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ABSTRACT

The lault clement is used 1o handic soft clay strata in a rock mass. The formulas of clasto-plastic stilTness

matrix [or the fault clement are derived using the constitutive relationship between plastic increment stress and

strain. A numecrical cxample ol a circular tunncl with sofl clay strata in the rock medium are cxamined.
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I INTRODUCTION

Dctermining the clasto-plastic stilTness ma-
rx for a rock mass with soll clay strata is an im-
portant problem [or non-lincar [initc clement
calculation. Tn this paper, the [ault clement is
used to handle soll clay strata in a rock mass.
The formulas [or the clasto-plastic stilTncss ma-
trix [or the fault clement using the constitutive re-
lationship betlween plastic inerement stress and
strain. A numcrical cxample of a circular tunncl
with soft clay strata in a rock medium arc exam-
Ined. A numerical example showes that the cxist-
ence ol solt clay strata 1s unlavourable [or the
stability of the surrounding rock.

2 ELASTO-PLASTIC STIFFNESS MATRIX
OF THE FAULT ELEMENT

Solt clay strata and surrounding rock arc
mcdia ol two dilTcrent kinds. In Rel [2], soft clay
strata arc handled using boundary clements. Solt
clay strata is handled using Ninite clements in this
papcr.

The fault clement is itlustrated in Fig.1. The
rclationship between the plastic increment siress
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and strain arc

{da}=[D,){de} = ((D1-[D,]){de} (1
and
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where  [D(] is the plastic stillness matrix of

the fault clement and is a [unction ol stress
and is rclated to the ficld function F; [D] is
clastic stiffness matrix
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hardening paramecter;

H

dA—conslant;

A =0 lor the perfeet plastic rock media

A unificd expression of the yicld criterions
given in Rel’ [2] s

F=p 0 +a,0,~K+a" 4
where

T = (Jxx+ayy+a,,) /3

a=\l12 /g(()g)
I,= [(cr“—ﬂ”)z—i—(rrw—an)2

+(0'77_Jx,c)2+(‘7iy+“37+Jix)] /6
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2(0,)— The functions of yicld curves for

0, on xn plang;

f,— Lodc angle in stress space. When
Bi=0, a,=3x

n=1,g(0)=1

The Drucker-Prager criterion is derived

F=of +yI, —K (5)
o =sing /~ 9+ 3sin" ¢ }
K=3C- cosqo/\f9+35in2go

C and ¢ arc thc cohesion and friction

(6)

where
angle of the rock respectively.

For the [ault clement

F=u0,+[(1-4a; / It 4a )] (7)

For the planc strain problerm

F:ala +o, (1—5012)1/2 ®)
Then, we have
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Substituting ¢qs. (9), (10)and (11)into cq.
(2), we then have

d, d, d,
[D"]=(1+u)(lf;—2ul) e )03
4, d, d,
where
d =M M
d,=d =M MM,
d =M M.
d2J=d32=M0M2M3
d31=d13=M0M1M3 (14)
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The clastic stifTness matrix of the clement

can be writlen as

Cl] Cll CIJ
[D]= 2 2o €1 C €y (15)
(T+ ) (1 —pu—2u)
_C_!I C]Z C]] 3
where
C,=0-4) ]
Cu = C21 = u(l + )
2
CZZ =1— Jii ’ (16) J
¢, =200 —pu—2p)

€ = C]‘l =.C23 - C:u -
Substituting cgs. (13) and (15) into cq. (1),
clasto-plastic stifTness matrix ol the (ault cle-

ment is derived

b 1 b 12 b 13
E
D J=———— | by bn b (17
P ) — = 2u0) l “ )
bj] bll bll _
WhCI‘C b"= Clj_d:] (I, j: 1, 2, 3) (] 8)

The clasto-plastic stillness matrix of the
faull clement in tcrms ol the global system of
coordinales is derived through transformation

[D,,) = [TID)T) (19)
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For solc clay strata clement

coszﬂ sin2(
[17= (20)
—sin20/ 2 cos20

where 0 is the angle between the axis of the
fault clement and x axis; it’s positive dircction is
assumecd Lo be a counter-clockwise rotation.

3 NUMERICAL EXAMPLE

A circular tunncl with two parallel soft
claystrata in a rock medium is illustrated in
Fig.1.
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Fig. 1 A circular tunnel with soft clay strata

d..=1 Mpa, clastic modulus of the rock
malcrial E,= 1,000 Mpa, Possion ratio p,=0.3,
the cohesion C,=0.25 MPa, the [riction angle
@,=35° , the clastic modulus of the solt clay
strata material E; =10 MPa. Using the symmetry
condition, a quarter of the tunnel is analyzed.
Calculation rcsults are shown in Fig.2. Tt is clear

that the compuling valuc is in agrecment with the
results of non-lincar BEM¥!.
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Fig. 2 Boundary displacement

4 CONCLUSIONS

From above cxposition and calculation, we
know that the computing formulas and mcthod
in this paper arc [casible.

The calculated values arc in agreement with
the results of non-lincar BEM.P, Using a similar
mcthod, the clasto-plastic matrix of the [ault el
ement in the heterogencous casc can also be ob-
taincd.
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