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Table 1 NSIFs for oblique V-notched plate
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VP Present Ref. [12] ACYD Present Ref.[12] ACYD
30/0 6.9613 6.9017 0. 8636 —0.0136 0. 0000 /

30/15 6.7367 6.6768 0.8971 —1.2020 —1.2017 0. 0250
30/30 6. 0870 6.0471 0. 6598 —2.2278 —2.1908 1. 6889
30/45 5.1137 5.0975 0.3178 —2.8765 —2.8080 2. 4395
60/0 6.9735 7.0627 —1.2630 —0.3989E-05 0. 0000 /

60/15 6.7367 6. 8037 —0.9848 —1.2498 —1.2468 0. 2406
60/30 6. 0577 6.0705 0.2109 —2.2279 —2.2239 0.1799
60/45 5. 0410 4. 9854 1.1153 —2.745 —2.7388 0.2264
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Table 2 NSIFs of symmetric V-notch under mixed-mode loading
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0.1 70.4076 —12.0972 60. 8039 —0.9509 63. 8598 1.2298
0.2 98.9790 —14. 4782 86.9821 0.5967 88. 5846 3. 1497
0.3 128. 9690 —17.0272 114. 1478 1.9969 114. 4144 4.7558
0.4 168. 4420 —21. 4540 149. 3308 2.8435 148. 5497 6. 0305
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B a/W=0. 3. y=30" R BF 54 IR IG5 K08 n. 140 —
- ¢ ‘ v ,
SRIERE 85 o AR IE TR N X L 3R B I KM S R S T
AR 100 e kx,v=3)
w ~ sol A K@=9
5 il TR BB N T oA [ 7 R0
g 60f (=
TR N 75 BE I K BE & A BR ooy s Bony 28 4k 2 ol Ky(N=2)
Ky(N=3)
500 WA o BT LG 25 B A R TE 15 5 B0 S S Lol e mo-y
7] 07 TSI T K 1Ky 1O 4 58 40 oL "o ramo
L BB R R AR OE L BT PR o AU B0 2 O 52 —pomes—¢——4§— 84—+ 0
— 1 1 1 1 1 1 1 I
uﬁ1+%: %E/J%g I‘é 4'00.0 0.1 02 03 04 05 0.6 0.7 0.8
o (mm )
140 B 6 A B S % B PR T B
120|860 ¢ ¢ '
= K, (N=2) Fig. 6 Effect of characteristic distance on NSIFs
100+ ® K, (N=3)
_ A K (N=4)
I v K0=9) 4 T T TSR T FE A I L N 9 R T K %K
i i K,(N=6)
g Ko=) T35 45 SR W2 B 0 00K T R
© 40F Ky(N=3)
E« sl - K, (N=4)
*— Ky(N=5) X
ok o Ky(N=6) 4 &R
—20 | #— % * : : |
o I A A A At T A PR 1 113857 500 A
e e B i e W 4 22 35 T 280 TR R ) 11 200 49 7 S 17 1 . 5
B 5 vk ECR A FR IC A MOS0 I 7 48 8 TR T 1Y 5 CABEFEAR A ST T AR 3 SO R E TR 40 Y
Fig.5 Effect of selected finite element nodes on NSIFs N 2R I Hool DL E B 08 58 .

&1 6 JIF 7 g A [ 9 AR IBT T N A SCT5 ik B

RN R K B R

ERON AN AR

A LA o 25 0T 00 A i R g 5 T K

WA TR A5 R B R AT 2 A 5 K i

A Ak, T

TG M AT S R AR AR 20 A o 45 B A AR 3 OB REY)
1A R ) A PR R SR T 3 SR A b 17 g o i i
JETT 35 0 Bl 7 A A 30 eR B i fige B 35
B A A A IROC N ) 45 8 %E B T eR B0 TT 5K
I (AR 0 di e » T A B IR 3 SR R D) 1 2R 3



* 596 -

W g 22 4l

2025 42 46 &

BN B URNPAR

THIE T S M RE 280 DT 1R I 5 R DY LA
T2 Sy BE AR 3 i R 280 U0 H R 7 58 BE Y 5. e A
T A BROGHY R0 I A T 00 78 by 30T B3 F 0 A 56
PR 4 B W i 3 2 B A BROC Y OB AN [ L 1 7
5 B DN 2 — AR AR B R FERRE L B AT PR DT
A B0 2 HOA B2 0 4 2R 4 AR . 2 AT
WD I 1N 7 58 5 TR T Bl A R 9 KT 0%
P72 Al T 224 T ST R B e 2 X A L g 5 R A
A R A B 8 R AR R A E

&%k

[1] XuW, Tong ZZ, Leung A Y T, Xu X S, Zhou Z
H. Evaluation of the stress singularity of an interface
V-notch in a bimaterial plate under bending[J]. Engi-
neering Fracture Mechanics, 2016, 168, 11-25.

