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Summary 

The EIasto-Visco-Plastic Analysis for Rock Displacement of the Foundation 
Pit o[ a Water Power Plant. In this paper a method used in the elasto-visco-plastic 
analysis is proposed. It has been employed for deformation analysis of the foundation 
pit of a large water power plant in China. 

The back analysis of this rock engineering problem shows that the relief of 
the rock initial stresses due to excavation and the theological properties of the 
weak intercalations and the rock masses as well are the main factors which caused 
the large deformation of the foundation pit. 

The results from the calculations are coincided fairly well with the data mea- 
sured and observed in situ. 

1. Introduction 

A large Chinese hydro-electric station is under construction in a wide 
river valley of a hilly region. A river-run type power plant is located in the 
central portion of the river valley. The top opening of the foundation pit of 
the power plant is a square and its bottom is a rectangle, 279 m long and 
28--45 m wide. The average depth of cut is 40--50 m and the upstream 
and downstream sides of the pit are cut into staged berms and other two 
sides into steep walls (Fig. 1) [1]. 

The azimuth of axis of the power-house is 1090 (SE) or 289 o (NW) and 
is nearly perpendicular to the strike of rock strata. 

This region is composed of monocline in structure. The rock strata 
belong to the Lower Cretaceous series strata of land facies and have strikes 
of N 3 0  o E, dips of SE and dip angles of 60--80 . The rocks are chiefly 
argillaceous sillstones with little sandstones and ten more layers of weak 
intercalations. The profile of the cross section A - - A  in Fig. 1 is given in 
Fig. 2. The whole rock mass may be summarized as a bedded structure body 
of gentle and multiple bedding planes with numerous weak intercalations. 
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After the foundat ion pit had been excavated to its initial configuration 
remarkable horizontal  dislocations of the residual walls of presplit holes 
and the large bore holes were discovered along the weak intercalations and 
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Fig. 1. Plans of observations for Rock-mass deformations (After Zeng et al. [1]) 

1. Bore holes (~ 1000 mm) and sequence number, arrowheads point to the directions 
of slip of intercalations. 

2. Presplit drill holes and sequence number. 
3. Observation points on the base-line and sequence number. 
4. Observation galleries and sequence number. 
5. Bore holes for measuring the geostress and sequence number. 
6. Sequence number of units. 
7. Elevations of excavated surface (m). 

the maximum dislocations along the weak intercalation No. 212 is about  
80 mm (Fig. 2). Hence more observations and studies were taken immedia- 
tely. 

The characteristics of the deformat ion observed in this foundat ion pit 
are as follows: 

a) The horizontal  deformations and dislocations have regularly specified 
directions and the axis of the power  house is approximately  a divide lines 
of the directions. The  upstream rock masses moved in the directions of 
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206o--225 o azimuths (SW) and the downstream rock masses moved in 40 o 
azimuth (NE). 

b) Horizontal dislocation, generally speaking, occurred along the weak 
intercalations, especially along four main weak intercalations, the numbers 
of which are 212, 202, 214 and 215. 
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Fig. 2. Constructed profile showing dislocations of the rock masses along the weak 
intercalations (After Zeng et al. [1]) 

1. Argillaceous siltstone; 2. Psephitic claystone; 3. Claystone; 4. Notation for weak inter- 
calations; 5. Direction of rock-mass dislocation and displacements; in ram; 6. Notation 

for ~ 1000 mm bore holes 
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Fig. 3. Displacement curves of intercalation 212 (After Zeng et al. [1])' 
I. Presplit blasting; II. Foundation-pit excavation; III. Clearing and trimming of foun- 

dation; IV. After concrete placement 

c) The deformations of the upstream and downstream sides of this 
rectangle pit are much larger than those occurring on the other two sides 
of the foundation pit. 

d) After excavation the further development of the dislocations were 
measured for a long time. The horizontal displacement curves of weak 
intercalation No. 212 for more two years which is given in Fig. 3 show 
that theological properties of rock masses of the foundation pit must be 
taken into account in analysis. 

tl* 
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In combination with the data observed in situ a nonlinear finite ele- 
ment analysis, including the rheological analysis also, had been made in 
order to make a deformation calculation and to find out the main factors 
which caused the above mentioned remarkable horizontal dislocations. 

The calculation shows that the relief of the residual geotectonic stresses 
preexisting in rock mass due to excavation and the rheological properties of 
the rock are the main factors which caused the large deformations of the 
foundation pit. The values of the initial stresses from the back analysis are 
coincided fairly well with the in situ measurements of stresses. And the 
calculated results of the deformations and dislocations considering the time 
effect of the rock are also good in compliance with the data measured and 
observed in situ for a long term. 

