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s y n o p s i s  C o n d it io n s  a re  g iv e n  f o r  th e  s im u la t io n  m ode l t e s t i n g  o f  a r i g i d - e l a s t i c - p l a s t i c  
s o i l  b ase . R e la t io n s h ip s  be tw een  th e  s i m i l a r i t y  f a c t o r s  a re  s e t  f o r t h  f o r  th e  s im u la t io n  o f  
th e  s t a t i c  s t a t e  o f  th e  s o i l  b a s e , to g e th e r  w i t h  fo rm u la s  f o r  c a lc u la t i n g  the  m a g n itu d e s  o f  
t h r e e  s i m i l a r i t y  f a c t o r s  i n  a c c o rd a n c e  w i t h  a c o m b in a t io n  o f  tw o  s i m i l a r i t y  f a c t o r s  whose 
n u m e r ic a l v a lu e s  a re  g iv e n .  A p ro c e d u re  i s  p re s e n te d  f o r  th e  c e n t r i f u g a l  s im u la t io n  o f  th e  
b e a r in g  c a p a c i ty  and d e fo rm a t io n  o f  a tw o - la y e r  s o i l  base lo a d e d  by a r i g i d  s q u a re  fo u n d a t io n  
s la b .T h e  to p  la y e r  i s  o f  sandy s o i l  o f  v a r io u s  th ic k n e s s e s  and th e  b o tto m  la y e r  i s  o f  
u n d is t r u b e d  p e a t .d im e n s io n le s s  c u rv e s  a re  p lo t t e d  t h a t  show th e  dependence o f  th e  r e l a t i v e  
s e t t le m e n t  on p re s s u re  i n  d e s ig n in g  th e  s o i l  base s  f o r  fo u n d a t io n  s la b s  o f  b u i ld in g s  and 
s t r u c t u r e s .  D a ta  i s  g iv e n  on th e  c e n t r i f u g a l  s im u la t io n  o f  th e  c o m p r e s s ib i l i t y  a n d ^ c o n s o li -  
d a t io n  o f  56 r a i lw a y  em bankm ents o f  d u s ty  sand l a i d  on lo w - la n d  bogs and  d e s ig n e d  w i t h  th e  
d yna m ic  lo a d s  o f  th e  t r a i n s  ta k e n  i n t o  a c c o u n t .A ls o  p re s e n te d  i s  th e  dependence  o f  th e  
s e t t le m e n t  o f  a r a i lw a y  embankment on th e  t h ic k n e s s  o f  th e  sand  and p e a t la y e r s ,a n d  und e r 
v a r io u s  c o n d i t io u s .  S i m i l a r i t y  c r i t e r i a  f o r  th e  s im u la t io n  o f  th e  c o n s o l id a t io n  o f  a p e a t 
bed  a re  t e s te d .  These c r i t e r i a  a re  c o n f irm e d  by th e  e x p e r im e n ta l  d a ta .

L e t  u s  c o n s id e r  th e  c o n d i t io n s  f o r  th e  s i ­
m u la t io n  m ode l t e s t i n g  o f a r i g i d - e l a s t i c — 
p la s t i c  s o i l  base  w h ic h  i s  assumed t o  be a 
s o l i d  body s p e c i f i e d  by f o u r  p h y s ic a l  co ns­
t a n t s  (G e n iy e v ,1 9 6 5  and 1 9 6 6 ) :

te n s o r  e

( 2 )  G

N
" 5 “

cm
-  b u lk  ( c o m p r e s s ib i l i t y )  m odu lus

- s h e a r  m odu lus  a t  a v e ra g e  p re s ­
s u re  i n  a d e v ia t o r i c  s t re s s e d  
s ta t e

(3) ^ L  d im e n s io n le s s  q u a n t i t y  a n a lo g ic a l  t o  
' th e  c o e f f i c i e n t  o f  i n t e r n a l  f r i c t i o n

( 4 )  Ss tl-  d im e n s io n le s s  p la s t i c  s h e a r  in d e x .

W i th in  th e  sco pe  o f  th e  th e o r y  o f  s m a ll  
s t r a in s , u s e d  i n  th e  th e o r y  o f  p l a s t i c i t y ,  
e q u a t io n s  r e l a t i n g  th e  s t r a i n  and  s t r e s s  a re  
o f  th e  fo rm  _

K 6? = P _ ( 1)
G0De= S Dp ( 2)

w here  0 = vo lu m e  s t r a i n
S a f u n c t io n  o f  th e  s t r e s s  te n s o r  i n -  
=  v a r ia n t s  p ro p o s e d  by G e n iy e v  
De= s t r a i n  te n s o r

s  s t r e s s  te n s o r  

“ - • i .
( 3 )

P - l l
who r e  P= -1Ì--22— 22

u P = f f  ( p 2 2 -p :

=av er age s t r es s

33 ) ¿ + ( p 3 3 - p H ) ^ P l l “ P 2 2
) 2+6

( p^ 2+p | j +p | 1 ) =s t r es 3 i n t ens i t y .

