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Fig. 1 The model of the open crack
SR PR A7 728 460 7 0 44 24 S 1w A8 46 Sy SR (B
N4 LT A1 AR H 3 B (B Y P L AR 4 06 R oK
ﬁg[G]

2= w(® = R(mE+1/8 (2)
A
_a—>b _a-+tb
m= e R = > 3
SRR R AT S/
2GCu, +iu,) = ke(& — L& (&) — 4(®
w (&)
€]
PE— LM AR 2 P b w, Flw, BIRIRE
u, =— dcos 0+ esin 0
(5)
u, = ecos 0+ fsin 0
Hrp

d=—R+ Do {[(n, — DA +1) —
2(1 —A)cos 2a]/8E};

21— sin 2a .,
8E ’

f=—R&k+ Do {[Gn +DA+1) —

e =—R(+ 1o,

¥ % R 5 19 %
2(1—2X)cos 2a]/8E} (6)
d e 1 f 0 R 80 AL FE S 8. G By AR
isxﬂ‘jﬁﬁ9(ﬁﬁ
3—v N
P et ETH IV ST
3—dv; TN AR

2 32k B 2 o R Y A AR O i

% JEF) A o B L S R R R
A BE AR A TTTE P 5 i 24 SUT R 7 AR 5 OR Y
I JUHXS T AR B I B FE AR /N A
JE 30 B PN 15 A SR T AN i 7 TG OG  (H 5
JE B SL LT N 22k FE b BE I T BE P G, DT B
A AR AL BT LA 2 05T R 80 A A
i A AR SCR U R AN IT R ST T P
M bR 2R Euler A B &R Fll Lagrange A F5 &. Euler
AR BR FR R IR AL AR AR L AN BE N g R A 8 Ak i A2
1k s Lagrange A2 i £ Fifi fin 28 it #% 09 722 Ak 1 722 .
B = ST AL bR R AE A Euler 2845 &R, B € - 1 2
bR ZRAEHR Lagrange Abbn F. 24 24801 A9 24 i #4 5
KA AR PR AR e R AR X B 2 K R AL €
ST A6 A8 B B W6 & A2 AR Ak, AT Lagrange A8 FR
R R 2.
e BT R LB i B b, | 4 = A
) ZEL0 TR ) & T AR S8 I a7 o)
doy  7E & V- TR I 7 22 7 22 a5 ok doy 1
TR %, IR H 8 45 R AR e ] 2 -1
WLARJGTE = i 5t doy SEA7 B4R 5L X FE ik
1 = T AR 3] T RS ol # rp 2w i AR
AR AR TR A Lagrange 25 RIS
AN ARJE B AL B Euler A bR R rp i A7 AR B 315
ki
TH iR &, 280 S 807 B 2 D L R
f R (2 s IEUR , B AL S HL e
E AN E X I R TH A B J7 R
x = (a—d)cos 0+ esin 0
y = ecos 0+ (b+ f)sin 0
Hrh d e F1 f AR RSO B B S 80, | T ok
HuymR I Re g kA, AT HL 2 R
PR3 N7 o 17 SR T B O A A2 4 (8) AT A8 4k
2= w(® = Rn, &+ imé+1/8 (8

P

o



| &

WA BEET SR ME R S0E A A E AL 547

(a—d)— b+ 1)
a—d)+ G+’

2¢ .
(a—d)+ B+’

R — (a*d)—zﬁ—(bﬁ—f)

m, =

m, =

9

AR B AR R () | (5) X TR
(R R A )
d=—Rk+ Do {[(n — DA+ —
2(1 —2X)cos 2a|/8E} ;
e=—Ru+ 1o {[2(1 —X)sin 2a —
(1+X)m,]/8E}sin 0;
f=—R+ Do {[Gn + DA+ —
2(1 —X)cos 2« ]/8E} (10)
X I 48 2 80T B A8 BT AT LS ROE n =X
(7) W75 H P A 22 48 0 mT LS X (8) , 4k 22
=AU o D o =
P b 2 30 T A A0 e A L HOE A Al B 5 e
BN ST T DR AR AZ B A 50 (8) L (9) , R
SRABAT BN R T7 BRI S d e T BIVAT LUK 3 m
A B AR AT 2 far T 20T AR

b+ fle) A+
8G

d(d()) = (e + 1)