The calculations were carried out on the electronic digital computer of 
Type DJS-8 with using the JR program designed by our institute. 

2. Nonlinear Analysis 

2.1 M o d e l s  

Incremental procedure has been used here in the nonlinear analysis. 
When one of the principal stresses of triangle element used to represent 
rock in calculation has reached or exceeded the tensile strength of rock, 
the element is considered suffering tension failure, then the principal stress 
of it will be reduced much less than the original due to cracking. Therefore 
the strong anisotropic body must be considered in this case. 

The Coulomb strength formula has been adopted here as a criterion of 
shear failure for rock. After suffering shear failure the stress state of the 
element will be determined according to the residual shear strength of the 
rock with assumption of keeping the first invariant of stress tensor as constant. 

The joint element is employed to simulate the weak intercalations. 
The models of normal deformation, shear displacement deformation and 
shear strengths are given in Fig. 4 a, b, c. The tensile strength of joint ele- 
ment is [aT]. When a > [aT] the joint element not subjected to tension failure 
is considered to have tension failure occurring. When V> V or V--V and 
dV > 0, the opened out element will continue to maintain its open-out state, 
then K n = K s = 0  is adopted in this case. On the contrary reclosing of the 
opened out element occurs. The Vmax in Fig. 4, a is used to describe the 
ultimate compaction state. 

Three shear strength lines B, C, A in Fig. 4 c correspond to three cha- 
racteristic points B, C, A in the shear displacement model in Fig. 4 b re- 
spectively. 

The following expression is employed for describing the relationship 
between K8 and a. 

K8 =Kso +~a (1) 

where K~0 and ~ can be determined according to the experimental data. 
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If the sheared off joint element is still in the state of loading and 
continuous to have shear sliding, we treat the problem with considering 
the flow rule of a perfect plastic body. The details of the nonlinear analysis 
method for joint element can be found in references [2] and [3]. 
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Fig. 4. The mechanical non-linear properties of weaknessplanes 
(a) Normal deformation model; (b) Shear displacement model; (c) Shear strength lines 

2.2 C o n d i t i o n s  fo r  C a l c u l a t i o n  

According to the plane strain condition and the profile given in Fig. 2 
for the finite element analysis of this problem, we use the mesh shown in 
Fig. 5 in which the weak intercalations have been simplified as the three 
lines corresponding to the 202, 212, 215 intercalations respectively. 

Before excavation of foundation pit the total numbers of nodes, triangles 
and joint elements are equal to 386, 478 and 121. After excavation the total 
numbers reduced to 337, 381 and 110 correspondingly. 

I 12 III 

Fig. 5. The mesh for calculation and three types of distribution of crx 

The unloading procedure due to excavation of the pit was realized in 
calculation by three stages according to the practical situation in situ. 

We have made some assumptions for describing the initial stress state 
of rock mass of the foundation pit before excavation, i. e. ~ y = - y H  and 
~zy =0. But what about the ~x is not clear. So three types of distribution of 
~x have been taken into account and can be found in Fig. 5. The H2 is used 
as a characteristic value representing the horizontal stress at the level of the 
bottom of the pit. Three different values such as H 2 = - 2 0  kg/cm 2, H2=  
- 2 2  kg/cm ~ and H 2 = - 2 5  kg/cm 2 have been taken in calculation. The I 
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type of distribution of ~x for H2 = - 2 2  kg/cm 2 is the basic scheme, its calcu- 
lation results are best in compliance with the practically measured data of 
deformation in situ. 

According to the tests in situ the mechanical parameters of rock are as 
follows: E=16000 kg/cm 2, ~=0.3 and 7=2.4 t/m 3, C = 7  kg/cm 2 and tan 
9)=1.26 for the peak shear strength, and C=2.3 kg/cm 2, tan 9)=0.9 for the 
residual shear strength. 

Table 1. The Main Mechanical Properties of Weak Intercalations 

Inter- Shear strength Residual shear [~rT] Knl K~0 
calations strength 
No. C (kg/cm z) tan q~ C (kg/cm~) tan ~0 (kg/cm z) (kg/cm 8) 

202 
212 0.32 0.204 0.32 0.204 0 98 2 6 
211 

215 0.32 0.3 0.32 0.3 0 196 4 12 

The main mechanical properties of weak intercalations No. 202, 212 
and 215 obtained from large scale tests in situ are given in Table 1. 