[2] Pan W,Cheng CZ, Wang F Y, HuZJ, LiJ C. De-
termination of singular and higher order non-singular
stress for angularly heterogeneous material notch[J].
Engineering Fracture Mechanics, 2023, 292. 109592.

(3] #EN. W, M Westergaard B JJ s BORA# 1 - 11
BER AL BT L]. Ji2 5508k, 2020,
42(4): 504-507. (Jiang Y C, Pu C Q. The problem
of T-Il combined plane crack solved with Wester-
gaard stress function. Mechanics in Engineering,
2020, 42(4): 504-507. (in Chinese))

[4]  Carpinteri A,Paggi M. On the asymptotic stress field
in angularly nonhomogeneous materials[ J]. Interna-
tional Journal of Fracture, 2005, 135(1-4) . 267-283.

(5] i, k&, MG, SR, X458, Ay, B9
BER - TR 200 R W AR s AR LT ], R P2
J12F R, 2012, 42(8): 852-860. (Dai Y, Zhang
L, Zhang P, Li S M, LiuJ F, Chong X. The eigen-

functions of anti-plane crack problems in non-homogene-

[6]

7]

(8]

(9]

[10]

[11]

[12]

ous materials[J]. SCIENTIA SINICA Physica, Mechan-
ica & Astronomica, 2012, 42(8): 852- 860. (in Chi-
nese))

MEFE A, OB, DI RE AR L BB B0E B 3 BT Y
(1. WUBRERJE . 2006,28(04): 593-597. (Yan X F,
Dai Y. Higher order asymptotic field research for
cracks in functionally gradient materials[ J]. Journal
of Mechanical Strength, 2006, 28(4): 593-597. (in
Chinese))

Theotokoglou E E, Stampouloglou 1 H, Paulino G
H. An analytical approach for an adhesive layer in a
graded elastic wedge[ J]. Mechanics of Advanced Ma-
terials and Structures, 2010, 17(6): 393-405.
Williams M L. Stress singularities resulting from va-
rious boundary conditions in angular corners of plates
in tension[ J]. Journal of Applied Mechanics, 1952,
19(4) . 526-528.

Yosibash Z, Szabo B A. A note on numerically com-
puted eigenfunctions and generalized stress intensity
factors associated with singular points[]J]. Engineer-
ing Fracture Mechanics, 1996, 54(4): 593-595,
Cheng C Z,Ge S'Y, Yao S L, Niu Z R, Recho N. Sin-
gularity analysis for a V-notch with angularly inhomoge-
neous elastic properties[ ] ]. International Journal of Sol-
ids and Structures, 2016, 78-79. 138-148.

EWT. 26, FRE, WEW, W, BOR M
[ | S okexl o P R TR ) N R VAP I I e T IO R 2 =
Sy 2023, 40(2) : 264-272. (Wang J P. Jiang
W, LIJP, Pan]J Y, Shang Y, Ge R Y. Stress sin-
gularity analysis of plane V-notch in angular non-uni-
form materials[ J]. Chinese Journal of Computational
Mechanics, 2023, 40(2): 264-272. (in Chinese))
Chen D H. Stress intensity factors for V-notched
strip under tension or in-plane bending[J]. Interna-

tional Journal of Fracture, 1995, 70: 81-97.



553 W MBS NN RBOETH R M AR B R ) 0 5 S D ) © 597 -

Stress Function Method for Singular Stress Calculation near the

Vertex of Angularly Heterogeneous Material Notch
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Abstract A novel method combing finite element analysis and a stress function is presented to deter-
mine the complete singular stress field in angularly heterogeneous material V-notched structure. This is
motivated by the challenge of calculating the stress field, which initiates cracks and structural failure.
First, stress singularity orders are obtained through singularity characteristic analysis. Then, the gover-
ning and the compatibility equations for the angularly heterogeneous material are transformed into ordinary
differential equations using a stress function based on the Williams asymptotic expansion. Solving these
yields the stress function expression. Subsequently, coefficients in the asymptotic expansion are deter-
mined from finite element stress results, reconstructing the asymptotic stress field near the notch tip. The
effects of the number of finite element nodes, characteristic distance, and truncation terms on stress inten-
sity factor calculations are examined. Results show the stress intensity factor stabilizes with an increasing
number of finite element nodes, indicating the selection of these nodes does not affect result stability.
Stress intensity factors change with characteristic distance when the number of truncation terms is small,
but stabilize as the number of truncated terms approaches five or six.

Key words stress function, angularly heterogeneous material, notch, asymptotic expansion, stress

intensity factor