dot et DS

(a—d(o) +b+ f(6)) (A —A)sin 2a

3 g k8 RS BOR R

R it 24 B0TH AL B S H ) WAROR 2 TR AR B
1o A v LG0T R R 4 AR AR TS Y R, RN AR
TE AR 5 45 B % P L >R 2R (10D 313 RD
A AR SO T g B T 24 8048 T8 45 K 11 19 Bl 1) ml
e — e R 22 IR % B A B o R h 2 &g
T A 7R (18 75 A Xt 4 0 T 57 A% S BRI B ) L K
JUAAT R 2R 1 ) A A SC 43 HE R AR T8 R 6 v O i3t
TR ST AL T S B S A EAE A, DA T 43 AT
B3R AR LR R AR L LA R B A A R SR N
AR JE 2R M T B 1) S ST R T S B R 2

R 4 2% 2 1 R B ] 21 24 ST R AR 1 AR Ak X
Vit 190 54 L 7 S A5 W AR /N TE 43 BT b 0 B R
FH AR U f 17 F7 5 100 B 5% 24 40 T A8 T 2o i ) 22
2 8 4 3 T AR Y A AR A E HL R R )L T X A R
LA TR S d(6) ve(o) F f(o) BY

WL —Z 0y =0 flo, = Ao, 34
LI Y HT A R P L R BN d (o) e(o) I
F(o) AR ST do VEFHT , LA B S50

dCe(o)) =— (6 + 1) 3G

(a—d))(14+21)

k+DA—MD[a—d) +b+ f(o)]cos 2a

1—X[a—d()+b+ f(s)]cos 2ada-
8G ’
k+ DA+ Velo)
do + G do;

do (11)

d(f(e)) = (k+ 1) 3G

X1 Ik, vl 45 R oA B S50

d(O'l) -

do +

2 (k+D[6A 42 + (a+ 6T —2A)cos 2a]

8G

do +

0 8G

(k+1)(1—A)cos 2a

" gy B DIA 4D 4 (1= Dcos 2a

A 8G

]da*fﬁd(a) do;

8G

0 8G

“ (k+D[A+21) — U —2A)cos 2a

8G do +-

. d(o) G

(o) — J (k+1D A+ Delo)
' 0 8G

K (12) H de) M f(o) AR —4 Voltern 2 — 3
B IT R T FRAH (12) Al S

d(c) = Cie" +Coe " +a;

f(o) = Csen” + Cie " + b

e(oc) = Cs(o)e” + Cye 7 +

Flo) = Jal (e +D[aQ+2) — A —21(a+b)cos 2a]dG+J-g1 (o) (e + 1) (1 —Ncos 2a
! B e

(a—d(o) +b+ f(6))(1 —2A)sin 2a

]dd;

da—flomtn
0

3G do (12)
2873;%“ % (13)
Hop
kDAL
: 8G



548 A % ¥ I kA ¥ ¥ # 549 %
_ a—bA+A —lat+bd—2Acos 2a _ (k+DpY
G = 21+ 0 Be = el( 4G ) (16
c —_ latod +A>2+( (a +>b><1 — A)cos Za M 6) AT AT 45 1082 2 RO AR X 3 22,
2 1+ ‘ - S
- 56 C16) T LA H 34 8 K T 9 3 /0 T B 9 99 1)
C _ a+bA+1 —(a+b)d—2A)cos 2a - - s a0 ok L A 50 S
3= 201 F 0 B B, SR 46 P 1 8 2L a0 AT A B S R 2 AR
o —_b=a)A++ a+tbd—Acos 2a /N o B SR TS CLOD T3 2R 0T 14 4 0 5 5
2+ K R AR K I, SR 2 Pk 40 T 2 5 K — 5
C.(o) — (agfffk;“sm 20 1 2 S AR SCHIE A 2 (13) T S v
a[’—“**g)(f”“’sm % 4 it B