2.3 Some Resu l t s  of N o n l i n e a r  Ana lys i s  

The dislocations along the weak intercalations at the points A, B, C, D, 
E, F, G (Fig. 6) observed and measured when the excavation of the pit was 
just finished can be found in Table 2, and the calculated dislocations at 

Table 2. List of the Calculated Dislocations and the Measured Dislocations Along the 
Weak Intercalations (mm) 

Location A B C D E F G 

Calculated dislocation 20.5 35.0 61.9 85.5 84.0 12.9 28.0 
Measured dislocation 30 35 60 80 60 35 10 

these points are listed here in the same Table. The points B, C, D are located 
in the large holes on the profile of A--A, while the points A, E, F, G are 
projections of the points in the bore holes on near A--A. 

The distributions of stresses and displacements in the parts JD and EG 
of weak intercalations shown in Fig. 6 are given in Fig. 7 and Fig. 8 re- 
spectively. 

In order to check and demonstrate the existence, direction and amount 
of the residual geostresses of rock the stress measurement has been done 
in situ, and three boreholes have been especially set up for the stress relief 
method [4]. Two boreholes of them were located in the area of the founda- 
tion pit of the water power plant. The another one was located at a place 
500 meters downstream of the foundation pit beyond the influence sphere 
of excavation. 
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For every borehole from the groundsurface to the depth of the 40 m the 
stress measurements were carried out at 8--10 points. The principle of the 
used method is based on the measuring the deformations of the borehole 
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Fig. 6. Loca t ions  of some character is t ic  po in t s  
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Fig. 7. T h e  d i s t r ibu t ions  of d isplacements  an d  stresses in the  p a r t  J D of weak  in te rca la t ion  
(a) Relat ive  d isplacements ;  (b) Stresses 
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(a) Relat ive d isp lacements ;  (b) Stresses 

by means of the overcoring technique (Fig. 9). The special equipment for 
measuring the deformations of the wall of the small borehole has the diam- 
eter of 36 mm. In this equipment there are four deformation transducers by 
means of which we can measure the deformations along four different direc- 
tions of diameter simultaneously. The used transducer consists of a thin 
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steel ring with four strain gages. The diameter of the overc0ring borehole is 
about 130 mm. From the Young's modulus and the measured data of the 
deformations of the small borehole after the overcoring process the rock 
stresses on the plane which is perpendicular to the axis of the borehole can 
be calculated. 

a) b} c} 

Fig. 9. The sketch of the overcoring technique 

The stress measurement in situ has proved up the existing of the residual 
geotectonic stresses of rock in the region of the foundation pit. Results 
proved that the directions of maximum principal compressive stresses on the 
horizontal plane were N 30o--50 o E and were basically in coincidence with 
the directions of principal compressive stresses of the recent structure of the 
region as well as the directions of the rock mass displacement of the founda- 
tion pit. The distributions of the measured stresses in situ along the bore- 
hole are shown in Fig. 10 [4]. 

According to the measured data in situ the values of the horizontal 
stresses at level of the bottom before the excavation are: al = - 3 1  kg/cm ~', 
a2 = - 2 3  kg/cm 2, and the direction of the al is about N 30 o E. 

Considering that there are some simplifications used in the calculation, 
the calculated result of horizontal initial stress from the back analysis, i. e. 
about - 2 2  kg/cm 2 is fairly well in compliance with the measured data. 
The details of the calculation can be found in reference [5]. 

The results obtained from linear or nonlinear analysis for this engineer- 
ing problem under the same conditions are quite different. For linear case 
the calculated horizontal dislocation, for example, at the point D is about 
5 ram, but it is 85.8 mm for nonlinear analysis at the same point. 

Besides, we have also done the nonlinear analysis based on the assump- 
tion of that the initial horizontal stresses are only caused and can be cal- 
culated by gravity. In respect of this case the calculated horizontal disloca- 
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tion at point D would not be more than 1ram. So it is no doubt that 
only the gravity couldn't cause such large dislocations after excavation due to 
unloading. It is also proved up by the calculation that, apart from the existing 
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Fig. 10. The distribution of the Geostresses (rl and or2 

of residual stresses of rock the continuous spreading of weak intercalations 
in the region near the surface of rock slope is an important condition for 
occurring of such large dislocations of the foundation pit. 

3o The Analysis of Rheological Properties of Rock Masses 

After excavation of the pit horizontal deformations along the weak 
intercalations still developed. It is necessary to make the analysis of creep 
problem. 

