e L
)

®ol HaW 5 o+ B L % W Vol. 9,No.4

19874F TAH YANTU GONGCHENG XUEBAOQ July, 1987

THEAPNEAHERSR

CRRABHETRK, L) CmEXE, RO

i’ :
AARZ LR BB RS RR—FOL SR, SR ENT, B TRE (8

By WAMSHY A EREXRGFRR, XFMBRETWEDRMGEE RS a5 B
BRTRESHK,

T gl -é‘;;

RREE, BT IRRBCER LA REDRER, HHOaRANTE, KislE
OB T AT, S P 0 D o A S B T L2 2 5 B 2 0 5 M T 6
W, JUH BB ISR R A T, S B D2, A T sk St
m,

N TR EHBHIW, EHRTEME, B8R RE SRR E TR, X
AL AR AR, —REREH P FEEEAAN, MR bR BT
B, BBEARTEHREE A RRRERGSEMRTHE., Wi, LR
R R R A ) R R RO, R B TR S R A & T S
thy BUPRA—E R X | |
MR, SRR RS — R SRR A TR TR R RE S
R, (4 AL IR DS BT, AR RORIAS, % R T R IR i
PYIEITR, RN R TAR R R RN, R, MREERAR, S
S EI9A, WINE SR REGE T — R % 1 S, R R AL, T
JiVh, SRtk L HIEL, -

B T S S PR 1 1 B R T BAHEA

Ox=dpey+dyey+dysest diPey + disPyat diePss .
Oy =dyes+ dyey+ dygea+ doPxy + dogPye+ dyePax
gs=dg 8y + dyy + dgs€et {5134:.?:1 +dsgPyet dsgVax

: ' (1)
rey = dyey+dyey + dysts+ duPsy + degPyst d iV ax ‘

vys=dgex+dgey + dglet du‘?x.ar + dgsVys + dgePax

Tyx = dgex+dgey+ desex + deyPsy + desPys + d.aa?ﬁ..



24 2 + I B ¥R 19274

Hdiy=dy Ciy =192y 6) -

R LA Z 8 20 50 3 R AY IE 28 4% 11 etk £,

dij=0 (i=1,2,6355=5,6; izj)

InF-pi—F R EPE P HWNTY, BULZ HRERDIERH -, WSl b
BXRAMBIEER, TEUAMRLE SRR

{o}=[D{e} (2)
Hp {o}=[oxr oy 72y1T {e}=[3= ey Pxy]T
=-fdll du dls

(D]1= ;dn dyy dszl' (dyj=diisis 1 =1,2,3)

‘dyy ds, dsy”

DR IRE, BE LA EBOR SR ARy, b B B A SRR BRYER, DU
%ﬁ%ﬁ*ﬂzﬁtﬁ’f’ﬁﬁﬁlﬁ‘n v, AN E AR R E,v), DL SRR AR M (g
97 90 B LA B R IEHT B i) TR 1) 0 BV I AN, B 17 ) 59 e
i Z 8D EA

o Y CE; v Bia)

L7 .
Y. AYE . .
‘4-\ ‘/\;;.\,.I«:?::?H%m”?:: v Byay

Y

[¢]
Bl EAEE

Fe TR AR YEEY, BNIMEECLE THESHMA. HbiR(Gerrard) % T
HARE AN TRAEHBIE, SFHTRAE-E, 4, ZHMEERBE S RIS
Bome | PR RANRRY, RERESTEE-RHEIY., ERSUVHE, wBERR
HHA K ZRBP A BRXRFHT RBCRE) WHE AR e mREiEs)
N G R B R )R, DMEME R R R SR SAEM AR N M S
B, A3CET53CHRC 3 MRMBAE, SO0 4 THEAH BT TR A, R, £n
A AR A R R R R,

o BB EE AR

BikH5, eBfakR BB —AT e HRIELES RBWEEK, B d
HUNER, BETHEREHEDNASRE2 (), MBHHEFE Yoy MEP2E (E
2(6)), JHRBEICTHKAPTHE, MEHOMMEERMRLIOME, BbRHREERL Y,



%4$“ A WEA MR 35

Y o
v
amffjj NN

X X

/(L -Bidy

B
o
=Y

a) W)

