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A Rectangular Crack in Transversely Isotropic Half Space
Subjected to Normal or Tangential Tractions
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(1. College of Civil Engineering and Architecture,Shandong University of Science and Technology,
Qingdao, Shandong 266590, China; 2. Department of Civil Engineering, The University of Hong Kong, Hong Kong,China)

Abstract: A rectangular crack was analyzed in a transversely isotropic half space by using the boundary element
method. The crack face and the free surface of a transversely isotropic half space are parallel to the isotropic plane of
a transversely isotropic material. The crack face is subjected to normal and tangential uniformly distributed loads
respectively. The stress intensity factor (SIF) values associated with the rectangular crack are calculated from the
crack opening displacements. According to the numerical results, the effects of the free surface of the half space,side
ratios (a/b) of the rectangular crack.the elastic coefficients of the transversely isotropic material on the SIF values
are considered. The results show that the free surface has substantial effects on the SIF values of the rectangular
crack subjected to normal loads and has relatively little impact on the SIF values when the tangential loads act on the
rectangular crack surface. Furthermore, the influence of the free surface on the SIF values mainly depends on the dis-
tance from the crack surface to the free surface,but it is almost independent of the side ratios (a/b) of the rectangu-
lar crack.

Key words: rectangular crack; stress intensity factor; dual boundary element method; transversely isotropic

material; half space

MEAE R X B A SRR JE Ak IR SR S0 ik B Y A BT B ) A 0 5 Ok Bz B T AR AR BE N BB O . TE
WL g2 X SRR G — TR BORRAE . FESMRAT AR T L RS0 v A7 78 = N1 R By 5 L Rk A
(AR N 287 NS NI A O = v = e el N A 3271 R W s [ =S i 1~ S S R 8
—

Y FE HHA:2011-04-25
ES&TH:HEBARILIH (51079081
YEE R A EREQ77—) B RS A PRI B E NG R ) S B S O AR

E-mail: bingjun. wang(@ yahoo. com. ¢n



FIRELE Journal of Shandong University of Science and Technology
21
F R FRAF AL B8y B AR P = 2 3L AL SME o AT

TE2E L BT 2R ) 2, I 7 58 BE IR (stress intensity factor, SIF) J& R AR REUR Ui I J7 5 1 2 B0
X = Y LR XE LA 3 N ) RE DR 1 A A L TR A R A BB T vk . i T R OT O ik B RS
JEE 1Ry + 3 A Ak B g 0 A8 A JRE R LA B TG R g R~ TG BIR S ) Y A s PR T AR RS R M R AR R T2
B e Weaver " gt sy T 28807 4 (9 L4372 SR B 7 16 20 B JE BRI 53 v st i B, Pan 26
R FIX B 0 FL o077 B 00 A T JC R S A B R TR R B R SRS IR T R R AR A K R T 30
FLICTT i ST T 2SR 5K D04 TG P47 3 S R RS BE BRI 2 A Mo B SR R . I b e AT OR 6 3
FLICTT VAT T RO A% 1a] R P RUZ AR AR RS0, 1 R AR R I BT T AT T A R G BR 3
B JBE B R e 1 ST B0 L R T B R S A b i IE T B0, BRAF T SR T T A B T T8 R s
(9 R0, A SR O 00 0 R i B AT T A R A b R T R SR ST T 4 A PR R Y R
JysR B D F o EVRBES R R OC Oy B T O B AR R B L A Gy S B B SR IR . RS R
22 J2 XoF TG PR SBRCRIAT BRI A 5t v 14 R 0 R AT 20 B 1 A AL 381068 > I BIR 38 0 4% 1) [ 44 A T ) 2R 2023 AT 1Y
FHOCSCHR . AR 5 i 3t 5 O > JO BRI R A, L 7E 2 47 A TR A op L g s R b RO O 4% 1) S L AR T
RN R (EoL PURAUNER R R 3 (S BN A N 7 L R ARG S g i (DR S SO K BUR ST
G0 AT 1 2 J0 BRABOL A5 1o ] A R v Y = R R S

1 EREBNEENE @ EEM X BERTAE

L1 ETHEHEASEOREMBEABOXBARRSTE

1995 4F {5 0 B T XU BE0LAS [ [5) AR B AS % L T 2007 4F 4 Ji 1R T B A il 1 X 18 3 S
TCIENY . R X R T T AR R B AR S BBy R A s Ry R E T
I3 BT A BRSSOSUZ AR i i) 280 . 0 BT R 1) 340 SR D0 3 36 T A T PR SEROOUE A R R ) 2R ) AL It
I R A AR T R O B A

t: Cypt ) + n Cypt )J +T,fffk(yﬁ st ) Aue (e ) dl (2 ) = 0, (L
r

Forb ey Mo 230 0 IR R s T O B B — AN T s my Qo) O RGUIHTN Y SME R TT 10 5 T 9 BUZ AR
WA 1) [a) P Ao A AR R B % R R s A (e ) D ZRETTT R SR EAS 5 ¢4 Qo ) D 2R GUHHT b 5 R Ak 19y 1
1.2 BRMSFENBER X

K 3 R (FESI0M 2 FARELE S0 (Y 9 15 SR IT Ok B RICRBUE Y BT AR A i A AR R

9
x = D et =1,2,3, (2)
=1

Hrig (= 1,2,-+,9) 2 ICIE R E .3 Fh B ITHYIE sRBCTE SCHR L2 4 i
X 2G0T B RS Y 0L L A 2 0 B R SRR 8] WL B T SR AL RS (R

Au;, = Zgjgp,Auf,z':l,Z,Bg (3)
%71@5(@7572@%%5&%9&&%E@/}Eﬂzv%ﬁé é MR AR S T, AT R T A 28 i 5%
Au; = ZO] VIt geduli=1,2,3; 4
BT 1 AR SLE] W LR KR A -
Au; = [Zglj VI+EVT+pedul,i=1,2,3, (5