3.1 M e t h o d  of A n a l y s i s  

3.1.1. The whole time T for which we have to analyse the creep prob- 
lem is divided into a sequence of intervals. 

The elasto-plastic analysis was carried out for the situation when the 
foundation pit had just been excavated. Afterwards in order to consider 
the time effect it was assumed that the stress state of the element will main- 
tain constant for each time interval before adjustment has been adopted, 
hence based on the stress state of the beginning of the interval and the 
rheological deformation curve of shearing of weak intercalation the increase 
of relative displacements or strain can be found out. Then the new stress 
and strain state at the end of the interval of the time will be worked out. 

3.1.2. The rheological behaviour of joint and weak intercalations and 
its simplification. 

12 Rock Mechanics, VoL 15/3  
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The theological shear-displacement curves of the weak intercalations 
of argillaceous siltstone obtained from the large scale theological tests in situ 
are shown in Fig. 11 [6]. 
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Fig. 11. The rheological shear-displacement curves 

The time effect cannot be neglected, when the following condition has 
been fulfilled. 

[T]>TA=]~ltan~a+CA, when ~<0.  (2) 

The value of relative shear displacement due to the theological property 
depends upon the dimensionless parameter S. 

S - [fl -[~AI I~J (3) 

and S=O, when IT[ < ITAI. 
The function of relative shear displacement versus time under condi- 

tion S=1 is written as ~ (t), then the corresponding rate of displacement 
versus time is ~ (t) 

da 
= ~/- .  (4) 

The further simplification is that the u (t) and ~ (t) in any stress state 
can be calculated with the following formula 

u (t) = a (t). s (5) 

9) (t) = ~ (t).  s 

The whole time T is divided into intervals (T = X A h). Hence to =0, 
i = 1  

tl=Atl, h=t~-l+Ah ( i = 2 , 3 , . . . )  and t~=T.  
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The relative shear displacement of joint element due to creep at the 
time interval zl t~ is noted by A u c. 

If the external load is not changed during the term of T, and the ad- 
justment of stress is not large, the following equation can be used ap- 
proximately 

LluC = - ( ~p (t ,- ,)+(v(t ,)  ) .  S ( t , - 1 ) .  z l t l .  (6) 
2 

The equivalent nodal forces of the joint element {A F}c might be easily 
calculated from zl u c. Then the {A R} can be obtained, and corresponding 
adjustment of the stresses can be made. 

For interval d t / fol lowing equation should be solved 

[K] {d a} c = {d R}. (7) 

The increments of the stresses at the interval A ti marked as {3 cr}at~ can 
be worked out from {zlc~}c. Then the stresses and displacements at the 
time t =t i  may be claculated by 

The rheological behaviour of the weak intercalation can be represented 
by the model shown in Fig. 12, in which H,  Pi and Ni are the symbols of 
the elastic, plastic and viscous elements respectively. 

r i 
I N1 N2 Nn I 

• 

I P1 P2 Pn I t --~--J 

Fig. 12. The rheological model 

At the moment  of loading (t=0) the elements within the block marked 
by dashed line in Fig. 12 act as the rigid body, hence the analysis is just 
like for the elasto-plastic body. With the increase of the loading time and 
due to the existing of viscous elements, the flow may occur. Because the 
viscous elements are in parallel connection with the plastic elements, for 
which the Coulomb formula is used as criterion P / in  form of S (P~, > Pn-1 > 
• .. >P2 >P1) therefore the rheological deformation will not be appearing if 
S<PI .  When S >P1, and S is increasing gradually the plastic elements are 
sliding one after another, then the rate of rheological displacement is in- 
creasing with the rise of S. 

The adjustment has been made by using the equivalent nodal forces. 
Since during the adjustment the elements within the block marked by the 
dashed lines can be considered as rigid bodies again, the elasto-plastic anal- 
ysis can be used here. 

12" 
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3.1.3. A method of calculating the deformation due to rheology in con- 
sideration of stress history. 

The equation for calculating the relative shear displacement of joint 
element due to creep at the moment t is as follows 

t 

u c (t) = y S (0) -~ ( t -O)  dO. (9) 
o 

The symbols used here are refered to the Fig. 13. It can be also approxi- 
mately written in the following form 

.e  (tra) = ~ S (Oi') c7 (ti m) A Oi (10) 
i = 1  

where ti m = tm  - Oi'. 