B2 KEWHELE
m?ﬁﬁﬁwmﬁﬁmﬁﬂﬂm,ﬂuu%ﬂﬁﬂ&&ﬁﬁ%%ﬁﬁﬁﬁ,ﬁﬂﬂm%
&S, HHEBHNHHEERESAES (a))

{o}i=Lox; oy; vxy;17s {e};=lex; &y; wpry;IT

ARMBL T, BARE BIHE 3 (a))

{o}r=Loxr 0Oy, vxy,17; {e}r=lex, ey, ‘ Pryp )T

DR AR A 1Bl PR i B B AR &R (B 3 (b))

{o }1.= Loxy own T;yij! {_8' h=Cexy €y Pry ]*_r

B LR B S B D RAR A, MBI Z R %2 .
C1 )R R

7. Eapdx Prrs Bdv
% e o o == SR
| g T 7
j
an - I i
o) | i [ /
i | :
‘ | j
] 4
iju 7. £, ﬁd_\'# l_.____..._.._l.J
. y l"
v, Yi (q) Eady
7y -t EqdxYayidy
o X e
Ty __J___l__ — .\:"d\-‘
| —
axI —L o IF I
I | ;
] | !
il el Sl Bl £ (h
o,

B3 PR, SRS R AR A



36 # + I B8

o

# 19874F

gx; = (1 = B1)ox, + Biox;
Oy1 = Oyr = 0Oyj
Tayr = Txyr = Txyj
( 2)PrEsthild &4
Ex; = 8xy = By
ey = (1 = By)eye+ Brey;

Pars = (1 = B))Vxyy + Biyay;

(3 a)
(3 8)
(3¢)
(4a)
(46)

(4

(A B, B WEMR AR ON. FRREHBENR, W

i Ox; = aj8x; + b8y,
Oy, = bi'exj + cpn2y;
Txy) = di:?xn

ik Uxy = Gplxyp + bylyy

Oyp= brrgxr t ety

Txyr = dr}'x:rr

(5a)
b)
c)
a)
b)

c)

(5
(5
(6
(6
(6

Hrhaj 505156151 9d5; H *ﬁﬁﬂﬂﬁﬁﬁ#ﬁﬁ‘ﬂ R BE, 6,90,,05,c,,d, B RAY

MR RE, v, WE, A S R R R

_ . FEC1-v)

G=C =T )1 -2m)
Ev

b=t =1 (1<)

_ E

d= 91 +7%)

B3 b)), (556).(6 b))

b 1&x; +cji€y; = beex, tcrey,
HBR(4 o) e = ex, RALRE

cir€y; = (bp—b'j)ex, + creyy
BR(3c) (5¢), (6¢)F

dirPxy; = dePry,
B4 6).04 cHPIAH

1
€y :E'[eyl -(1-8ey,]

7)

(a)

(b))

(c)



B4y 5&@% FEE #%Eﬁﬁﬁﬁﬂ

Pxyj = "i [yey— (1 - B1)¥eyrl

R(HIRAR(a), RIIRAKRCH)IHNHEAE:

by~ bn)
1

B *r+(1"ﬂl+ﬂ1

d
Pey1=(1 - B+ 8, 7'!;’”)'1’*7?

HR(4 a)Pex =ex, B(e), (fOFRE:
{e}=CHL{e},
He 1 0

b, - b v
1t 4 -B1+ B :“

tra, = | e

0 0

hA(3a).(5a).(6 a)A,

Ox; = ( 1- ﬁt)tarex’- + b,e,,] + ﬂltanex’ + b”ﬂ,}]

R4 a)hes=ex, RRCOHRA LR

ox1=[(1 - By)a,+ Biay; + B,

+[(1 ~B,)b, +B! """ Cr]err

HR(3 6IRA(6 b), R(3 c)H)RK(6 c)A:
Oy1= b rexe + 0y,
'l'xyl:dr?xyr

BR(9).(A),Ci)A:
{o}hi=[Die}s

o

[Dlg;-

|

b
0

)e,r

0

1 —131'*‘317‘1]!1‘)

b,
on (b;-— bn)]exr-b

(1-Ba,+Bi6;,+ B %(b,— bj,) (1 —B;)b,-+'ﬂ, :“ c

Cr

0

(e)

)

(8)

(9)

(9)

(11)



38 # & 2 ¥ R 19874
R8O ¢ RAXCOH:
{0‘}1=[:D]°j[}'j],*i{e}l (12)
£ LD} =[DILH]™ (13)

