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s y n o p s is  The fo rm u la tio n  and so lu tio n  are given fo r  prob lem s,w ith in  th e  scope o f the plane 
problem of e la s t ic i t y , f o r  e v a lu a tin g  the s tre s s e d -s tra in e d  s ta te  of s o i l  masses w ith  a 
c u rv il in e a r  boundary su b jec t to  the a c tio n  o f su rface and boay (g r a v ita t io n a l  and in e r t ia )  
fo rc e s . Laws of s tres s  d is tr ib u tio n » p re s e n te d  in  the form of s tres s  is o lin e s  ,a re  analysed. 
The a p p l ic a b i l i ty  o f the obtained s o lu tio n s  i s  demonstrated by s p e c if ic  examples.,

The most im portant problems of a p p lie d  geomechanics concern the eva lua tio n  o f th e  n a tu ra l  
stressed s ta te  of s o i l  masses and p re d ic tio n s  o f i t s  r e d is tr ib u t io n  due to  the a c tio n  of 
vario us n a tu ra l fa c to rs  and those associated w ith  man's a c t iv i t ie s .  The f i r s t  o f these is  
the more complex and p ro b lem atic . I t s  s o lu tio n  re q u ire s  a knowledge of the h is to ry  o f Hie 
fo rm ation  of the s o i l  m assif and the fa c to rs  resp ons ib le  fo r  the stressed  s ta te . N a tu ra l 
stresses are developed as the r e s u lt  of the ac tion  of g ra v ita t io n a l,s e is m ic  and o th er fo rc e s . 
In  the present stage of development of geomechanics, i t  i s  im possible to  take a l l  these fa c 
to rs  in to  account. T h e r e fo re ,it  becomes necessary to  re s o rt  to  some hypothesis th a t  can be 
te s te d  by f i e l d  in v e s tig a tio n s #  The second task is  less  problem atic and can be su ccessfu lly  
re a liz e d  on the basis of the mechanics of continuous media under the co nd ition  th a t  the  
h is to ry  of th e  fo rm ation  of th e  massif is  g iven .

A c tu a lly ,a n  assessment of the in flu e n c e  of 
such fa c to rs  as the co n stru ctio n  of la rg e  
h y d ra u lic .d iv e rs io n  and o ther s tru c tu re s , 
open-cut m ining of m in e ra ls ,th e  c u tt in g  of 
r iv e r s  in to  th e  bottoms of v a lle y s ,a n d  many 
others ,can  be reduced to  the e v a lu a tio n  of 
the r e d is tr ib u t io n  of the stressed
s tra in e d  s ta te  of s o i l  masses under th e  e f 
fe c t  of e x te rn a l loads or as a re s u lt  o f a 
change in  the surface r e l i e f .  I t  can be 
shown th a t in  many cases the assessment of 
the ac tio n  of a seism ic fo rc e  can be reduced 
to  the s t a t ic a l  problem o f r e d is tr ib u t io n  
of s o i l  masses due to  the a c tio n  of body 
fo rc es  ap p lied  to  each p o in t o f the m assif. 
This holds fo r  the case when the len g th  of 
the seism ic wave is  commensurate w ith  th e  
l in e a r  dimensions of the c u r v il in e a r  p o rtio n  
of the m assif being in v e s tig a te d .

The p o s s ib i l i t y  of ta k in g  in to  account a l l  
of the fo rego ing  fa c to rs  on the basis o f the  
mechanics o f l in e a r ly  deform able media is  
shown below. The r e s t r ic t io n  to  l in e a r  d e fo r-  
m a b il i ty  i s  not e s s e n tia l i f  the a d d it io n a l  
stresses due to  the r e d is tr ib u t io n  of the 
stressed s ta te  are not very large#

A s o il  massif is  d e a lt w ith  as a continuous, 
l in e a r ly  deform able homogeneous,isotropic  
s e m i- in f in ite  reg ion  S which approaches a 
h a lf-p la n e  a t  in f in i t y .T h e  boundary/of the  
region describes e ith e r  th e  e x is tin g  p r o f i le  
of the m assif or th a t  a n tic ip a te d  a f t e r  the

a c tio n  of the r e l ie f - fo rm in g  fa c to r .A c t in g  
a t  each p o in t in  the region is  a c e r ta in  re 
su lta n t body fo rc e  .d ire c te d  a t  an a r b i t 
ra ry  angle to  the v e r t ic a l ( F ig * ) .
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P ig »1»Schematic diagram of the problem

