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PREDICTION OF COLLAPSE OF LOESS SOIL THICKNESS 

LA PREVISION DE L’AFFAISSEMENT DE LA COUCHE DU LOESS

A.A. Grigoryan1 YuJL Chinenkov2

'Professor, Chief of Laboratory, 2Senior Researcher 

Research institute of Bases and Underground Structures, Moscow, Russia

STNCPSIS:The most r e l ia b le  way to  p r e d ic t o f  p o s s ib le  s o i l  c o lla p s e  under overburden during w e tt in g  i s  the carry in g  out 

o f  experim ental f i e l d  t e s t s .  The essen ce  o f  th ese  t e s t s  c o n s is t  in  a long-term  w e ttin g  o f  a  s o i l  la y ers in  a t e s t  p la ce  

(experim ental p i t )  , fo llo w ed  by d ir e c t  measurements o f  the subsidence o f  the p i t  bottom  In t h i s  paper the r e s u l t s  o f  

nine f i e l d  t e s t s  c a r r ie d  out in  Rostov Region, R u ssia  and in  Ukraine are co n sid e r ed  The r e s u l t s  o f  the experim ents are  

depending on the e g in e e r in g -g e o lo g lc a l p r o p e r tie s  o f  the s o i l s ,  on the terms o f  w ettin g , on the v o lu te  o f  u s in g  water, 

on the d ir e c t io n  o f  w ater moving and on the r a te  o f  developnent o f  the deform ations.

A p r e d ic t io n  o f  p o s s ib le  s o i l  c o lla p s e  under 

overburden during w e tt in g  i s  one o f  the m ist c cn p lic a ted  

and im portant problems, a r is in g  w h ile  d esig n in g  o f  

s tr u c tu r es  on th ic k  la y er s  (th ic k n e ss )  o f  lo e s s  s o i l s .  Up 

to  the p resen t monent, the most r e l ia b le  way to  determ ine  

t h i s  c o lla p s e  was to  carry out experim ental f i e l d  t e s t s .  

The e ssen ce  o f  the t e s t  was a  long-term  w e tt in g  o f  a s o i l  

layer  in  a t e s t  p la c e  (experim ental p i t ) ,  fo llo w ed  by 

d ir e c t  measurements o f  the subsid en ce o f  the p i t  bottom  

In t h i s  case , th e  s id e  o f  th e  square s i t e  was equal to  

the depth o f  th e  c o l la p s ib le  layer.

Q ig in e e r in g -g e o lo g ic a l stru c tu re  o f  th e  s o i l  th ic k n e ss  

and th e  p r o p e r tie s  o f  s o i l s  have an In flu en ce  on the  

r e s u l t s  o f  the t e s t s .  V alues o f  th e  c o lla p s e  subsidence  

thus ob ta in ed  a ls o  depend on th e  fo llo w in g  parameters: 

ra te  o f  water in f lo w  (supp ly); m nber o f  drainage h o les;  

terms and c o n tin u ity  o f  the w e ttin g  p ro cess e tc . Let us 

canpare the r e s u l t s ,  ob ta in ed  w h ile  w e tt in g  5 experim ental 

p i t s  in  Volgodonsk ( the Rostov Region, R ussia) and 4  

ones in  Nikopol (Ukraine) (See T able). The v a lu es  o f  the  

th ick n ess  o f  c o l la p s ib le  la y er s  in  both the reg ion s, 

determ ined on th e  b a s is  o f  the r e s u l t s  o f  

e n g in e er in g -g eo lo g ica l survey a t the analysed  t e s t  s i t e s ,  

are c lo s e  to  each o th er  and make 0. 21-0. 23 m, w h ile  s o i l  

p r o p e r tie s  in  th e se  two reg io n s  are q u ite  d if fe r e n t .  In 

Volgodonsk c o n s is te n c y  index o f  c o l la p s ib le  li<£it loam -  

12X, d e n s ity  o f  dry s o i l  -  1 .45  to  1 .55  tons/m 3,m oistu re  

content -  13 to  16/.. In the Nikopol t e s t  p la c e  th ese  

v a lu es were 6-8/., 1 .3 6 -1 .4 6  tons/ta3 , and 5 .0 - 6 .5X 

r e sp e c tiv e ly . The average va lu e  o f  the t o ta l  s o i l  

c o lla p se , determ ined under the laboratory c o n d itio n s , was

0. 3-0. 4  m fo r  Volgodonsk and over 0. 6 m -  fo r  Nikopol.