A f t e r  c o m b in in g  th e  e q u a t io n  r e l a t i n g  th e  
v e c to r  o f  s m a ll  d is p la c e m e n t u  and  th e  s t r e s d

w i t h  th e  e q u a t io n  o f  e q u i l ib r i u m

V P  + A  =0 (5 )

w he re  jO =m ass o f  u n i t  vo lum e  o f  th e  body
g » v e c to r  o f  th e  a c c e le r a t io n  o f  g ra ­

v i t y  a t  th e  e a r t h ’ s s u r fa c e ,  
we o b ta in  a c o m p le te  s y s te m  o f  e q u a t io n s  f o r  
d e te r m in in g :  s i x  com ponents  o f  th e  s t r e s s  
t e n s o r , s i x  com ponents  o f  th e  s t r a i n  te n s o r ,  
and th r e e  com ponen ts  o f  th e  d is p la c e m e n t 
v e c to r  c o u n te d  o f f  f ro m  th e  i n i t i a l  u n s t r e s ­
sed  s ta te  o f  th e  body*

The r e la t i o n s h ip s  be tw een  th e  s i m i l a r i t y  
f a c t o r s  i n  s im u la t in g  th e  s t a t i c  s ta te  o f  
th e  s o i l  base (T a b le  1 )  com posed o f  s o i l s  
w i t h  th e  p r o p e r t ie s  o f  a r i g i d - e l a s t i c - p l a s ­
t i c  body can oe d e r iv e d  fro m  e q u a t io n s  ( 1 ) ,  
( 2 ) , ( 3 ) , W  and ( 5 ) .

The a fo re m e n tio n e d  sys te m  o f  s i m i l a r i t y  
f a c t o r s  shows th e  a d v a n ta g e s  o f  s im u la t io n  
i n  a c e n t r i f u g a l  m ach ine  w here  th e  le n g th  
f a c t o r  ( </ ' 'r )c a n  be ta k e n  s u b s t a n t ia l l y  la r g e r  
th a n  f o r  s im u la t io n  i n  a t r a y  and  where a 
p re s s u re  f a c t o r  ( ^ p = l ) c a n  be u s e d , t h is  b e in g  
im p e r m is s ib le  i n  t r a y  s im u la t io n *

The c e n t r i f u g a l  s im u la t io n  o f  th e  b e a r in g  
c a p a c i ty  and d e fo rm a t io n  o f  a tw o - la y e r  base 
( R u d n it s k y ,1 9 7 4 )1 oaded by a r i g i d  sq u a re  
fo u n d a t io n  s la b  was c o n d u c te d  i n  a im c h in e  
o f  th e  G e rse va no v  R ese a rch  I n s t i t u t e  o f  Ba­
ses and U nd e rg ro u n d  S t r u c tu r e s  by S e n io r  Re­
s e a rc h e r  N . fa .R u d n i ts k y .C a n d .S c . ( E n g . ) , e n g i­
n e e r  K .V .M a la k h o v a  u n d e r  th e  s u p e r v is io n  o f  
D . i .P o ls h in ,C a n d .S c , ( E n g . ) .
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R e la t io n s h ip s  Betw een S i m i l a r i t y  F a c to rs  F o r  a R ig id —. E la s t i c - P la s t ic  Base
Tabl e 1

N o * . C o m b in a t io n  o f  tw o 
g iv e n  s i m i l a r i t y  
f a c t o r s

F o rm u la s  f o r  c a lc u la t i n g  th e  th r e e  o th e r  s i m i l a r i t y  f a c t o r s
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ll

fe - ; t  = % -
w here  r = le n g th  f a c t o r ;  ^ ^ d is p la c e m e n t  f a c ­
t o r ;  w =vo lum e s t r a i n  f a c t o r ;  a,£ r = g r a v i ta t io — 
n a l  f a c t o r .  1

T h is  m ach ine  has  th e  f o l lo w in g  s p e c i f i c a ­
t i o n s :  e f f e c t i v e  r a d iu s  o f  ro tia t io n -2 0 0 0 m m  
and s im u la t io n  s c a le  ra n g e  -  10 t o  100 ( P o l-  
s h in , e t  a l t 1973) *