I t  is  also assumed th a t uniform  loads N 
(Normal to  <£ )and T (tan g en t to  /  ) ac t a t  the  
boundary. The problem is  d e a lt  w ith  on the  
basis o f plane s tra in .T h e  s tre s s  components 
&x (x >«7) » 6 y ( x ,y )  and r  v y (x ,y )a re  to  be de

term ined. In  the p a s t,th e  authors have been 
able to  solve a number o f special problems 
sta ted  in  th is  way (T er-M artiro s yan  and 
A khpatelov,1971|1972 and 1975)*Consequently , 
we s h a ll not d w ell here on the so lu tio n  o f 
the problem ,but on ly note the fo llo w in g *T h e  
general so lu tio n  is  sought fo r  in  the form  
of the sum of c e r ta in  s p e c if ic  and supplemen
ta ry  so lu tio n s .T h e  s p e c if ic  s o lu tio n s  a re  
se lec ted  so th a t , in  the f i r s t  p la c e ,th e y  
s a t is fy  the nonhomogeneous equation of equi
lib r iu m  a n d ,in  th e  second place,approach in 
f i n i t y  , i . e .  th ey describe the n a tu ra l s tress
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f i e ld  in  reced ing from the boundary (accord
in g  to  our chosen h y p o th e a is ) .E v id e n tly ,a  
s p e c if ic  s o lu tio n  is  p re c is e ly  the one which 
c a rr ie s  in  i t s e l f  in fo rm atio n  on the h is to ry  
of the fo rm ation  of n a tu ra l s tre s s e s . In  
th is  way we d e a lt  w ith  the body fo rc e s  o f 
g ra v ita t io n  ¿f and in e r t ia  Ks i  due to  s e is 
mic a c tio n , where Ks=as/ /  i s  th e  seism ic  
f a c to r ,  as i s  the seism ic a c c e le ra tio n  and 
¿f is  the u n it mass of the rock of which the  
reg io n  is  composed,Assuming the d ire c tio n  
of the body fo rc es  to  ue according to  F i g . l ,  
the s p e c if ic  s o lu tio n s  are taken in  th e  f o l 
lowing forms

e r s p  g s p

X  y

6  =  X ( c o s B * K s c o s  S ) y
y u j  d )

T  3 P c
1 x y  = g  ( s i i i0  +Kss in  o ) y

At Ks=0 an d^=O f we obtainfix^K 6  y t

and 2 ^ = 0 .  I t  fo llo w s  th a t  a ponderous h a lf 
plane has been taken as the n a tu ra l ( i n i t i a l )  
stres s  f i e l d . I n  equations ( 1 ) ,  K =

i s  the c o e f f ic ie n t  o f la t e r a l  pressuretandy4* 
is  Poisson's r a t io .  The acceptance of the 
co n d itio n s  of equations (1 )  leads to  a new 
problem w ith  new boundary co n d itio n s  fo r  
determ ining a d d it io n a l s tre s s e s ,b u t w ithout 
tn e  body fo rc e s . Th is problem was solved by 
the K o lo so v-M u skh e lishv ili method of complex 
p o ten tia ls ,m ak in g  use o f conform al mapping 
and the p ro p e rtie s  of Cauchy-type in te g ra ls .

The fu n c tio n  which conform ally  maps the 
low er h a lf-p la n e  on the s u rv il in e a r  sem i-in
f i n i t e  region being in v e s tig a te d  has the form

,  /«i  ,Tr. A-BJ Cl  ^ K___1
7.-u(j )=ĥ  Jrd.,

where z= x + iy , S * f + i p j

( 2 )

A ,B ,C ,K  and a are constantsiand h i s  the pro
p o r t io n a lity  f a c to r .