The c o l la p s ib le  la y er s  in  the two analysed  reg io n s have 

d if fe r e n t  g e o lo g ic a l stru ctu re . The w aterproof layer  

(a l lu v ia l  c la y )  l i e s  a t  a depth o f  24-31 m under lo e s s  

loams o f  Volgodonsk. In Nikopol the lo e s s  s o i l  th ick n ess  

i s  un d erla in  by sand. The experim ents have shown, that  

the presence o f  th e  w aterproof la y er  la rg e ly  determ ines  

the development o f  the w e tt in g  process, and, th erefo re ,  

s o i l  deform ations. Layers w e tt in g  in  Volgodonsk led  to  

the appearence o f  water cu p o les and to  the r i s e  in  the  

grounAvater le v e l.

In order to  a c c e le r a te  the w ettin g , drainage h o le s  

have been d r i l l e d  In most o f  the t e s t  p la ces . The amount
z s

o f  water spent per 1 m o f  the w etted  s o i l  was 10-33 m In

Volgodonsk and 6. 6-28. 3 m3 in  Nikopol.

The c o lla p s e  su bsidence o f  the s o i l  su rfa ce  in  the  

Volgodonsk experim ental p i t s  made 0 .0 6 6 -0 .4 6  m, w h ile  the  

p red ic ted  v a lu e s  were Q l-0. 7 m In Nikopol the c o lla p s e  

subsidence va lue  (a c tu a l one) was 0. 5 2 -1 .0 5  m , the  

p r e d ic te d  one - 0. 5 to  0. 8 m

Thus, in  Volgodonsk the actua l v a lu es  o f  s o i l  c o lla p s e  

in  the t e s t  turned out to  be nuch sm aller  than the  

p r e d ic te d  ones. The s i tu a t io n  in  Nikopol was q u ite  the  

op p o site . R e g u la r it ie s  o f  s o i l  w e tt in g  during the water 

supply to  th e  p i t s  and the r e g u la r i t ie s  o f  the tenporal 

dynanlcs o f  c o lla p s e  develoim ent were a ls o  q u ite  

d if fe r e n t  in  Volgodonsk and in  Nikopol.

Orlng to  the presence o f  drainage h o le s  and huge
2

v o lu r es  o f  water, f i l t e r e d  per u n it  area (lm ) o f  the  

p it ,  the r a te  o f  groun<ftvater le v e l  r i s e  In Volgodonsk was 

la rg er  than on b u i l t - i n  t e r r ito r y  o f  th e  p la n t fo r  which 

f i e l d  t e s t s  had been c a rr ie d  out. Thus, on s i t e  N 4, 

accordding to  the data  o f  V. M Mamonov, the grounCkvater
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Table 1.