RA2)FRHIER AR X0V, duf— 418 G Ak R DR AR TR, [DLEN
K BRJR T P SR YR R
FHRADRIFTTOALG T 3 12 MBI RYES R,

¢ Bi(1 —51)(br"l"b’i1)(bi1f_uét}_
% (1 -foe,+ s+ ci (1 = By) +c.B,
—_a _ b,rC}L(‘_J.__“‘ ﬁl) + b’ilc'rﬂl_
L0 1, ]‘ eir( 1 ‘Bl)+crﬂl
0
bren( 1 — By) + byerby 0
en(l - ﬂl)+crﬁ]
ciclr F
(1l = By) +eeBy 0 a1
0 - - drd]l

d (1 -y +d.By |

#H-To, =b, b= bmf??b').[_f}]: s —Xt PR R, E[EJI mﬁﬁkmﬁﬂj%ﬁﬁﬁ‘r Wy,
Ejy 0,8 HE. Bk, BTE RPN DB RRTNE, REVHESERE-FERL i [H
k.

FEBFREAE X0V, (B 1), REYEE RS,

[DY=LTLIDLLT LT (14)
K cos?(a; — ay) sin?(a; - a,) - sin2(a; - a,) |
LT3, = |sin*(a,—-a,) cos®*(a;, - a,) sin2(a, - a,) (15)
%sinz(al -a;) - —;~sin2(al -a,) cos*(ae,-a,)

=, Wa B E AR R

AR RBYE AR, WMRZAH A e, , HMEENL, (AR, WA 7
Hak(@E1), REBRRX0Y, th, RRFHEAEEAGE DR BREDHIH
10},=Lox, 0y: Txy,]7; {e}o=Lex, ey, Pxy,1T

FiZ SRR, REVNEEEHE HEEREMIZH

{ohi=Tlox1 oy T 1T {e hh=[exy ey, Pry, 17



Ha A GRS TEE R R

BAE (O = d’18xy + d’ 1oy, + d’ 5Py,
| Oy1=d’ ey +d ey + d’ 1epayy
Txy; = d’glex] + d’s,ey, + d’ss}’xyl

Hd';(i,j=1,2,-6)ARA3)NHID], BTH,
RN AR AR A

{o}i=Lox; oy; 7xy;1Ty {e}y=Lexy &y; pxyy]17T

A7 /,.O'xi:aizsxi"“b;zen

_!
L oyy= b ey + ety

L H
T'ryizdiz?xyl

Hrhay b5y 5550505d 5, BATERBIREAVBEME B BE 15,9, B R(7 ) BE,

5RX(3), RC4)FEM, Fify,
0x2= (1 = By)oxy + By0x;
Oy = Oy1 = Tyi
Txy, = Txy1 = T2yj
{Bxg =8&x) = €xj
] = (1 = fy)ey, + Biey;
peya = (1 = B)vey: + Baveyy
i RR R R R R I A 1 TS R A 3
{eh=LH1L {e),

Hip , 1 0
Al = b, d’y,
[sz = 63 Cis ! “ﬁz ﬁz Cj
d’s d’s,
{ ﬂz d;: ﬁz d;:

{o},=CD1{e}
Hevh LDly=

b
[ (1-By)dy+ Byajp+ ﬂzc_::‘(d'n-—'biz) (1-8,)d’, + B,

‘ d’y

L
i . d_'s:__

0

ﬂ _dfﬂi
2

Ciz

’
1-6,+ ﬂs‘ﬁ'

biz !
Cyz d'n
d’:z

d’!.l

39

(16)

(17)

(18a)
(18%)
(18 ¢)

(19)

(20)

1
(22)



40 ® + T B ¥ #

199 74F

(1-B)d’ s+ 8, bie d’,q \
Cijz |

d’s | (23)
d’SS |
#4 [D.=CDI1,;[HI™ (24)
ﬁlj{c}zztﬁjz{ e}, (25

R (25) HREBIRR X0V, hE AR HE B G EHN T % &,[D, B A B
FOW [ R B ERE, MR(21), Q3TUEH,(DY, THREHEEKR & % %
¥, B _HTHEBMEEER = REEHE.