Separating the r e a l and im aginary p a rts  of 
equation ( 2 ; , we ob ta in  fo r  f  = t and <2 = 0 ,th e  
param etric  equations

_  j .  , ( A - B t ) ( t + a )  2 C t  t / / 4 - 2  \̂+.

x=t + t E+172+r— +r e^i T2 +
( t  + i )  ( 5)

7=__Ar_Bt _ zi pl l  + S£| 5=ii
( t+ a )^ l ( t  +1) ( t  2+ l r

which describe  the boundary curves of the re 
gion being in v e s tig a te d .

f ig u r e  2 shows the e x te rn a l contours of the  
s e m i- in f in ite  reg ions fo r  vario us values of 
the parameters A,Bf C,K and a.As is  ev iden t 
from  F ig .2 , the conform al mappinf fu n c tio n  (2 )  
enables the stressed s ta te  to  be in v e s tig a te d  
f o r  a v e ry  extensive  c la ss  of c u rv il in e a r  
s e m i- in f in ite  reg ions.The s o lu tio n  is  o b ta i
ned in  the closed f o r m . I t  is ,how ever,so  
unwieldy th a t  i t  proves expedient to  ca lcu
la t e  the s tres s  components a t  th e  p o in ts  of 
in te r e s t  in  the reg ion  by means o f an e le c t
ro n ic  co m p u te r.lt should be underlined  th a t  

the computer does no t so lve the problem ,but

F ig .2 .T y p ic a l boundaries o f s e m i- in f in ite
reg io n s ,d es crib ed  by p a ram etric  equa
tio n s  ( 5 ) .

only c a lc u la te s  the s tres s  values to  prog
rammed fo rm ulas. Hence,a u n if ie d  program 
has been composed fo r  a l l  reg ions whose boun
d a rie s  are described by equations (3 ) *

The is o lin e s  of the s tres s  components were 
p lo tte d  from th e  va lues c a lc u la te d  by tbe 
com puter.In  a d d it io n , is o l in e s  of s tren g th  
fa c to rs  were p lo tte d  a f te r  being c a lc u la 
ted  by the form ula

1 Ji l t  *2l m ‘f-±Z<k _taJa2f  (4)

^ T m a x o o s y  

where © i ,  and T max are th e  p r in c ip a l  
s tres ses , y  is  the angle of in te r n a l  f r i c t i 
on and c i s  the s p e c if ic  cohesion.

Equation (4 )  expresses the r a t io  o f the  
ta n g e n tia l s tre s s ,a c tin g  a t  a B p e c ific  p o in t  
on the most dangerous element of a r e a ,to  the  
l im it in g  /a lu e  (according to  the Coulomb-Mohr 
c r i t e r io n ) .  E v id e n tly , a t  ^ e ^ l t t h e  p o in t  
being considered is  in  the a ib - l im it in g  s t a te ,  
a t  ‘i s > - l r  i t  i s  in  the s u p e r - lim it in g  s ta te ,  
w h ile  ¿*=1 corresponds to  the l im it in g  s ta te .  
C erta in  re s u lts  obtained in  p lo t t in g  the  
is o lin e s  are i l lu s t r a t e d  in  F ig s .3  and 4 .

F ig .3 - Is o lin e s  o f s tresses and s tren g th  0 
fa c to rs :K = 0 .8 =30°, ¿r=19 N/m3,C=8N/m^
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P ig .4 . Is o lin e s  o f s tren g th  fa c to rs «  ,
K=O.B, ^=20o,C=20N/m2, r=20H/m ;>, 
H=100m

