B)=0
We transform Eq (A7) into matrix form
(cos 22a+A cos 2a)(Asin 2a—sin22a) 1 0
(sin 2Aa+ A sin 2a)(cos 22a—2A cos 2a) 0 —1
(cos 22a+ A cas 2a)(sin 2da—2Asin2a) 1 0
—(sin 22a+ 2 sin 2a)(cos 2da—2A cos 2a)" 0 —1

lim 4l _ [0

Re B 0
Im B 0

If the nontrivial solution exists,

(A7)

A8

the determinant of
matrix is zero
(cos 2ha+A cos 2a)(Asin 2¢—sin2da) 1 O
(sin 23a+ A sin 2a)(cos 2da—Acos20) 0 —1|_
(cos 2Aa+A cos 2a)(sin 2d¢—Asin2a) 1 0
—(sin 22+ sin 2a)(cos 2ka—Acos 2a) 0 —1
After manipulating the above equation, we will get
the following characteristic equation.
(sin 22+ A sin 2a)(sin 2a— 2 sin 2a) =0
Therefore
sin 2Aa=—Asin2a for symmetric loading

sin 2Aa=2 sin 2« forantisymmetric loading

Appendix B

The corresponding complementary solutions are as
follows:

-2
TRES 52_71— Lc{(&+2A)cos(1+ )0+ cos(2h a

+(1—2 D) — 2 cos(@a—(1—-2A)D} )

+ JZ "= L0sin(1+L00+sin(2l @

+(1‘C1)0)“‘CxSin(za—(l_‘(:l)ﬁ) ]
Uo*= N/—EC{ £—2y) sin(1+4,)0—sin(24x
+(1_2x)0)"2xSiﬂ(za—(l—l‘)ﬂ)}]

L' {(s—C)) cos(1+E;)0+cos(2la

4/___
4+ (1= T+ (1—L)0+8 cos@a—A—L)01 ]
/Z
1_{_,5 (- A <3+11)COS(1+X1)6

+cos(24; a+(1—A)0)— A, cos(2a— (1—4,06)} ]

'\/7: —(ltgD
T I (gD e (3 L)sin(1+ 800
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— ¢y sin(@a—(1—£)0) +sin(2¢ a+A—-L0N} ] —Zycos(2e—(1—C)0)—cos(2La+(1—-C)D}]

—_— A
12
st et (L A)sin(1+ 20 oo = J e A RS+ A0
S T

— hysin(2a— (120 —sin(2ha+(1-2)0)) a1 00— G000

Z
{iﬂ L8 (= {(14E)cos(1+ 80 */ —(=L)r R (—c' (= (1= C)sin(1+L)0
—2;1 Sln(w—(l”‘C1)ﬁ)+Slﬂ(2czf¥+(1 L))