N4  o f  t es t  

p l a c e

De p t h , m Ca l c u l a t e d  

c ol  l apse,  m

Co l  l aps e  

s u b s i d e n c e  

o f  p i t  

bot t om,  m

Ma x l mm

r i s e  o f  

s o l i  

s ur f ac e,  

m

Ra t e  o f  

s o i l

s ubs i denc e ,

m/ d a y

o f  c o l l a p s i b l e  

t h i c k n e s s

o f  c anpr es s ei l  

s o i l  l ay e r  b y  

f i e l d  t es t

o f  ma x  1 m m  

c o l l a p s l b l e  

l ay e r  b y  

l a b o r a t o r y  

t es t s

o f  ma x l mm 

c o n p r e s s e d  

s o i l  l ay e r  

b y  f i e l d  

t es t

Vo l g o d o n s k

1 2 0 - 2 2 6 - 2 0 1 1 - 1 4 0.  16 0.  236

2 23 13- 21 1 6 - 2 0 1 7 - 2 0 0.  6- 0.  8 0.  0 9 « 0.  0 3 « 0.  0 0 2

3 16 - 1 7 6 - 1 6 12- 15 13- 16 0.  05- 0.  15 0.  0 6 6 0.  0 2 9 0.  001

4 2 4 - 2 7 1 0 - 3 0 15.  5- 19.  5 0.  36- 0.  69 0.  4 6 0 0.  0 0 4

5 22 6 - 1 8 * - 1 2 6 - 1 2 0.  14- 0.  3 0.  322 0.  0 2 0.  0 0 2

a v e r a g e 21 9- 21 11 - 1 7 13- 16 0.  34 0.  2 4 0.  0 3 0.  0 0 2

Ni k o p o l

1 2 0 6 - 2 0 1 5 - 1 # 1 5 - 1 « 0.  « 1.  0 5 — 0.  0 4

2 2 0 9 - 2 0 15 - 1 « 12- 1 5 0.  5 0.  7 - 0.  0 2

3i 26 6 - 1 « 7 - 1 3 6 - 9 0.  55 0.  5 3 - 0.  021

4« 26 0 - 2 2 7 - 1 3 9 - 1 2 0.  55 0.  52 — 0.  0 2 5

a v e r a g e  2 3  6 - 2 0  7 - 1 «  1 1 - 1 4  0 . 6  0 . 7  -  0 . 0 2 7

» — wi t h o u t  s t a b i l i s a t i o n  o f  c o l l a p s e

l ev e l  r o s e  b y  37 m  Ai r i n g  o n e  mo n t h  a n d  r e a c h e d  t h e  s o l i  

s ur f ac e,  wh e r e a s  o n  t h e  p l a n t ' s  t e r r i t o r y  I n  t h e  p l a c e  o f  

mo s t  I n t e n s i v e  wa t e r  I n f l ow,  t h e  g r o u n d wa t e r  l ev e l  r o s e  

b y  1 5  m d u r i n g  15  y ear s ,  wh i c h  c o r r e s p o n d s  t o  a  d e p t h  o f  

6.  5 m f r o m t h e  s o i l  s ur f ac e.

I t  I s  I mp o r t a n t  t o  not e,  t h a t  Ai r i n g  t h e  s o i l  v e t t i n g  

v i a  t es t  p i t s  I n  Vo l g o d o n s k  a n d  Ai r i n g  t h e  g r o u n On t e r  

l ev e l  ( OWL)  r i s e,  n o t  t h e  s o i l  c o l l aps e ,  b u t  ( on t h e  

c on t r a r y ) ,  s o i l  l a y e r s  r i s e  oc c ur ed .  Th e  s o i l  l a y e r s  r i s e  

wa s  n o t  o b s e r v e d  o n  t h e  b u i l t —I n  t e r r i t o r y  o f  t h e  p l a n t  

( Fi g.  1 a,  b) .  Hi e  l a y e r s  r i s e  o c c u r s  a t  a  d e p t h s  o f  n o t  

mo r e  t h a n  2 4  m,  r e a c h i n g  2 0 - 3 0  mn  ( F i g  2) .  Th i s  

p h e n o me n o n  c a n  b e  e x p l a i n e d  b y  t h e  f ac t ,  t h a t  d u r i n g  

i n t e n s i v e  we t t i n g  a n d  q u i c k  g r o u n d wa t e r  l ev e l  r i s i n g  t he  

p o r e  p r e s s u r e  i n  t h e  s o i l  i nc r eas es .  Un d e r  t h e  i n p a c t  o f  

t hi s ,  p o r e  p r e s s u r e  i n  t h e  soi l ,  wh i c h  h a s  n o  p o s s i b i l i t y  

t o  e x p a n d  d o wn wa r d s  a n d  s i dewar ds ,  mo v e  upwar ds .

Th e  s o i l  c o l l a p s e  s u b s i d e n c e  t o g e t h e r  wi t h  b u i l d i n g s  

o n  t h e  b u i l t - i n  t e r r i t o r y  b e g i n s  a s  a  r e s u l t  o f  s oi l  

we t t i n g  i n  t h e  d o wn wa r d s  d i r ec t i on ,  a c c o n p a n i e d  by  

g r o i mAv a t e r  l ev e l  r i s i n g  ( Fi g.  l , b| .  On  t h e  t e s t  s i t e s  

s o i l  c o n p a c t i o n  o c c u r s  o n l y  Ai r i n g  g r o u n d wa t e r  l ev el  

f a l l  a n d  s t o p s  wh e n  a n o t h e r  we t t i n g  s t a r t s  ( Fi g.  l , a) .

Th e  n a x l u u n  r a t e  o f  t h e  s o i l s  c o l l a p s e  at  t he  

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

t h a n  o n  t h e  b u i l t - i n  t e r r i t o r y  a n d  r e a c h e d  2.  3- 4.  2 

nm/ day .  Th i s  r a t e  o f  t he  c o l l a p s e  wa s  o b s e r v e d  

i mme d i a t e l y  a f t e r  t he  we t t i n g  wa s  s t opped.  Th e n  i t  b e g a n  

t o  f a l l  g r aAi a l l y .

