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SYNOPSIS The m a in  p a r t i c u l a r i t y  o f  th e  B u lg a r ia n  lo e s s  s o i l s  i s  t h e i r  r e l a t i v e l y  la r g e  
c o m p r e s s ib i l i t y  t o  s u b s id e n c e  r a t i o  due t o  a h ig h  n a t u r a l  w a te r  c o n te n t .  By t h e i r  s u b s id e n -  
t i a l  c h a r a c t e r i s t i c s  th e  B u lg a r ia n  lo e s s  s o i l s  a re  o c c u p y in g  an in te r m e d ia te  p o s i t i o n  b e t ­
ween th e  lo e s s  s o i l s  i n  th e  w o r ld ,  w i t h  a maximum s u b s id e n c e  o f  1*7 m e te rs  r e la t e d  t o  w a te r ­
w o rk s . E x p e r im e n ta l r e s u l t s  o b ta in e d  by d i f f e r e n t  te c h n ic s  i n  la b o r a to r y  c o n d i t io n s ,  as w e l l  
as i n  s i t u ,  a re  exposed and tw o m ode ls o f  th e  lo e s s  d e fo rm a t io n  a re  d e s c r ib e d .  D a ta  fro m  
m easurem ents o f  r e a l  s t r u c tu r e  s u b s id e n c e , lo a d e d  p la te s  w i t h  d i f f e r e n t  p la t e  d ia m e te r ,  and 
in d u c e d  s u b s id e n c e  by  means o f  la r g e  a re a  p o n d in g  a re  d is c u s s e d . More a t t e n t io n  i s  g iv e n  on 
th e  im p o r ta n t  case o f  tw o - la y e r e d  fo u n d a t io n s  because a bo u t f i f t y  b ig  s t r u c tu r e s  in c lu d in g  
a n u c le a r  p la n t  a re  fo u n d e d  on s o il - c e m e n t c u s h in s  i n  B u lg a r ia .  I n  s i t u  t e s t s  have  shown 
t h a t  th e  lo e s s  d e fo rm a t io n  b e h a v io u r  i s  b e t t e r  app ro a che d  by  a m odel r e la t e d  b o th  t o  th e  
e l a s t i c  and W in k le r 's  h a l f - s p a c e .  A th e rm o d y n a m ic a l a p p ro a c h , d e v e lo p e d  r e c e n t ly ,  i s  a p p l ie d
f o r  a b r i e f  d is c u s s io n  o f  a la r g e  s c a le  b la s t

REGIONAL CHARACTERISTICS

As  i t  i s  we l l  k n o wn  t he  i n d i c e s  e x p r e s s i n g  
t he  d e f o r ma t i o n  p r o p e r t i e s  de pe n d  o n  t he  
l o ad i ng .  Th i s  i s  wh y ,  i n  o r d e r  t o  h a v e  a 

c o mp a r a t i v e  v a l ue ,  t h e i r  r e g i o n a l  c h a r a c t e ­
r i s t i c s  mu s t  be  d r a wn  up  f r o m d a t a  o b t a i n e d  

b y  t e s t s  at  t h e  s ame  l oad .  Th e  c r i t e r i o n ,  

p r o p o s e d  b y  Ab e l e v  ( 194- 8)  f o r  t he  d e t e r mi ­
n a t i o n  of  t he  s u b s i d e n c e  by  t h e  v a l u e  o f  t he  
r e l a t i v e  s u b s i d e n c e  at  t h e  mo s t  o f t e n  me t  
c o n t a c t  p r e s s u r e  (3 k g / c m2 ) ,  a l t h o u g h  a l r e a ­

d y  r e j e c t e d  as  a n  u n i v e r s a l  i n de x ,  i s  qu i t e  

s u i t a b l e  f o r  c o mp a r a t i v e  an d  c l a s s i f i c a t i o n  
p u r p o s e s  an d  f o r  t he  d e t e r mi n a t i o n  o f  t h e  
r e g u l a r i t y  i n  t he  r e g i o n a l  c ha n g e  o f  t h e  

d e f o r ma t i o n  b e h a v i o u r  o f  t h e  l o e s s  s o i l  a t  
a d d i t i o n a l  l o a d .  Th e  t o t a l  v a ­

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

t a n c e  f o r  t h e  c o mp a r i s o n  an d  c l a s s i f i c a t i o n .  
Un f o r t u n a t e l y ,  t h e  s c i e n t i f i c  l i t e r a t u r e  I s  

s t i l l  qu i t e  p o o r  i n  c o m p a r a t i v e  
r e g i o n a l  i n v e s t i g a t i o n s ,  wh i c h ,  i f  c o mp e t e n ­

t l y  i n t e r p r e t e d ,  ma y  p r o v e  t o  be  v e r y  u s e ­

f u l  f o r  t he  c o r r e c t  d e t e r mi n a t i o n  o f  t h e  me ­
t h o d s  f o r  e l i mi n a t i o n  of  s u b s i d e n c e  o f  d i f =  

f e r e n t  l o es s  s o i l s  an d  bas es .