AR XOY (B 1), WinHEERHHAMERER,

[D)=CTLLDLLTIT (26)
Horp
_cos*a, sin*a, - sin2a, _
J
sin*a, cos?a, sin2a,
[T ]3 = (27)
1, 1
( -2—81n2az - -z—sin2ag cosa,

MRELE, =E;,=E;, Vi1=9;3= 0, a;=0%a,=90°, ljf,

ED]zz
( ) E.E, . . 0
| A-B8)1-BIE,+(1-B)BE, +B,E,
! 0 (1-B,)1-BE,+ (- B)BE, + B,E,
I
0 0
0
0 |
1 (28)
- E.E/2 |
(A-B8)A-BDE;+(1-B8)BE,+BE, )

X G DL AR ELIE 2 Wl R AT 5 B R R — B

. 2 RS A BB R R
PR ATRDBNEE, TUGEETERERARXR IR



% 45 R %E%#H’Jﬁﬁﬁiﬂ 11

&%ﬁ&%c Q- R EREEE | MRBEER X0V kM HE R,
B
dui"l dlzl"l dili-l
s PPLALI L d,si™? (29)
dsli"‘l dszi"l d‘asi"l
FAX OV, hiOX: $IFHTH i 4,

B3 SNBSS B (E 0, DO BRERM 056505156 5050555d 3, BIETTIRAYH X 5
BBy RUDYi-, iy HE ALK H

[D]‘-]z

P

J dz b’]‘ d:z dgsi 1 |
— ; e 1 -Bi+ B B cn
L d“ - ﬂiﬁ?;—:_ 1-Bi+8B d;'s |
(30)
[D1- 11 =

f

|F<1 Bid i+ Biay + By "‘(du' 1-by) (1-Bidyt "B - b”

d:l‘-l dzaf"l
AN - Z -
d“i 1 d”s 1

b
(1 -Bd; i ' + Bl'al:'daai—l

r
|
l (31)
d,i™? j
d“i*x
PR, B ARG R ENE .
LD} =CDy, LHL™ (32)
EECD + DINRBIRRX1,0Y ¢, b sERb
[DY=CTLKIDLIT X" (33)
Hp
cos?(ay ~ ajz.1) sin?(ay - a;544) -sin2(a; - a;4,)
[T2i= |sin*(a;-agy,) cos*(ag — @) sin2(a; — @g41)
1. 1.
L sin2(a; - azy;) - E--snnZ(a; - ysy) cos®*(ay ~ aga1)

(34)



42 H# + I B ¥ R

aj ay WA i, i+ THNESF A
MBEEILZE o HNEAYR, Wi =1,2,,02,8%i=nka.=0, [Dl=
[D, [DIA% - H Ak LAk IR A R AR EE R,
(B FEEHE,=2.0x10'MPa, » =0.2,% 3T P94 VB U8, VB4R ™
WREB(E, v; B; @) M:€0.2 0.3 0,05 45),(0.4 0,27 0,10 75),(0.8 0.250.15 105),
(1.0 0.23 0.20 135), F; ({3l A10*MPa, a;ffy M bR, 5% A ahspdl 4R %,

198 74E

, L.245 0.392 0,013
(DL~ 0.302 1.452  —0.044 |
- 0.013 - 0.044 0.443 /
1.257 0.427 0.036
[D1 = ' 0.427 1.370 0.067
*0.036 0.067 0.478 /

WEBIT RN, TERRNASRR R, S kSRR SR —RR e, A
BATHBRER R, Bk, EF5E RS, 20750 K R ER Ry %3
6 A BRULTTE, % MR YIBIRE R — R & B

R BARARRS E R T . BB - DEANEDRIRES | AR MR E
OX,VoZ; ity GREC D3y HES, HIEHAAAC D PRRE dai ™ (k, 1 = 1, 2
e B )o

P — BT BTN, FAEEEATEROX.Y, (A 4), HFLf

CH1; =
1 0 0 0 0 ]
0 | 0 0 0 0
ds, 70" 5 dsa’ by des’” dst” dyt! dg ™t ]
i ciy Ci 1= Bi+ By c by Ci; g iy bi Cij
0 0 0 1 0 0 |
dg'™! des’” _9_'53"- dst™? dgt” di'™?
Bi di; Bi di; Bi ds, B di,” ! -Bi+ B d; Bi di, ‘
dof”! dgy*”! (des™! deat” deg’” dest™!
) ﬂi d{ BI di ﬂx d“ Bi dz 5! d; 1 "ﬁl Fﬂi d "