At  t he  t es t  s i t e s  t h e  u p p e r  s o i l  l a y e r s  ( 6.  0- 13.  4  m 

t h i c k )  we r e  n o t  c ompac t ed .  Mor eov e r ,  o wi n g  t o  t he  s oi l

hang i ng ,  t h e  c o l l a p s e  s u b s i d e n c e  a t  a  d e p t h  o f  A m i n  t h e  

p i t  N  5 t u r n e d  o u t  t o  b e  l a r g e r  t h e n  t h e  c o l l a p s e  

s u b s i d d e n c e  o f  t h e  s o i l  s ur f ac e.  I t  s h o u l d  b e  no t ed,  t ha t  

c o l l a p s e  b e g a n  o n l y  a t  a  c e r t a i n  d e p t h  ( 10 - 16  m)  o n  t h e  

b u i l t —i n  p l a n t ' s  t e r r i t o r y ,  i . e.  d e e p e r  t h a n  a t  t h e  t es t  

s i t es .

On  t h e  b u i l t - i n  t e r r i t o r y  o f  t h e  p l a n t  p r a c t i c a l l y  

e v e r y wh e r e  I n  t h e  p l a c e s  o f  t h e  ma x i mi  o f  c o l l a p s e  t h e  

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

c o l l a p s i b l e  t h i c k n e s s  a n d  l ower ,  a t  a  d e p t h  o f  2 0 - 3 5  W i / -  

At  t he  Vo l g o d o n s k  t e s t  s i t e s  t h e  c c n p a c t l o n  o c c u r e d  

wi t h i n  t h e  l i mi t s  o f  t h e  c o l l a p s i b l e  t h i c k n e s s  wh e r e a s  

t h e  e x c e p t i o n  wa s  s i t e  N 4,  wh e r e  u n d e r l y i n g  

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

3 0 m Th e  Vo l g o d o n s k  t e s t  h a v e  s hown,  t h a t  t he  we t t i n g  o f  

t es t  p l a c e s  d o e s  n o t  r e f l e c t  t he  p e c u l i a r i t i e s  o f  s o i l  

d e f o r ma t i o n  o b s e r v e d  u n d e r  r ea l  s t r u c t u r e s  d u r i n q  t he  

t i me  o f  t h e i r  oper a t i on .  Sh o r t  t e r ms  o f  t h e  t es t s ,  g r e a t  

c o n s u mp t i o n  o f  wa t er ,  s p e n t  f o r  t h e  we t t i ng ,  ma k i n g  o f  

d r a i n a g e  h o l e s  — a l l  t h i s  l a r g e l y  i n c r e a s e s  t h e  r a t e  o f  

wa t e r  i n f l o w i n t o  t h e  s o i l  and,  i n  t h e  p r e s e n c e  o f  t he  

wa t e r p r o o f ,  mo d i f i e s  t he  r e g u l a r i t i e s  o f  we t t i n g  whi c h,  

i n  t he  end,  a f f e c t s  n o t  o n l y  t he  r a t e  o f  t he s o i l  

c o n p a c t i o n  i n  t he  ma s s i f  b u t  i t s  i n t e n s i t y  t oo.

Th e  s o i l  c o l l a p s e  i n  t h e  e x p e r i me n t a l  p i t s  a n d  

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

wi t h  t h e  g e n e r a l  r egu l a r i t i e s .  I t  b e g i n s  a b o u t  l  mo n t h  

a f t e r  t he  b e g i n n i n g  o f  we t t i n g  a n d  o c c u r s  ma i n l y  Ai r i n g  

t he  p e r i o d  o f  t he  wa t e r  i n f l o w t o  t h e  soi l .  At  t he  f i r s t  

t i n»  t he  c o l l a p s e  o c c u r s  b a s i c a l l y  d u e  t o  t he  

c o n p a c t i o n  o f  s o i l  l ay er s ,  l y i n g  a t  aoa l l  d e p t h s  ( 6 - 0  m) ,
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R ISE  OF GWL

(a )

s e t t l e m e n t

10  R I S E  OF GWL

8 

6 

4

2

o k m

(b)

I960 1982 1984 1986 1988 

T IM E  , YEAR

1990 1992

Fi g.  1 Ch a n g i n g  o f  g r o u n d wa t e r  l ev e l  ( hV a n d  

c o l l a p s e  s u b s i d e n c e  ( s)  ( l ur i ng t h e  t i me  

a  -  a t  t h e  t e s t  s i t e  N  5,  

b  -  a t  t h e  b u i l t - i n  t e r r i t o r y ;

-  c h a n g i n g  o f  g r o u n An a t e r  

l ev el ,

-  s o i l  s ubs i denc e .

a n d  t h e n  d e e p e r  l a y e r s  ( 1 2 - 1 0  m)  b e g i n  t o  c c n p a c t  

g r a Ai a l l y  .