Pr o m t he  s u b s i d e n c e  c u r v e  at  a l o a d  p  = 

o 3 k g / c m2 ( Fi g . 1 ) ,  t h e  r e l a t i v e  s u b s i d e n c e  
( S'np,3 ) ,  t he  r e l a t i v e  s e t t l e me n t  b e f o r e  t h e  
s u b s i d e n c e  ( ¿h / h ) ,  t h e  mo d u l u s  o f  on e  d i me n -  
t i o n a l  c o mp r e s s i o n  ( M) ,  an d  t he  t o t a l  c o mp ­

r e s s i o n  d e f o r ma t i o n  = s e t t l e me n t  + s u b s i ­
d e n c e  ( S3 ) a r e  d e t e r mi ne d .

F o r B u lg a r ia n  lo e s s  s o i l s  th e s e  in d ic e s  
change w i t h i n  la r g e  l i m i t s  and th e y  depend 
on a num ber o f  c o n d i t io n s ,  f i r s t  and f o r e -

c o mp a c t i o n  of  l o e s s  i n  s i t u .

Fi g .  1 a)  Ty p i c a l  c u r v e  o f  l o e s s  s ubs i  
d e n c e  u n d e r  l o a d  o f  3 k g / c m2

b)  Ty p i c a l  s t r e s s - s t r a i n  c u r v e  
f o r  s a t u r a t e d  l o e s s  u n d e r  a 

l o a d e d  p l a t e

mo s t  o n  t h e  de n s i t y ,  t h e  n a t u r a l  wa t e r  c o n ­
t en t ,  an d  o n  t h e  c o mp o s i t i o n  o f  t he  l oes s .  

Ta b l e  1 p r e s e n t s  t he  a r i t h me t i c a l  me a n  v a ­

l u e s  o f  t h e s e  i n d i c es  of  t he  ba s i c  l o es s  
v a r i e t i e s  i n  Bu l ga r i a .  Th e y  e x p r e s s  t he  

c h a n g e  o f  t h e  d e f o r ma t i o n  p r o p e r t i e s  d e p e n ­
d i n g  on  t h e  c o mp o s i t i o n  o f  t he  l o es s  a n d  o n  
t h e  s t r u c t u r e  o f  a n o r m a l  f a c i e s  
r o w  ( f r o m t he  l o e s s  s a nds  t o  t he  l o e s s  

c l ay )  c h a r a c t e r i s t i c  f o r  t he  l o e s s  c o mp l e x  
I n  No r t h  Bu l ga r i a .  At  & g r a d u a l  c h a n g e  o f  

I _  f r o m 3,6  t o  23 t h e  d e f o r ma t i o n  i n d i c e s  
c h a n g e  p _ r a b o l i c a l l y  f o l l o wi n g  t h e  c h a n g e s
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*
T a b l e ____ 1 _

F a d e s  row H o rie o n 4 h /h

%

<Pr>p,)

% /O

M
O

kg/cm

I

/

n

%

ru
gr / cm?

w

%
Sr
%

L o e s s - l i k e  san d I 5 .8 2.0 7 .8 135 3 .6 46 1 .4 4 9 .0 25

bandy  l o e s s I + I I 6 .5 4 .5 11.0 125 6 .4 48 1 .4 2 1 0 .5 30

T y p ic a l  L o e ss I + I I 0 .3 6 .5 1 4 .3 90 10 49 1 .3 9 13.8 45

C la y ey  l o e s s I + I I 0 .5 7 .0 15; 5 55 17 48 1 .4 7 1 9 .0 55

L o e s s - l i k e  c la y I + I I 7 .0 2.0 9 .0 65 23 43 1 .5 5 22.0 70

*

NOTE: E ach v a lu e i s  a n  a r i t h m e t i c a l  mean fro m  500 t e s t e