%4#&

(DT =

=124

|(1 - Bidd " l'*‘:gdii“"ﬁi

(] _ﬁl)dl“' 1+B: 1:+ﬁa

TR, WEA R ERT

43

!
(1 - Bddygi™ + B2 g i
Cij
., b’ .
(1 -B0d' "+ Br i: “dgyt!
’
(1 -Bpdy ™' + ﬂi'&c'i "dsa‘_l_

(1 = Bduet™ ‘+ﬁ;b“dsa

dgi™? (1 = B)dy*?
dyi™ (1 -Bpdyi
dssi™ (1 - Bdi™?
dyi™' (1 = B1)dy "t + Bydyy
det™ (1 -Bdy'?
dee*™ (1 =B0)dy"?
B ANEYIR G A R RE

[D)i=L[DY;,,,LHY™

(1 =B80d.""+pidi;+ B c::
i1 .ﬁ‘_i_
( 1 - Bl)dzg +ﬂl ci d

(1 -Bpdy ™+ 5!

(dn T=by) (1= B)daytT l*ﬁibil"ﬁ

(35)

(da"-l— )

'(dsz'-l - bi i>

i-1

d“i 1

(1~ B)dyi™ l"'ﬁl b“ da i-1

(1-Bodw + B 5 "“ Lyt

dnl“l
dns“l
dni-:
d“i-l
d“i-l

d“i'l

du‘-l
d”rl
daat"l
d“,‘-l
d“l"l

dﬂﬂz-l

\]

(36)

(37)

EMXBRAROX 11,Y 1012, 5OXY i Z; MR MR ETF
] I & 7
‘ X; Y{ Z£
Fom & %
Xia Iy m; iy
Yia lis mis niz
VAR lis mig nis

B4 ZRTELHK



44 A I B E R 19874F
MESL i + 1 M REHERROX . YViadi, v, HEBAGRBEERES

(DLi=LTLIDLITNT 38)

1i,? mi,® ni,> 21;,m;, 2m;i niy 2n;d4, .

;’ I;.2 my,® ng.’ 2l;,my, 2m;an;, 2n;.0;5, |
s mig® ng? 2]3am;g 2mignis 2nislis

i

(T

lidi, myymy, niMiz Limg, + liamyy myng, +maong, ngdiy + nioli; |

liglis miasmis nygmis ligmgg+ ligmyy  myonis+migng,  niolis +nislis

\IIiSIil MisMiy; NiaNi; Ii.'smt'l + lilmis Mighy, + Minig "‘Slil + ﬂillis
(39)

i=1,2, ", 6, %i=18/ [DL=LDI, (DI, hEBaRNMEERE, HX
(35).(30)fMya, b, b, ¢, dIFMRCTIFE.
FEARXAXMES S, WERGHDTF S UL TR R T8, 53bs L, WRUERMPL PR
RETERMIF SR, RINALARGETH RS R TR RM T iX— .
fi. % B

AR Y. B TERE AT DA & M, mR RS s
AT sE R & E Rk ik, KR IERL 7R 2R 7 s b AE AR T DUl i 5 B o A T B AR B
S B sr ITE o

2 F X M

11 XALRE. BEMGHR, ditEJ13e, Wme T HiRSE, 19794,

[2] Gerrard, C. M., Elastic Models of Rock Masses Having one two three sets of
Joints, Interanational Journal of Rock Mechanics and Mining Seciences & Ceo-
mechanics Abstracts, Vol, 12,No. 1, Feb-1982.

[ 3] BERG, KEWBESV, KLEWLIVXE, WHTVHRME, 198144 J

L4 TREETE. TR, NIRRT EAHARN I NE X RV, KITEBENR, 19834E55 2 1A,

Elastic Models of Jointed Rock Masses

Zhang Wu Zhang Xianhong

(Research Institute of Water (Tsinghua University, Beijing)
Conservancy and HydroPower,
Beijing)

Abstract

It is assumed that the rock mass with multi-directional joint is nearly a contin-
ucus elastic anisotropic medium. Mathematical elastic mcdels based on elastic con-
stants of jointed material and intact rock mass, and geometric parameters of joints,
are presented for uni-directional (statified), bi-directional and multi-directional

jointed rock masses.



