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Abstract
Most engineering materials exhibit brittle behavior, such as composites. The main cause for fail-
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ures of engineering structures has been generally recognized to be the cracks in brittle materials.
The crack-tip stress field must be the basis for establishing fracture criteria. So this paper will fo-
cus the discussion on crack-tip stresses under mixed mode I + II + III loading. Typical stress boun-
dary problem for the orthotropic materials is considered to be solved by the method of linear elas-
tic mechanics. First, the basic equations of elastic mechanics are determined for three-dimensional
space problems, and the governing equations are solved based on the theory of complex variable
function. Second, the basic equations are solved by using the stress functions and the coordinate
transformation. And finally, the general solutions of stress components near the crack-tip are de-
rived for the orthotropic materials under mixed mode loading.
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Figure 1. Orthotropic body with a crack
E 1 SRGUERF MK

DOI: 10.12677/ijm.2020.94014 124 VAEZT T


https://doi.org/10.12677/ijm.2020.94014
http://creativecommons.org/licenses/by/4.0/

H

pa

2. BENFEKER

W UL AR B S K 0 2 2 T I RT VR G SR AR IS B TR L, 6 T TE S AL A B SRR N AT e 1 TR A
SEHEBORAEHANE A W E BN =TT RS # 5 ST . O T IHEIR & R EUR
HENEDT, Se SR s AT R . W TS (A SR R P & RN IR (RIS ARAR D), TR SL i )~
fits 7> TR -

oo, 8er or

+ +
OX oy 0z
arxy+60y+6‘rﬂ:0 1)
oXx oy oz
or,, 07, Oo

OX oy oz

GERI G R AEAE T, % s IR (X, v, 2) 7 B BLRS (U, Uy, Uy ) 0550 B 1 S A8
R BRI, HRAE LT OR R TS LUR T
ou, ou, ou,
E =—, §, =—=, §, =—
“ox Y ey Y
O]
_0u, 0ug _0u,  Oug

ou, ou
2,73 14,773 =—14772

T = Tyt T e T Y Ty ox

IR AR 2 B T AR, MR AR R, ICE UL R R . 1R
(AL (X, Y, 2) SAPRRE T T — B, U 5 R R
O-x = Cllgx + Clzgy + C13gz' Tyz = C447yz
O-y = Clng + C22‘t":y + CZSSZ' sz = 0557)@ (3)

O-z = CIBSX + C23gy + C33£z’ z-xy = Cee?’xy

KRNI R E Cy FoRIINL S 5 RAER R o R TR REL S R BN 5 R IR AR, W =4k
SR AR TTFE

& =S,0,+ Slzo-y +530,, Ve = SMTyz

1EAE

gy = Slzo-x + SZZO-y + 8230-2’ 7xz = SSSTXZ (4)

&, =S50, + stay +850,, Vi = SGGTxy

NPRERL S, 5 TREFIERHI KR N:

1 Y7, 1
811:_’ 812:_&:_A’ S44:_
E, E, E, Gy
1 7 Y7, 1
S,=—, Sy=-"B=-3L g5 =— 5
22 E, 13 E, E, 55 Gy, ®)
1 Y7, Y7, 1
Sy=—") Spy=-"F=-"%, SBGZG_
Es E, E 12

FEVT R 5 R SUFR AR AT, 3 K AR bRl y 16 9 R ST (VR T 17, BIZRSURTAT T A4845 x-2 I,
W 1 PR . IERZ AR ETT 1) 1-2-3 7350 5 AARRHN X-y-2 AT o 5RPEARSZ I, AR A 2% R A A i
W, B Uy, Uy, U 70BN X, y, 2 TR IRERS o B3R BUR I X % mU AL A 10 AR ANEE 2 224k, 02 x,

DOI: 10.12677/ijm.2020.94014 125 VAETIS


https://doi.org/10.12677/ijm.2020.94014

a4
H

y FIes s, B
U =U (X% Y), Uy =U,(X,y), Uy =us(X,Y)
MR LT RE Q) IBEE AL AL R B, AR 7 B R4
ou, au,
g, =—, &, =—=, &,
ox' ¥ oy
_ay’yxz ax’yxy_ay ox
AR, NARSNEEA 2 B, & =5 (Xy) . HEARYIETEQ@) WA, MASEEAEZ X y
MREL oy =0y (XY) o LR RILETFAS), THES A R AT P 5 F 2 LR R B 2

(6)
e

e, . d%e, _ %7,
oy>  ox*  oxoy @)
i _
oy OX
TR0 B AANKE 2 A8k, PR (L) Al e
0 0 0 0
00, 9% _g, 0w, %% _g 0%, OTn ®)

x oy . ox oy X oy

AP T AR R B N i oy, BEUIHESLRME TR T o, AL, WTLLRNS . 4 T 5T H 75 i,
W&o, ~0, ERIEHHEN T o, A BFER T . Bk, ¥ z 77 0 IE R ANE R ASE 885N, #
ARG 25, DA SRR ) J 73 A 45 LA TR AL o

KT REURRARTE AL Sy 5307, B USRS DA, DRk AL b 2 1 S7AE RS0 R S b (An 1] 2 By
IR)e Bz B REURIRTCE, X HidE A REUHTY, y BN RS AR TT . FE x-0-y V- N EE LA AR AR
Forg, MRAFRRIIARIK R N:

X=rcosé, y=rsing 9)

y

=

pd

z @]

Figure 2. Crack-tip zone and coordinate system
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