i n  th e  d e n s i t y  ( n ,/ 0 and  th e  w a te r  c o n te n t  
(w ,S r ) .  I t  i s  c h a r a c t e r i s t i c  t h a t  t h e  s e t -  
le m e n t d o m in a te s  s t r o n g l y  o v e r  t h e  s u b s id e n c e  
and t h e  e x tre m e  m em bers, w here  t e n d s  tow ­
a r d  z e r o ,  t h e  d e f o r m a t io n  goea o f f  a lm o s t 
e n t i r e l y  a s  a  s e t t l e m e n t .  The l a r g e  v a lu e  o f  
t h e  summary o n e - d im e n t io n a l  c o m p re s s io n  d e ­
f o r m a t io n  a t  a  c o m p a r a t iv e ly  s m a l l  s u b s id e n ­
ce  and  un  i n c r e a s e d  s e t t l e m e n t  i s  a  c h a r a c ­
t e r i s t i c  s ig n  o f  l o e s s  s o i l s  fro m  th e  mode­
r a t e l y  damp r e g io n s  t o  t h e  damp o n e s  o f  t h e  
m o d e ra te  c l i m a t i c  b e l t .  They d i f f e r  by t h i s  
s i n g  fro m  th e  l o e s s  s o i l s  i n  th e  a r i d  c o n t i ­
n e n t a l  r e g i o n s ,  w h e re  t h e  s u b s id e n c e  do m in a­
t e s  o v e r  th e  s e t t l e m e n t  ( a t  e q u a l  o t h e r  co n ­
d i t i o n s ) .  T h i s  i s  e x p la in e d  w i th  t h e  d i f f e r ­
en c e  i n  t h e  r e l a t i o n s  b e tw ee n  th e  w a te r  co n ­
t e n t  i n d i c e s  and  th e  d e n s i t y  o n e s  and  i t  d e ­
te r m in e s  t h e  a p p ro a c h  t o  t h e  t r e a tm e n t  o f  
t h e  d e f o r m a t io n  p r o p e r t i e s .

I n  M in k o v 's  w ork (1 9 6 0 ) a r e  p r e s e n te d  i n  d e ­
t a i l  t h e  t e r r i t o r i a l  c h a n g e s  o f  t h e  d e fo rm a ­
t i o n  i n d i c e s  i n  a r e a l  and  v e r t i c a l  d i r e c t i o n ,  
t h e  d ep e n d e n c e  o f  on  th e  c o m p o s i t io n  and 
s t r u c t u r e ,  t h e  m orphom etry  o f  t h e  m ic ro  and 
m e s o r e l i e f  on  t h e  w a te r  c o n te n t  and  d e n s i t y  
i n d i c e s ,  e t c .  c e r t a i n  c o r r e c t i o n «  a r e  i n t r o ­
d u c ed  i n  some o f  t h e  e x i s t i n g  i n d i c e s  f o r  
i n d i r e c t  e v a l u a t i o n  o f  th e  s u b s id e n c e ,  and 
a  num ber o f  new c r i t e r i a  f o r  i t s  q u a n t i t a ­
t i v e  and  q u a l i t a t i v e  p r o g n o s i s  a r e  p ro p o s e d .  
F o r  i n s t a n c e  w i th  t h e  h e lp  o f  t n e  volum e o f  
t h e  p o r e s  and  tn e  w a t e r  c o n te n t  , t h e  v a lu e  
o f  f a?, }  may be a p p ro x im a te ly  c a l c u l a t e d  « f t e r  
t h e  fo r m u la :  f op,.7 « K ( n - 4 0 ) ( 3 0 -w ) . The c o e f ­
f i c i e n t  K shows th e  i n f l u e n c e  o f  th e  compo­
s i t i o n  o f  t h e  l o e s s :  f o r  l o e s s  san d  K = 0. 02; 
f o r  s an d y  l o e s s  K = 0 .0 3 ;  f o r  t y p i c a l  l o e s s  
K = 0 .0 5 ;  f o r  c la y e y  l o e s s  K = 0 .0 8  and  f o r  
l o e s s - l i k e  c l a y  K = 0 .0 9 .  Prom th e  o b ta in e d  
v a lu e  f o r  f op, j  a f t e r  t h e  b r i e f  G .S t e f a n o f f 1s 
m ethod  th e  a p p ro x im a tiv e  v a lu e  o f  t h e  r e l a ­
t i v e  s u b s id e n c e  f o r  e a c h  d e s i r e d  lo a d  f o r  
n  > 4 0  p e r  c e n t  may be o b ta in e d .