On the basis o f the obtained s o lu tio n ,  
computer c a lc u la tio n s  and th e  p lo t te d  s tres s  
and s tren g th  fa c to r  is o lin e s ,th e  stressed  
s ta te  was in v e s tig a te d  fo r  th ir te e n  types  
o f c u rv il in e a r  s e m i- in f in ite  reg ions sub
je c t  to  the ac tion  of g ra v ita t io n a l,s e is m ic  
and surface fo rces.A n  an a lys is  of these in 
v e s tig a tio n s  enabled c e rta in  g e n era l ru le s  
to  be derived  fo r  the d is tr ib u t io n  o f s tre s 
ses in  c u rv il in e a r  s e m i- in f in ite  reg io n s . 
Under the a c tio n  o f body fo rc e s ,th e  c u rv i-  
l in e a r i t y  of the boundaries of the semi
i n f i n i t e  region does not e s s e n t ia l ly  in f lu 
ence the v e r t ic a l  normal s t re s s ,c a lc u la te d  
from the weight ¿'y of the o v e rly in g  s tra 
tum. The h o r iz o n ta l normal s tresses  are sub
je c t  to  s u b s ta n tia l d ev ia tio n  from the va lue  
KdTy. T an g en tia l s tresses are  developed on 
the v e r t ic a l  and h o riz o n ta l elements o f 
area . The va lues o f these stresses  tend to  
zero in  reced ing from  the c u r v il in e a r  por
t io n s  of the region,approaching zero  much 
fa s te r  in  the h o riz o n ta l d ire c tio n  th a t  in  
th e  v e r t ic a l  one. Considerable c o n c e n tra ti
ons of th e  maximum ta n g e n tia l s tresses are  
observed on the boundaries around p o in ts  
c h a ra c te riz in g  in f le c t io n s  and maxi mum cur
va ture  o f the boundaries.The most dangerous 
zones w ith  respect to  s tren gth  are a ls o  lo 
ca ted  here (see F ig s .3 and 4 ) „In  sem i-in 
f i n i t e  reg io ns c h a ra c te rize d  by sh arp ly  de
fin e d  p ro je c tio n s  and cuts th ere  are  compac
ted  cores which are in  a f irm  s ta te  and are  
lo cated  e ith e r  under the r id g e  of the pro jec
t io n  o r under the base o f the cu t* The most 
dangerous zones,whose development is  i n i t i 
ated a t  th e  bottom of the m assif»extend in to  
those of i t s  regions th a t are ch a ra c te rize d  
by a la rg e  p ro je c tio n . The dimensions of the  
dangerous zones depend e s s e n t ia lly  on whe
th e r  the c u r v i l in e a r i ty  is  due to  a p ro jec 

tio n  above the h a lf -p la n e , the deeper the ex
te n t o f the dæ gerous zones (F ig .3 ).T h e  ho
r iz o n ta l  seism ic fo rc e  w hich,as a whole,im 

p a irs  the stressed s ta te  of s e m i- in f in ite  
re g io n s .d if fe re n t ly  a f fe c ts  regions d iv id e d  
by a depression and those d iv ided  by a p ro jec - 
t io n  (F ig .4 ) *  When th e re  is  a depression in  
a region which i s  c lo ser along th e  d ire c t io n  
of the seismic fo rc e s ,th e  stressed s ta te  is  
im p a ire d ; if  i t  i s  in  one which is  fa r th e r  
away along the d ire c t io n  o f these fo rc e s ,th e  
stressed s ta te  is  improved.On the co n tra ry , 
when th ere  i s  a p ro je c tio n  in  a reg io n  w hich  
is  c lo s e r along the d ire c t io n  of the seismic 
fo re  e s ,the stressed s ta te  is  improved; i f  i t  
is  in  one which is  fa r th e r  away along the 
d ire c t io n  o f these fo rc e s ,th e  s tre s s e d  s ta te  
i s  impaired»

The c o e f f ic ie n t  of la t e r a l  fress u re  has a 
s u b s ta n tia l e f fe c t ,b o th  on the type of 
stres s  d is t r ib u t io n  and the magnitude of the  
stresses .The h igher th is  c o e f f ic ie n t ,th e  
g re a te r  the reg io n  in flu e n ce d  by the c u rv i-  
l in e a r i t y  o f th e  boundaries.On the other 
hand,the h igher the c o e f f ic ie n t , the sm aller 
the g ra d ie n ts  o f ta n g e n tia l s tres ses .