0 e~ e~ ti-lel ~i t,o' 

AO i 

Fig. 13. The sketch of time intervals during considering the stress history 

Therefore the relative shear displacement due to rheology at the inter- 
val A Om can be calculated 

m--1 

A u c (A 0m) = S (0m') ~ (tin m) A 0m + 2: S (0t') A ~ (ti m) A 0i (11) 
i = l  

where 
A ~ (ti m) = ~ (ti m) - ~  ( t~- l ) .  (12) 

When the changes of S are not large following simplification has been 
employed effectively in this paper 

~uC (AO,~) =S (0,;) ~ (tin m) AOm + S (0m-l') A ~ (t,~_l m) AOm-~ + 
r n - - 3  

+ S  (0~-2') A-~ ( t~-e  ~) A Om-~+S (0~-3") Z A T (ti m) AO, (13) 
i = 1  

3.1.4 The rheological analysis of rock element. 

The method can be found in reference [7]. 

• 3 G~ S~j (14) 13~Je - -  ~7e 
where 2 

1 
S~j = a t j -  ~- ~;. a~ .  (15) 
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The increments of strains in consideration of time effect at the interval 
for plane-strain problem are as follows 

c . 4  
A EX c ~ ~e 

~e c 
A ~yc = ~-e 

(~, 1 ~ ) )  • A - y ( a v +  t 

1 ~x) ) • A t 
(~v - T (~;~ + (16) 

&~( 1 ) 
d e~ = ~- ~ - g ((r~ + ~v) • d t 

3 G ~ 
Aexv c= T TT v*v" At. 

The ~-~ represents the rheological behaviour. It can be obtained from axial 
(re 

tests of rheology. At that time, ¢e=o',, ~ee=~l e. 

3.2 C o n d i t i o n s  fo r  C a l c u l a t i o n  C o n s i d e r i n g  the  T i m e  E f f e c t  

For calculation of rheology the term of one year after the excavation 
of the foundation pit is divided into 21 intervals. The total term of the 
first 10 intervals lasts one month and each of them is in turn equal to 0.083, 
0.083, 0.124, 0.25, 0.46, 1.0, 2.0, 3.0, 7.0, 16.0 days. Each of the rest 11 
intervals is equal to 1 month. 

It is appropriate to assume that the theological deformation of the 
foundation pit after excavation is caused by the stresses due to unloading, 
i. e. the difference between the current and the initial stress state of rock 
masses of the foundation pit. 

~o(t} ( 10 "8cm l  day)  
J 

6 • - -  Calculation 
t 

5 x x -  Measurement 

x 
2 ~ × 

1 ~ o ~ x  . x ~ x ~ x  
r I 1 r i r s 

0 1 2 3 4 5 5 ? t (day) 

Fig. 14. ~ (t) func t ion  curve 

In accordance with the measured curves obtained from the rheological 
shear tests in situ the following expression can be used approximately to re- 
present ~ (t) (Fig. 14) 

(t) = (0.34 t -2"1 + 1.774 t -1.a°7 +7.25 t-°'662)/486 (17) 

where ~ (t) . . .  cm/day, t . . .  day. 
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Because of lack of the measured data after 7 days, some different as- 
sumptions are used for ~ (t). 

Considering lack of the experimental data from the large scale tests 

in situ about the rheological parameters of rock, 3 ~ =2.5 x 10 -7 cm~/kg. 
2 (re 

day is accepted in calculation in accordance with the observations of defor- 
mation during long time after excavation and this parameter is approximately 
equal to the value obtained from laboratory tests of the rock. 

• - -  M e a s u r e m e n t  

Disp. x - -  Catcutat ion 
(ram) 

• - -  Catcu[ation (rock 
2 0  r h e o t o g y  w a s  

ne 9 [ec ted  ) 

100 200 300 t ( d a y )  

Fig. 15. Rheological displacement curve at the point D of weak intercalation 

3.3 Resu l t s  of C a l c u l a t i o n  fo r  Creep  P r o b l e m  

The dislocations at the point D (Fig. 6) due to rheological properties 
of rock for one year after excavation are calculated and given in Table 3. 
They are in good coincidence with the observation in situ. It can be seen 
in Fig. 15. 

Table 3. The Rheological Dislocations Along the Weak Intercalation at the Point D 

Rheological time 1 7 14 30 90 180 270 360 
(day) 

Rheological disloc. 0.04 0.07 0.09 0.14 0,33 0.71 1.15 1.63 
(cm) 

The deformations of the foundation pit at the moment when the pit had 
just been excavated and at the moment of the tenth month's end after 
excavation are illustrated in Fig. 16. 