The a c t u a l  r e l a t i o n  b e tw e e n  th e  o n e - d im e n t i -  
o n a l  c o m p re s s io n  m odu lus M and  th e  d e fo rm a ­
t i o n  m odulus E , o b ta in e d  by m eans o f  lo a d e d  
p l a t e s  w i th  l a r g e  a r e a  i s  o f  im p o r ta n c e  f o r  
p r a c t i c a l  p u r p o s e s .  I t  i s  a c c e p te d  i n  th e  
B u lg a r ia n  l i t e r a t u r e  up t o  now (G. S t e f a n o f f  
end  B. K rem ekova, 1 960 ; t h a t  E/Ivl i s  c lo s e  t o
2 .  The i n v e s t i g a t i o n s  c a r r i e d  o u t d u r in g  r e ­
c e n t  y e e r s  p o in t  o u t t h a t  when <?'>?,j > 1 p e r  
c e n t ,  E v a r i e s  b e tw e e n  180 and 220 kg /cm 2 a t

E/M n e a r  2 .3  t o  3 .0 ;  w hen <£>/>,j <1 p e r  c e n t ,
E v a r i e s  b e tw ee n  200 and  350 kg /cm ? a t  E/M 
n e a r  2 .6  t o  3 .0 .  I t  i s  e v id e n t  t h a t  i n  b o th  
c a s e s  E , w h ich  i s  m ore r e p r e s e n t a t i v e ,  i s  
fro m  2 .5  t o  3 .5  t im e s  l a r g e r  th a n  M. T h is  
p o i n t s  o u t t h a t  M m ust n o t  be  u s e d  f o r  th e  
c a l c u l a t i o n  o f  t h e  s e t t l e m e n t ,  i f  t h e  o r d e r  
o f  th e  E/M r e l a t i o n  i s  n o t  e s t a b l i s h e d .  T h is  
r e l a t i o n  may be  a c c e p te d  w i th  a n  a c c u ra c y  
s u f f i c i e n t  f o r  p r a c t i c a l  p u r p o s e s ,  a s  f o l ­
lo w s : f o r  s u b s id e n c e  s o i l s  w i th  f op, 3 >  1 p e r  
c e n t ,  E/M = 2 . 5 ;  f o r  n o n - s u b s id e n c e  s o i l s  
w i th  <fop,s <■ 1 p e r  c e n t ,  E/M = 3 .0 .

The t o t a l  v a lu e  o f  s u b s id e n c e  u n d e r  n a t u r a l  
lo a d  J ^ g iv e s  t h e  p o s s i b i l i t y  a  c l a s s i f i c a t i ­
on o f  t h e  s o i l  b a s e  o f  f i r s t  and  sec o n d  ty p e  
t o  be c a r r i e d  o u t a s  w e l l  a s  t o  e s t i m a te  t h e  
am ount o f  t h e  e x p e c te d  s u b s id e n c e  a t  t h e  s e ­
cond  ty p e  b a s e .  On t h e  b a s i s  o f  a  d e te r m in a ­
t i o n  o f  Zy  a c c o r d in g  t o  a  l a r g e  num ber o f  
t e s t s  a  map o f  th e  t h i c k n e s s  o f  t h e  u p p e r  
n o n - s u b s id e n c e  z o n e , a  map o f  t h e  t h i c k n e s s  
o f  t h e  s u b s id e n c e  z o n e , and  a  map o f  t h e  z o -  
n a t i o n  o f  t h e  l o e s s  r e g io n  i n  N o r th e rn  B u l­
g a r i a  a f t e r  t h e  v a lu e  J /- ( J / -  = 0 .0 0  cm; J/-up 
t o  25 cm; up t o  50 cm; up  t o  75 cm and 
J y  o v e r  75 cm) on a  s c a l e  1 : 500 000 w e re  
made u p . The f i r s t  ty p e  b a s e  s o i l s  w i th  J> =
= 0 .0 0  cm p re d o m in a te .  The b a s e  s o i l s  w i th  

o v e r  75 cm c o v e r  o n ly  4 -5  p e r  c e n t  o f  t h e  
l o e s s  r e g i o n .  The maximum s u b s id e n c e ,  e s t a b ­
l i s h e d  o n ly  i n  one p la c e  u n d e r  a n  i r r i g a t i o n  
- c a n a l ,  i s  170 cm. I t  i s  e v id e n t  t h a t  a c c o r ­
d in g  a l s o  t o  th iB  in d e x  B u lg a r ia n  l o e s s  
s o i l s  o ccupy  a n  in t e r m e d i a t e  p la c e  b e tw ee n  
th e  "warm '1 l o e s s  s o i l s  o f  t h e  a r i d  r e g io n s  
w i th  J r  up  t o  200 -  300 cm and  th e  " c o ld "  

p e r i g l a c i a l  l o e s s  s o i l s ,  w h e re  t h e  l o e s s  
s o i l  b a s e s  a r e  u s u a l l y  from  th e  f i r s t  t y p e .