A comparison of the pa tte rn s  o f is o lin e s  
of stresses and s tren g th  fa c to rs  in  semi
i n f in i t e  reg io ns ,hav ing  boundaries which con- 
cid e a t  i n f in i t y  and d i f f e r  in  near-s lo pe  
reg io ns ,enab les  vhe  r e d is tr ib u t io n  o f th e  
stressed s ta te  in  s o i l  masses co be s tu d ied . 
F ig .5 shows the is o lin e s  o f the maximum ta n -

Fig<>5» .R ed is trib u tio n  of the maximum tsngen- 
t a l  stresses and s tren gth  fa c to rs  when 
th e  r e l i e f  of the s o i l  massif is  chan
ged.

g e n t ia l  s tresses  and strength  fa c to rs  in  
s o i l  masses harving boundaries of c u rv il in e a r  
c o n fig u ra tio n  (continuous l in e s )  and the 
r e d is tr ib u t io n  o f these is o lin e s  when the  
r e l i e  f  of the massif i s  changed (dash l in e s ) .  
W ithout d w e llin g  in  d e ta i l  on th e  in te r r e la 
t io n  o f th e  changes in  r e l i e f  and vario us  
fa c to rs  o f r e l i e f  form ation,w e p o in t out only 
th a t  the change in  r e l i e f  e s s e n tia lly  a f fe c ts  
th e  stressed s ta te  of the m ass if.Th us ,the  in 
d u s tr ia l  development o f the foot o f a moun
ta in  m assif considerab ly im pairs  the stressed  
s ta te  of the m assif and extends the zones 
which are  in  the l im it in g  s ta te .T h e  stressed
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s t a t e  c a n  a l s o  b e  i mp a i r e d  b y  c h a n g e s  i n  t h e  

s u r f a c e  r e l i e f  c a u s e d  b y  t h e  d e p o s i t s  o f  s o i l  

o n  t h e  s u r f a c e .

T h e  s o l u t i o n  o b t a i n e d  f o r  t h e  p r o b l e m  o n  

t h e  s t r e s s e d  s t a t e  o f  c u r v i l i n e a r  s e mi - i n f i 

n i t e  r e g i o n s  s u b j e c t  t o  b o d y  a n d  s u r f a c e  f o r 

c e s  e n a b l e s  a  mo r e  a c c u r a t e  v a l u e  t o  b e  

f o u n d  f o r  t h e  f i r s t  c r i t i c a l  l o a d  o n  f o u n d a 

t i o n  b a s e s , c a l c u l a t e d  a t  p r e s e n t  b y  t h e  P u z y -  

r o v s k y - G e r s e v a n o v  f o r mu l a .  I t  i s  k n o w n  ( T s y -  

t o v i c h , 1 9 6 3 ) , f i r s t l y , t h a t  t h e  c o e f f i c i e n t  o f  

l a t e r a l  p r e s s u r e  i s  t a k e n  a s  u n i t y  i n  t h i s  

f o r m u l a , w h i c h  i s  n o t  t r u e , a n d  s e c o n d l y , t h a t  

t h e  a b o v e - f o u n d a t i o n  p a r t  o f  t h e  m a s s i f  i s  

r e p l a c e d  b y  a  u n i f o r m  l o a d  o f  t h e  i n t e n s i t y  

< Th ,  w h i c h  d i s t o r t s  t h e  r e a l  mo d e l  o f  t h e  

f o u n d a t i o n  b a s e .  A  c o mp a r i s o n  i s  s h o w n  s c h e 

ma t i c a l l y  i n  F i g .  6  o f  t h e  a p p r o a c h  o f  t h e

T h e  p r o b l e ms  i n  a p p l i e d  g e o m e c h a n i c s  d i s 

c u s s e d  h e r e  b y  n o  me a n s  e x h a u s t  a l l  t h e  p o s 

s i b l e  c a s e s  i n  p r a c t i c e  i n  w h i c h  i t  p r o v e s  

e x p e d i e n t  t o  ma k e  u s e  o f  t h e  o b t a i n e d  s o l u 

t i o n  o f  t h e  p r o b l e m  o n  t h e  s t r e s s e d  s t a t e  o f  

c u r v i l i n e a r  s i n i - i n f i n i t e  r e g i o n s  s u b j e c t  t o  

t h e  a c t i o n  o f  b o d y  a n d  s u r f a c e  l o a d s .
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Wi t h  a  C u r v i l i n e a r  B o u n d a r y  Wi t h i n  a  F i e L d  

o f  G r a v i t a t i o n  a n d  P e r c o l a t i o n " ,  J o u r  . P r o b 

l e ms  o f  G e o me c h a n i c s ,  N o . 5 ,  E r e v a n  ( i n  

E n g l i s h ) .