C, :_ggliisin %2 P AEE 7 2 R AE A 280 28 T 7 B i

MAEC13) BB AR RO L% 2 B %
e KA I s 20 28k A A 50 2 4 K ek O 50, AR 2
PR HE R0 VR BT 32 04 s 408 288 A R /N LB AH O

R T IT B3 AT AR R R L [ IR TSR A L X
DL A RS 05 B (13) 1E 0 = 0 Ab#EAT Z8 ) R JF Al
s

d(o) — Z r' [Cy +l<'* 1)1(32]((%

)+ Ad;

i=1

flo) = E r'[C; +Z('* 1>IC4](%)i+A]";

i=1

(o) — %i ril [(4—27'1)i1'+ (=D 'a] >
< !
N
(5) —+ Ae (14)
AR (14) Y = 1 B, B2 e F ikt
SR GBI AW > C A
— b+ — A= (a+bcos 2a_

d =—&+1D e ;
e = (k+ 1 (aer)(lgg/l)sm 20(6;

S a(l4+2) — ({1 —2X)(a+b)cos 2a
fi=—&+D e >

(15)

K (15) HEAH S EM LA (6) AH[E , B

LM (15) AT DLaB A 20 e P A (6), iX N —TF

T g5 i 1 20T 7 78 28R IR (13) B IE A k.

L p=a(14+2/2.p HifKET, 4546

(15) A 45 3 2 M 55 M 8028 T8 2 8000 dic K 48 %t
W2EH

Ad :_a((K+l)pj“_

4G ’

(et DpY
Af = [)( G j,

v, TR ST 3 7% 2 RO S 7 S B0 2 i
e TR RE At} 2500 48 1) A8 {EL OB T i B DA A
FBOXH 02 32 50 NE 7 (B A9 A8 S, BT T AR AR
DB B L B3R 7 Ik R S T AR bk
A B BT A3 AT AR Sk S R R
M Ir B QL2 A HOR B A B 8 8
fit Voltern 35 —JEHR 73 Jr Ft 4 W] 45 2 SU I 4 B 2
B BB YIRS G iR aR ] SRR 25
4 1.

5 5Bl oy b

AR T BRCE R B SR S R E
=1 GPa, AR L v=0. 35,84 0, = Ao, , HLLLHI S
B b=1.5 cm.a=10 cm, I FE42 0. 02 cm,a=
30°,

a5 1 01 =70 MPa,A=1;
%2 .0t =70 MPa,A=0, 5% 1.

T 5e 4 5R 2 (100 A= (13) T3 R AL Hi i
TSRO S AR, OF T T R MR
R 2E QR 2 R 3, S 2 e B ST A A 2
B AR LR R

LR 2 R 3 S Hr AT H RS A T SR
B d SRR (B R P 22 ) A R L F A 7y B
(BRI Z PR A 22 3185 /0N o 3 R X (16) By 11530 45 SR AR
. Nt X — i Y i 2 ik B Clin 3 /N T 5Y
VIR R , 240G B S 80T B 45 R R i =X
AD IR LU TS5

R B8 T 2 (1% 4 S0 THT A4 7 2 5000 A5 0 4 2k i
FLGCTH A B ) AR AL L QIR 4.



| &

WA BEET SR ME R S0E A A E AL 549

0 20 40 60 80 100 120 140
o/MPa

B2 mHEaARTRxEHESEL L

Fig. 2 Displacement parameters varying with loading
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Fig.3 Error of displacement parameters varying
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Fig. 4 Sharps of the crack surface varying with loading
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Research on deformation of crack surface
of rock masses under high confining compression

LI Qiang'*, YANG Qing"'*, LUAN Mao-tian'*

( 1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology. Dalian 116024, China;
2. Institute of Geotechnical Engineering, School of Civil and Hydraulic Engineering, Dalian University of Technology ,

Dalian 116024, China) )

Abstract: The law of the deformation of the open crack surface under compression is researched. The
methods of complex function and conformal transformation are combined to construct the parameter
function which describes the deforming crack surface. Furthermore, the new expression of conformal
transformation for the deformed crack is deduced to analyze the characteristics of closure and fracture
of the open crack. Considering the large deformation of crack surface under high confining pressure,
geometric non-linear analysis method is utilized to fix the parameters, whose results are contrasted
with those by linear analysis method, and it is shown that little error is caused by small deformation
assumption. Based on the proposed method, the deformation of crack surface is calculated under any
loads, which shows validity of conclusion. The above result develops the theory of nonsingular
fracture mechanics, which will provide the theoretical basis both for the study of closing law of crack
surface under compressive loading and the study of the crack deformation’s influence on the crack’s

breaking.

Key words: fracture mechanics; law of deformation;closing law;confining pressure;open crack