The z o n a t io n  o f  t h e  a r e a  a c c o r d in g  t o  t h e  J/- 

i s  r e g u l a t e d  w i th  a  n o rm a tiv e  docum ent 
w h ich  s e r v e s  a s  a n  a p p l ia n c e  f o r  t h e  d e t e r ­
m in a t io n  o f  th e  s u b s id e n c e  and  th e  ty p e  o f  
th e  l o e s s  s o i l  b a s e  i n  th e  I n i t i a l  s t a g e s  o f  
th e  i n v e s t i g a t i o n  an d  p la n n in g .  I n  1976 a  
new com p lex  z o n a t io n  o f  t h e  l o e s s  i n  B u lg a ­
r i a  on a  s c a l e  1:200 000 w es com m enced.

By m eans o f  c o m p a ra t iv e  i n v e s t i g a t i o n s  i t  
was e s t a b l i s h e d  t h a t  t h e  e s t i m a te d  v a lu e s  o f  
J x ,  o b ta in e d  i n  l a b o r a t o r y ,  a r e  l a r g e r  th a n  
th e  r e a l  o n e s ,  o b ta in e d  by c o n t in u e d  s a t u r a ­
t i o n  w i th  w a te r  o f  t h e  l o e s s  m a s s iv e  i n  l a r ­
ge  a r e a  p i t s .  The c o e f f i c i e n t  o f  d i s c r e p a n c y  
K i n  t h e  e x p r e s s io n  Zy  /  K i s  t h e
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g r e a t e s t  a t  t h e  b a s e a  o f  th e  s l i g h t l y  e x p re ­
s s e d  se c o n d  ty p e  w i th  Jj- up t o  25 cm. H ere  
K v a r i e s  fro m  0 .7 0  t o  7 .o o  w i th  a  mean v a ­
l u e  o f  a b o u t 3 ( f o r  15 t e s t s ) .  Tow ard th e  
s t r o n g e r  s u b s id e n c e  s o i l  b a s e s  t h e  d i s c r e ­
p a n cy  d e c r e a s e s  a n d if  J) i s  g r e a t e r  th a n  
75 cm, K v a r i e s  i n  n a rro w  l i m i t s  and  i t s  
m ean v a lu e  i s  a b o u t 1 .0  t o  1 .2 .  T h is  f a c t  
i s  o f  g r e a t  im p o r ta n c e  f o r  t h e  m ak in g  up  o f  
p r o g n o s i s  m aps. The e s t i m a t i o n  on t h e  b a s i s  
o f  l a b o r a t o r y  d a t a  i s  p o s s i b l e  o n ly  a f t e r  
a  p r e l i m i n a r y  d e t e r m in a t io n  o f  t h e  am ount 
o f  d i s c r e p a n c y .

ANISOTROPY OP LOESS Ba SES

A n is o t r o p y  i s  a  c h a r a c t e r i s t i c  f e a t u r e  o f  
t h e  s t r u c t u r e  and  t e x t u r e  o f  B u lg a r ia n  
l o e s s  s o i l s  and  b a s e s .

The s t r u c t u r a l  a n i s o t r o -  
p y i n f l u e n c e s  t h e  d e f o r m a t io n  b e h a v io u r  
o f  th e  l o e s s  s a m p le s  and  c o n s i s t s  o f :  a )  a 
v e r t i c a l  p o s i t i o n  o f  t h e  lo n g  a x e s  o f  t h e  
l a r g e r  p a r t  o f  t h e  m a c ro p o re s ,  w h ich  i s  
c h a r a c t e r i s t i c  m a in ly  f o r  t h e  t y p i c a l  and 
t h e  c la y e y  l o s s e s ,  and  m ore s p e c i a l l y  f o r  
t h e  f o s s i l  p e d o co m p lex e s ; b ) a n  i r r e g u l a r  
d i s t r i b u t i o n  an d  a  d i f f e r e n t  e x t e n t  o f  i n ­
c r u s t a t i o n  o f  t h e  p o r e s  an d  m a c ro p o re s  i n  
t h e  c a r b o n a te  h o r i z o n s  o f  t h e  f o s s i l  p e d o -  
com p lex  and  c a p i l l a r y  z o n e s  o f  p a l e o a q u i -  
f e r s ,  and  c )  h o r i z o n t a l  p o s i t i o n  o f  t h e  
lo n g  a x e s  and  t h e  f l a t  w a l l s  o f  a  l a r g e  
p a r t  o f  t h e  m inus  0 .0 0 5  mm p a r t i c l e s  i n  
l o e s s  s a n d s  and  n o n -m a c ro p o ro u s  san d y  l o e s s .