1.3 BHERRIONLERZE
FAED FEF N A TS oG ) BT A g — R RN .

"1 "1
JﬂJﬂT”f*kﬂy(f"’V">’f@"n"ﬂsoz(fw/)g(s,vu<s,77>dsdr;o (6)
SE () B G SY By A o 0 A A T T L AT A5 X 9 W R B



mmﬁ*ﬁ 22 %315 Fo6H Vol.31 No.6
%*@ 20124 12 B Dec.2012

g6 = 1 MTRE T MHIC. g = VI+ X FRA N BHEIG.g@Gp = VI+E VT4,

e Kutts BURBUA RO M85 5B 28R TR ABR AR (&0 s BIABR AR :& = & + reos 6,
y =y +rsin 0,

K (6) AEE N

x|

oo SRFUR B 8IC 1 AT = A B HEAT IR e 0T A AR 4T B TR 5 2 A=A E
B0 = 1.2 AR e 0 F MG b FLR AR Sy A0 AT BRI 42 3 A SATE 0 m = 1.2, 35 I
e G FHOCH R ILH RIS 4SS B m = 1.2.3.4,

3 A B2 3 9D BB DL MR R BB 1/ 7 SR TR T Kt s R
PEET 1R BUY R R BR BUA RIS C T 0 MAMEBUT o TAE B 50 19 B BUA2 0, - K(9)
(1 P J2 R4 SR N i R A

0,

"R(0,)
J _ T,jk[y(f(‘yﬁc)91‘(7’,(9)190[(h@)g(hﬁ)](h@)rdrd@o (7)

0,J0

R () 1< Li—1
= dr g 3 el SR 8
Horpsw; il es 2 Kutt 25 H B9 AUE T2 B0 AR & 80N
f(r) - T,;/g[y(gtvvt)al”(r96j)] X gm(ﬁ@)g(ﬁ@)](ﬁ@,->l‘3g (9)

TEAES N 1 G A A 5N 1 r = 0 ARIN RBEBER K%L () € C°LOLR1.H f(n) € €7,
TERCE 50 R A 20 99 GO BEEUE BT 56T + B9 BRES 73 B4 R T 20 19 mlm i BOR AR A 503
BRT 0, N2
L4 MARERFHITE
FEZLIIAE T 5 S SRR S IE SS AR AR R (s aes) s Horp oy AR L T G0E o0 TN R B T REOH 5
DY 1] T SRS A V- T8T Y 52K oy Bl 45 I B T ) AH DD 19 5 18] 62 4 58 SR
Au, = uf (xy sy 205) —w; () 5205 525) 51 = 1,2,3, (10)

ARG SCRRL L, 72 B B 2R o A 9 3 ) W7 52 88 -5 2R 10 7 58 52 IR 7 9 56 AR 200

Au—2 [P, (an
T

Heo Au = [Awy s Aws s Aus ]" ok = [Ky LKy s
Ky " o = #2000 Jp o B B 5L 2
Barnett-Lothe 5K & 4R T 5y % 4 b5 1R 2R
AR & ] S PR R A

oK Rl g - N A ORIV S
K Ky Ky 25l & 8K R 2¢ IR
KAV 52 B3 S R A Ar 2 p I Y I g 5 R TR 1
AT TR, B . T B SIF = K/p(rc)'”,
I B SIF = Ky/p(xo)?. 1l # SIF =
Ky/p(re)?,

TR 2

2 TR R RE T B SH 1 R0 E AR R B 6 T B ABCD R
(AB b4 2a,BC i1 20,1, T 518 E TE S M)
e BT B P S L

A rectangular crack (2a X 20) in an infinite space
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Tab.1 The maxium SIF of longer side versus a/b due to uniformly

distributed normal and tangential loads respectively in infinite domain
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Tab. 2 The maxium SIF of shorter side versus a/b due to uniformly

distributed normal and tangential loads respectively in infinite domain
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Tab. 3 Elastic constants of the transversely isotropic half space
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Fig.3 Variation of SIF values of single crack with distances = due to uniformly distributed normal tractions
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Fig. 4 Variation of SIF values of single crack with distances = due to uniformly distributed tangential tractions
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Tab.4 The maxium SIF of longer side versus a/b due to uniformly distributed normal and

tangential loads respectively in semi-infinite domain
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Tab.5 The maxium SIF of shorter side versus a/b due to uniformly distributed normal and

tangential loads respectively in semi-infinite domain
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Fig. 5 Variation of SIF values increasing amplitude relative to infinite space at middle point of

rectangular crack tips with side ratios of a to b
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Tab. 6 Elastic coefficient ratio for seven different rock types

AR R ST E./E. Uiy / Ve G./G. o AR <
Rockl 1.0 1. 00 1.0 1. 0c
Rock?2 2.0 1. 00 1.0 1. 0c¢
Rock3 3.0 1. 00 1.0 1. 0c
Rock4 1.0 0.75 1.0 1. 0c
Rock5 1.0 1.50 1.0 1. 0c
Rock6 1.0 1. 00 2.0 1. 0c¢
Rock?7 1.0 1. 00 3.0 1. 0c
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