T e r - M a r t i r o s y a n ,  Z . G . a n d  D 0 M . A k h p a t e l o v  ( 1 9 7 5 )  

" T h e  o t r e s s e d  S t a t e  o f  M o u n t a i n  Ma s s e s  i n  

a  G r a v i t a t i o n a l  F i e l d " ,  D o k l a d y  U S S R  A c a d e 

my  o f  S c i e n c e s ,  N o . 2  ( i n  R u s s i a n ) .

T s y t o v i c h , N . A . ( 1 9 6 3 ) «  " S o i l  Me c h a n i c s " , G o s -  

s t r o i i z d a t  P u b l i s h e r s ,  Mo s c o w  ( i n  R u s s i a n ) .

T s y t o v i c h , N . A . ( 1 9 7 3 ) *  " P r o b l e ms  o f  S o i l  a n d  

R o c k  Me c h a n i c s  i n  G e o me c h a n i c s " , S p e c i a l  

L e c t u r e  a t  t h e  V I I I  I n t e r n a t i o n a l  C o n f e r e n 

c e  o n  S o i l  Me c h a n i c s  a n d  F o u n d a t i o n  E n g i 

n e e r i n g ,  Mo s c o w  ( i n  E n g l i s h ) .

F i g . 6 .  I s o l i n e s  o f  s t r e n g t h  f a c t o r s :

K = 0 . 7 , C= e  N / m2 ,  ¥ ' = 2 0 ° ,  2 T = 1 9  N / m 5

a u t h o r s  o f  t h e  p r e s e n t  p a p e r  a n d  o f  t h a t  o f  

t h e  P u z y r o v s k y - G e r s e v a n o v  f o r mu l a .  T h e  c o e f 

f i c i e n t  o f  l a t e r a l  p r e s s u r e  i s  t a k e n  e q u a l  

t o  0 . 7 .  A s  i s  e v i d e n t  f r o m  t h e  f i g u r e , i n  

t a k i n g  t h e  p i t  i n t o  a c o o u n t . t h e  z o n e s  o f  

l i m i t i n g  e q u i l i b r i u m a r e  i n c r e a s e d , c o n s e q u e n 

t l y  r e d u c i n g  t h e  v a l u e  o f  t h e  c r i t i c a l  l o a d .  

I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  a  r e d u c t i o n  

i n  t h e  c o e f f i c i e n t  o f  l a t e r a l  p r e s s u r e  a l s o  

l e a d s  t o  a  r e d u c t i o n  i n  t h e  c r i t i c a l  l o a d .  

H e n c e , t h e  a p p l i c a t i o n  o f  t h e  P u z y r o v s k y - G e r 

s e v a n o v  f o r mu l a  l e a d s  t o  t h e  a s s u mp t i o n  o f  

a n  e x c e s s i v e  v a l u e  f o r  t h e  c r i t i c a l  l o a d  o n  

f o u n d a t i o n  b a s e s .

Me n t i o n  ma y  b e  ma d e  o f  s t i l l  a n o t h e r  a p p 

l i c a t i o n  o f  t h e  s o l u t i o n  o b t a i n e d  f o r  t h e  

p r o b l e m  b e i n g  i n v e s t i g a t e d .  A  k n o w l e d g e  o f  

t h e  s t r e s s  d i s t r i b u t i o n  i n  s o i l  ma s s e s  e n a b 

l e s  t h e  s t a b i l i t y  o f  a  s o i l  ma s s i f  a s  a  w h o l e  

t o  b e  c a l c u l a t e d  b y  a p p l y i n g  e x i s t i n g  p r o c e 

d u r e s  f o r  e v a l u a t i n g  t h e  s t a b i l i t y  o f  s l o p e s ,  

b u t  w i t h  mo r e  r e f i n e d  v a l u e s  f o r  t h e  a c t i n g  

f o r c e s  o n  t h e  s u r f a c e s  o f  d i s p l a c e me n t #

78 0