The t e x t u r a l  a n i s o t r o p y  
i n f l u e n c e s  t h e  d e f o r m a t io n  b e h a v io u r  o f  th e  
l o e s s s  m a ss iv e  a s  a  s o i l  b a se  and  i s  e x p r e s ­
s e d  i n  t h e  p r e s e n c e  o f :  a )  f o s s i l  pedocom - 
p le x e s  fro m  1 t o  7 ,  b ) s t r o n g l y  co m p acted  
z o n es  on th e  p la c e  o f  t h e  p a l e o a q u i f e r s  ov­
e r  t h e  o l d e r  p e d o co m p iex e s ; c )  o v e r - m o i s te ­
n e d  z o n e s  i n  th e  p l a c e s  o f  c o n s t a n t  o r  tem ­
p o r a l  w a te r  b e a r in g  h o r i z o n s ;  d )  num erous 
n e g a t iv e  fo rm s  o f  t h e  l o e s s  m ic ro  and  m eso- 
r e l i e f ;  h )  c o m p a c te d , o v e r -m o is te n e d  and  
s t r u c t u r a l l y  w orked  o v e r  s i t e s  i n  t h e  p l a c e s  
o f  fo rm e r  s t r u c t u r e s ;  i )  num erous p l a c e s  
w i th  a  g r e a t l y  r e d u c e d  w a te r  c o n te n t  i n  
p l a c e s  o f  p e r e n n i a l s  w i th  a  l a r g e  t r a n s p i ­
r a t i o n  c a p a c i t y  ( a l f a l f a ,  a c a c i a  e t c ) .

B e c t - u s e  o f  i t s  g r e a t  t e x t u r a l  a n i s o t r o p y ,  
th e  h o r i z o n t a l  s e c t i o n  o f  t h e  s o i l  b a s e  
b e a r s  a  re s e m b la n c e  t o  a  m o tle y  "m o sa ic "  
o f  s e c t o r s  d i s s i m i l a r  i n  fo rm  and  s i z e  w i th  
d i f f e r e n t  d e f o r m a t io n  p r o p e r t i e s  -  fro m  a  
w a t e r - s a t u r a t e d ,  g r e a t l y  co m p acted  (n  a b o u t 
36 t o  38 p e r  c e n t , ^ j  a b o u t 1 .7 0  t o  1 .7 5  
g r /c n P )  an d  a  no n  s u b s id e n t  a t  g r e a t  lo a d s  
l o e s s  s o i l  t o  a  g r e a t l y  s u b s id e n t  o n e ,w h o se  
d e f o r m a t io n  m odu lus d i f f e r s  fro m  3 t o  5 t i ­
m es. Such d i f f e r e n c e s  h av e  b e e n  e s t a b l i s h e d  
many t im e s  e v e n  i n  t h e  f o u n d a t io n s  o f  a  m id - 
d l e - s i z e  b u i l d i n g .  T h is  c i r c u m s ta n c e  n e c e ­
s s i t a t e s  t h e  e l a b o r a t i o n  o f  a  new d e t a i l e d  
t y p i f i c a t i o n ,  w h ic h  i n c lu d e s  i n  i t s  t h r e e  
t y p e s ,  8 s u b - ty p e s  and  12 c l a s s e s  -  t h e  
w h o le  v a r i e t y  o f  t h e  l o e s s  s o i l  b a s e s  i n  
B u lg a r i a  (M .M inkov and  D. E v s t a t i e v , 1 975)•

Owing t o  t h e  g r e a t  t e x t u r a l  a n i s o t r o p y  th e  
v e r t i c a l  s e c t i o n  o f  t h e  s o i l  b a s e  r e p r e s e n t s

a  tw o - la y e r  o r  a  m u l t i - l a y e r  s y s te m  fro m  two 
up t o  a  d o z en  o f  l a y e r s ,  w i th  a  d i f f e r e n t  
d e f o r m a t io n  b e h a v io u r .  T h i s  f a c t  s im u la t e s  
o u r  e x p e r im e n ts  on th e  d e f o r m a t io n  b e h a v io u r  
o f  n a t u r a l l y  o r  a r t i f i c i a l l y  fo rm ed  tw o - la y ­
e r  g ro u n d  b a s e s  w i th  a n  u p p e r  s t r o n g e r  l a y e r .  
A t y p i c a l  tw o - l a y e r  s o i l  b a se  w i th  a n  u p p e r  
s t r o n g e r  and w a t e r - t i g h t  l a y e r  i s  c r e a t e d  i n  
a  c a s e  o f  f o u n d a t io n  w i th  a  s o i l - c e m e n t  c u ­
s h io n  (M inkov and  E v s t a t i e v ,  1 9 7 5 ). At a  
s u i t a b l e  t h i c k n e s s  and  h a r d n e s s  i t  r e d i s t r i ­
b u te s  t h e  c o n ta c t  s t r e s s e s  t o  s a f e  v a lu e s  a t  
th e  l i m i t  o f  t h e  n a t u r a l  l o e s s .  Thus o v e r  
50 b u i l d i n g s  and  e q u ip m e n ts  o f  n u c l e a r  and 
pow er p l a n t s ,  h ig h  t e l e v i s i o n  to w e r s ,  in d u s ­
t r i a l  e q u ip m e n ts ,  8 to  18 s t o r e y  r e s i d e n t i a l  
b u i l d i n g s ,  h o t e l s  e t c .  h ave  b e e n  b u i l t .  The 
a v e r a g e  t h i c k n e s s  o f  t h e  c u s h io n  i s  1 .0  t o
1 .5  m. and  u n d e r  t h e  h e a v i e s t  eq u ip m e n t i t  
i s  up t o  3 .0  m e te r s .  F o r  cem ent q u a n t i t i e s  
fro m  2 t o  6 p e r  c e n t  t h e  d e f o r m a t io n  m odulus 
o f  th e  c u s h io n  i s  1000 t o  1200 kg /cm  .