Fo r  s a n e  t i me  a f t e r  t h e  we t t i n g  i s  ov er ,  s o i l  c o l l a p s e  

c o n t i n u e s  b u t  i t s  r a t e  b e g i n s  t o  f a l l  g r adua l l y .  Th e  

n a x i ma a  c o l l a p s e  Ai r i n g  t h e  we t t i n g  o f  e x p e r i me n t a l  p i t s  

i n  Ni k o p o l  wa s  0 . 5 1 - 1 . 0 5  m,  i . e.  c l o s e  t o  t h e  d a t a  o f  

l a b o r a t o r y  e x p e r i men t s .  Tl i e c a l c u l a t i o n  o f  p o s s i b l e  

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

f o l l ows .  Th e  c o l l a p s i b l e  t h i c k n e s s  i s  d i v i d e d  i n t o  

e l e me n t a r y  l a y e r s  n o t  mo r e  t h a n  2  m t hi c k .  Th e  t o t a l  

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

we t t i n g  i s  c a l c u l a t e d  I n  t h e  d e s i g n i n g  p r a c t i c e  a s  a  s u d

o f  a l l  t h e  c o l l a p s e s  i n  e v e r y  e l e me n t a r y  l ayer .  Th e

l a t t e r  i s  d e t e r mi n e d  u n d e r  t h e  o v e r b u r d e n ,  a c t i n g  a t  a  

c o n s i d e r a b l e  dept h :

s s t  =  £ s t i  ,

wh e r e  i s  a  r e l a t i v e  c o l l a p s i b i l l t y  o f  t he  i - t h  s o i l
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3 2 1 0 10 20 30 40

Fig. 2 Subsidence and r a is in g  o f  s o i l  la y ers  

a t the t e s t  s i t e s  2 , 4 , 5  o f  VolgodonsK

l ay er ;  h j  -  t h i c k  o f  t he  i - t h  l ayer .

Th e  a b o v e  s i i qp l i f i ed  f o r mi l a  d o e s  n o t  t a k e  i n t o  

a c c o u n t  t h e  f ac t ,  t h a t  t he  c o l l a p s e  d e f o r ma t i o n  s h o u l d  b e  

c o n s i d e r e d  a s  a  s p a t i a l  t as k ,  n o t  a s  a  o n e - d i me n s i o n a l  o n e  

( Fi g.  3) .  Howev e r ,  mo r e  a c c u r a t e  s o l u t i o n s  a r e  g i v e n  o n l y  

f o r  c e r t a i n  p a r t i c u l a r  c as es ,  e.  g.  i n  / 2/ .

So i l  f i e l d  t e s t s  ma d e  f o r  p r e d i c t i n g  t h e  c o l l a p s e  h a v e  

s hown,  t ha t  t h e i r  r e s u l t s  l a r g e l y  d e p e n d  o n  t h e  s t r u c t u r e  

o f  t h e  t h i c k nes s ,  p r o p e r t i e s  o f  s oi l s ,  r e g i me  o f  we t t i n g  

a n d  s a n e  o t h e r  f ac t o r s .  The r e f o r e ,  t h e  t e c h n i q u e  o f  s u c h  

f i e l d  t e s t s  c a n n o t  b e  c a n n o n  f o r  v a r i o u s  c ond i t i ons .  

Un d e r  t h e  mo s t  wi d e s p r e a d  c o n d i t i o n s  ( s u c h  a s  t h e  Ni k o p o l  

c o n d i t i o n s )  wi t h  mo r e  l i £ i t  c a t e g o r y  o f  s o i l s  o n e  c a n  u s e  

t he  t e c h n i q u e  e n v i s a g i n g  t h e  we t t i n g  a i r i n g  a b o u t  1 mo n t h  

/ 3/ .  Un d e r  t h e  c o n d i t i o n s  s i mi l a r  t o  t h e  Vo l g o d o n s k  o n e s  

we  r e c c n me n d  a  l o n g e r  we t t i n g  ( f o r  a b o u t  l  y ea r )  u n d e r  

s l o w r i s e  o f  t h e  g r o u n d wa t e r  l evel .  Su c h  we t t i n g  r e g i me  

g i v e s  t h e  r e s u l t s  c l o s e r  t o  ac t u a l  o n e s  f o r  t he  p r o c e s s e s  

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

p o s s i b l e  s o i l  c o l l a p s e  u n d e r  ov e r bu r den .

Fig. 3 Equal c o lla p s e  subsidence l in e s  a t  the  

t e s t  s i t e  N 5

1 1 -  boundaries o f  the t e s t  s i t e
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