The dislocations at the portion JD of the weak intercalation (Fig. 6) 
at the moment of one year after excavation are also shown in Fig. 7. 

3.4 D i s c u s s i o n  

A lot of examples under different conditions have been also calculated 
in order to investigate the influence of the selection of different methods of 
the treatment and rheological parameters. The conditions of calculation for 
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some of these examples  and corresponding dislocations at the point  D are 
given in Table  4. 

Table 4. Some Examples of Rheological Calculation and Their Calculated Rheological 
Dislocations Along the Weak Intercalation at the Point D 

Rhhological 
No. of parameter of 
example 3 G c 

rock - -  - -  
2 O'e 

cm2/kg • day 

Rheological timef(day) and rheological 
dislocations (cm) 

1 7 14 30 90 180 270 360 

21" 
+22* 
24* 
25 * * 

0 0.04 0.05 0.06 0.09 0.17 0.28 0.37 0.45 
2.5 x 10 -v 0.04 0.07 0.09 0.14 0.33 0,71 1.15 1.63 
1.0 x 10 -v 0.04 0.06 0.07 0.11 0.24 0.48 0.75 0.85 
0 0.01 0.02 0.02 0.04 0.13 0.24 0.34 0.43 

+ The basic scheme. 
* The rheological behaviour of weak intercalations was calculated according to 3.1.2. 

** The rheological behaviour of weak intercalations was calculated according to 3.1.3. 

F rom these examples  some things are clear: 

a) General ly speaking, the rheological  behaviour  of the weak  intercala- 
tions is much  more  obvious than  that  of the rock. But it does not  mean  
that  the rheological  propert ies  of the rock can be neglected when dealing 

x - -  At the moment of the excavation had been just  finished 

" ~ ' ~ - ' - x - ,  • - -  At the of the tenth month's moment end after excavation 

o, s 1o• \'<,. . " Z /  
, i Scale of the pit . . . .  ~ - - " - x ~ = ' : = = x = ' = l l /  . . . .  

O 10 2,0 cm Scare of the deformation 

Fig. 16. The displacements of the surface of the foundation pit obtained from calculation 

with the rock  engineering problem.  The  dislocation occurring at the point  D 
not  only depends upon  the behaviour  of weak intercalat ion but  also the 
rheological behaviour  of rock  of the whole region (Fig. 15). 

b) The  theological  pa rame te r  of rock  gives the large influence on the 
dislocations of weak  intercalations of the founda t ion  pit. 

c) T w o  methods  for  estimating the rheological deformat ion  of joint 
element including the me thod  in considerat ion of the stress history are 
quite different, but because the changes of stresses are not  serious the dif- 
ferences between the results given by them are ra ther  small. 
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4. Conclusions 

a) A method practically used in the elasto-visco-plastic analysis is pro- 
posed in this paper. It has been employed for deformation analysis of the 
foundation pit of a large hydro-electric station in consideration of rheological 
properties of rock and weak intercalation. 

b) A back analysis of a rock engineering problem based on the some 
data measured and observed in situ in accordance with the particular con- 
ditions, generally speaking, is often helpful to gain an insight into this 
problem and get some useful informations and results. 

c) For this large hydro-electric power station the horizontal initial 
stress of rock at the elevation of the bot tom of the pit before excavation 
is about - 2 2  kg/cm 2 obtained from the back analysis. It agrees fairly well 
with the geostress measurement in situ. 

d) Apart from the existing of residual stresses of rock the continuous 
spreading of weak intercalation in the region near the surface of rock slope 
is an important condition for occurring of such large dislocations of the 
foundation pit. 

e) In many cases, even if the rock is soft, the strata are nearly hori- 
zontal, but the existence and influence of initial stresses in rock (residual 
geotectonic stress) often seem to be an important factor which should be 
taken into account in rock engineering problem. 

f) The dislocations of weak intercalation for a long term not only 
depend upon the rheological properties of itself, but also the rheological 
properties of rock. In this example the calculated dislocation of weak inter- 
calation in consideration of only the rheological properties of weak inter- 
calation itself is merely about 1/4 of the observed data in situ. 

g) Both methods introduced in this paper for calculating the theological 
displacement of joint element including the stress history give rather similar 
results if the external loads are not changed and the changes of stress state 
during the whole process are not serious. 

h) The relief of the initial stresses of rock due to excavation and the 
rheological properties of the rock masses and weak intercalations are the 
main factors which caused the large deformation of the foundation pit of 
the hydro power plant. 
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