Prom th e  e x i s t i n g  t e s t s  on tw o - l a y e r  sy s te m s  
o f  t h i s  ty p e  i t  w as d e te rm in e d  t h a t :  a ;  th e  
s e t t l e m e n t  w i th  b u i l d i n g s  on a  s o i l - c e m e n t  
c u s h io n  a t  a  f i r s t  ty p e  l o e s s  b a se  i s  max
2 - 3  cm, w h i le  t h e  s t r e s s e s  on  t h e  c u s h io n  
a r e  fro m  3 t o  5 k g / cm2; t,) t h e  d e fo rm a t io n  
m od u lu s  -  a c c o r d in g  t o  d a t a  fro m  g e o d e t ic  
m e a su re m e n ts  and  fro m  p l a t e  lo a d in g s  -  i s  
l a r g e r  th a n  th e  c a l c u l a t e d  e q u iv a l e n t  d e f o r ­
m a tio n  m odu lus f o r  a  t w o - l a y e r  b a s e ;  c )  th e  
s t r e s s e s ,  a t  w h ic h  t h e  d e s t r u c t i o n  o f  t h e  
c u s h io n  o c c u r s ,  a r e  1 .5  t o  2 t im e s  g r e a t e r  
th a n  th o s e  a f t e r  w h ich  th e  " s t r e s s - s e t t l e -  
m e n t"d e p e n d e n c e  c e a s e s  t o  be l i n e a r ;  d ) b e ­
f o r e  t h e  d e s t r u c t i o n  th e  b e n d in g  o f  t h e  c u ­
s h io n  i n c r e a s e s  s h a r p ly ;  r a d i a l  f i s s u r e s  a p ­
p e a r ,  and  u n d e r  t h e  p l a t e  a  r u p t u r e  s u r f a c e  
i n  th e  sh ap e  o f  a  f r u a t r u m  o f  a  co n e  i s  f o r ­
m ed, w hose g e n e r a n t  i s  i n c l i n e d  to w a rd  th e  
a x i s  o f  lo a d in g  a t  on a n g le  o f  40 d e g r e e s .

ON THE CHARACTERISTICS OP THE DEFORMATION 
AND CALCULATION METHODS

I t  i s  p ro v e d  by  K ro u to v  and  B o jk o  (1 9 7 2 ) 
t h a t  t h e  s u b s id e n c e  ( s t a g e  2 i n  F ig .  ib )  i s  
n o t  a  d e s t r u c t i o n ,  b u t  i s  a  c o m p a c tio n  o f  
t h e  s o i l  b a s e ,  a f t e r  w h ich  tn e  d e f o r m a t io n  
c u rv e  g e t s  t h e  c h a r a c t e r i s t i c s  h a b i t u a l  f o r  
o t h e r  s o i l s  ( s t a g e s  3 and  4 i n  P ig .  Ib ^ T h is  
i n t e r p r e t a t i o n  o f  th e  d e v e lo p m e n t o f  t h e  
d e f o r m a t io n  i s  o f  g r e a t  p r a c t i c a l  im p o r ta n ­
c e .  I t  c o n s i s t s  i n  t h e  p o s s i b i l i t y  t o  d e ­
te rm in e  th e  i n i t i a l  lo a d  o f  l o e s s  s u b s id e n ­
ce  P ( s t a g e  1) an d  i n  t h e  n e c e s s i t y  o f  a 
c o n s id e r a b l e  i n c r e a s e  o f  t h e  lo a d in g  and 
d u r a t i o n  o f  th e  t e s t  a f t e r  s t a g e  2 ,  a s  w e l l  
a s  i n  th e  p ro o f  t h a t  s t a g e  3 i s  a  n o rm a l 
s e t t l e m e n t  a t  q u i t e  g r e a t  lo a d in g s  ( 3 - 4  
k g /c m 2 ) , fro m  w h e re  t h e  c o n c l u s io n  i s  draw n 
t h a t  i f  t h e  s u b s id e n c e  ( s t a g e  2 ) i s  e l i m i ­
n a te d  b e fo re h a n d ,  th e  l o e s s  s o i l  b a se  may 
be  t r e a t e d  a s  an  o r d in a r y  s o i l  b a s e .

T h is  c o n c lu s io n  i s  o f  g r e a t  im p o r ta n c e  f o r  
t h o s e  i n v e s t i g a t o r s ,  who d i s t r u s t  t h e  p r o ­
p e r t i e s  o f  s o i l s  w hose s u b s id e n c e  i s  e l i m i ­
n a t e d ,  f o r  i n s t a n c e  by  s o i l  c o m p a c tio n  w ith  
a  p r e l im in a r y  m o is te n in g  and  e n e rg y  o f  
deep  e x p lo s io n  ( I .  M. L i t v i n o v 's  m e th o d ) .
As a  r e s u l t  o f  t h e  dynam ic c h a r a c t e r  o f  th e
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compaction, the density of the soil base at 
depth of 4 to 5 meters corresponds to that 
one at a complete subsidence under load 
p = 2.5 +  3.0 kg/cm2. In the process of dis­
sipation of the water pressure a tyxotropic 
consolidation of the structure takes place 
and the newly obtained soil base may be loa­
ded with 2.5 to 3.0 kg/cm2t like an ordinary 
soil base. On such a base an 18 storey build 
-ing was built on a common foundation slab 
at Pn o f= 3,0 kg/cm2 and a thickness of the 
subsidence zone before the compaction of 
about 20 meters.

In the normative documents of many countries 
the settlement of the loess soil base is 
prognosticated on the base of the hypothesis 
for the isotropic elasic semi-infinite space 
in spite that the real deformations differ 
considerably from the prognosis. To the date 
on this problem found by other authors we 
shall add the following ones: a) the real 
settlement of a number of many-storey buil­
dings is from 3 cm to 5 cm, and the calcula­
ted one - from 12 cm to 20 cm; b) the defor­
mations to one side of the foundations are 
distributed to several smaller distances 
from those obtained after the adopted cal­
culation methods. During experimental load­
ings with a circular plate this distance is 
hardly 3 to 5 cm close to the external edge 
of the plete. On reconstructing the city of 
Russe, which is built on a loess soil base 
with a thickness of 12 to 40 meters, a prac­
tically important interaction of the foun­
dations of 4-5 and 12-13 storey buildings 
adjoining each other was established nowhere.

These data give us grounds to join the opi­
nions set forth in the special literature, 
that loess soil bases may be treated as 
Winkler’s foundations (N. A.Tsytovich and
I. I. Cherkassov, 1970), or better as a com­
bined Winkler's - Elastic semi-space»which 
has the particularities of both, because,ev­
en though at small distances, settlements 
around the plate still exist.

Certain facts, for instance the convex shape 
of the deformation curves in the beginning 
of the loading (obtained from 15 experimen­
tal loadings with a plate of 0.80 m dia.) 
make us think that also some of the recently 
developed theoretical analyses, which treat 
the earth's crust as a non-linear-deforming 
body, could be applied to the loess soil 
base problems.

An essential reason for the search for new, 
more suitable calculation methods is presen­
ted also by the availability of a clearly 
expressed vertical textural anisotropy of 
the loess soil bases. Quite often, especial­
ly for the first type loess bases, the dif­
ference in the modulus of the general defor­
mation of the loess soil directly under the 
foundation and at the lowest part of the 
section reaches 500 per cento If a soil com­
paction by preliminary moistening and ener­
gy of deep explosions is applied in order to 
improve the foundation, the modulus would 
increase from 100 kg/cm2 at a depth of 3 m 
up to 800 kg/cm2 at a depth of 15-16 meters. 
These differences are quite big, so it will 
be not correct to consider as a homogeneous

elastic semi-infinite space bases of this 
type (especially at large foundations with 
a deep spreading of the deformation zone).
In such cases more complicated models, as 
for instance Klein’s one, applicable to the 
foundations, whose deformation properties 
increase in a power function from the depth 
must be used.

It is evident, that because of the complica­
ted structural and textural variety of the 
loess soil bases, one must get out of the 
frames of the ideal homogeneous elastic 
semi-infinite space and look for new, more 
suitable for the real conditions calcula­
tion models and schemes.
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