The u p p e r sand la y e r  had a th ic k n e s s  o f  35, 
66 and 100mm in  th e  v a r io u s  e x p e r im e n ts  and 
was o f  a m e d iu m -g ra d e  sand  w i t h  a s p e c i f i c  
w e ig h t  o f  2 o .6  k N /m * .T h e  s p e c i f i c  c o h e s io n  
o f  th e  sand was 0 *0 7  k g f/c m 2  and th e  a n g le  
o f  i n t e r n a l  f r i c t i o n ,  3 4 ° .The sand  was te s te d  
t o  d e te rm in e  th e  s p e c i f i c  c o h e s io n  and  a n g le  
o f  i n t e r n a l  f r i c t i o n  by s lo w  s h e a r  w it h o u t  
p r e v io u s ly  c o m p a c t in g  th e  s a n d .T h e  lo w e r  
l a y e r  was a p e a t m o n o l it h  o f  u n d is tu r b e d  
s t r u c t u r e , a  w a te r  c o n c e n t o f  w=350% and a 
th ic k n e s s  o f  200mm.

On th e  b a s is  o f  th e  g iv e n  s c a le  o f s im u la ­
t i o n  ( 1 5 ) , th e  f u l l - s c a l e  th ic k n e s s e s  o f  th e  
sand  la y e r  w ere  0 .5 * 1 * 0  and 1«5m»and t h a t  
o f  th e  lo w e r  p e a t la y e r  was 3 * Omm f o r  a l l  
th e  e x p e r im e n ts .

The m ode l o f  th e  fo u n d a t io n  was a r i g i d  
s q u a re  s t e e l  p la t e  w i t h  a s iz e  o f  105x105mm 
i n  th e  p la n  v ie w  and  10mm th ic k ,c o r r e s p o n d in g  
t o  a f u l l - s c a l e  s la b  1 * 5 x 1 .5m i n  s iz e .A  v e r ­
t i c a l  u n i fo r m  lo a d  was a p p l ie d .T h e  fo u n d a t io n  
m ode l was p la c e d  on th e  s u r fa c e  o f  th e  m ode l 
o f  th e  tw o - la y e r  b a s e .T h e  e x p e r im e n ts  con­
s i s t e d  i n  d e te rm in in g  th e  s e t t le m e n t  v s

lo a d  r e la t i o n s h ip  a t  s te p s  o f  0 .0 2 5 ,0 .0 3 9  
0 .0 5 2 ,  0 .0 6 5 ,0 .0 8 5 ,0 .1 0 4  and  0 .1 2 5  MPa f o r  
v a r io u s  th ic k n e s s e s  o f  th e  sand  la y e r  and a 
s in g le  th ic k n e s s  o f  th e  p e a t l a y e r .

Shown i n  F i g . l  a re  com b ined  c u rv e s  o f  th e  
dependence  o f  th e  r e l a t i v e  s e t t le m e n t  o f  a 
sand  pad o v e r  a p e a t base  on th e  a v e ra g e  p re s  
s u re  w i t h  pad th ic k n e s s e s  o f  0 . 5 , lo O  and 
l« 5 ia *T h e s e  c u rv e s  le a d  t o  th e  c o n c lu s io n  t h a t  
a t  th e  same a v e ra g e  p r e s s u r e , t h e  a ve ra g e  
s e t t le m e n t  i s  re d u c e d  w i t h  an in c r e a s e  i n  
pad th ic k n e s s . T h is  i s  an i n d i c a t i o n  o f  th e  
h ig h  c a p a c i ty  o f  th e  sand  pad t o  d i s t r i b u t e  
th e  p re s s u re  o v e r  th e  u n d e r ly in g  la y e r  o f 
p e a t .A s  ca n  be seen i n  F i g . l , t h e  b e a r in g  
c a p a c i t y  o f  a sand  pad 1.5m  t h i c k  o v e r  a 
l a y e r  o f  p e a t 3*0m  t h i c k  i s  f ro m  0 .1 2 5  to
0 .1 5  MPa a t  an a v e ra g e  s e t t le m e n t  o f  12 t o  
18cm. F o r a sand pad 0®5m t h i c k  o v e r  a 3*0m  
la y e r  o f  p e a t , th e  b e a r in g  c a p a c i ty  i s  0.05 
t o  0 .0 8  MPa w i t h  an a v e ra g e  s e t t le m e n t  o f 
15 t o  25cm .The  s e t t le m e n t  o f  th e  p ad  i t s e l f  
i s  a b o u t 2% o f  i t s  th ic k n e s s  and  in c l u ie d  
c o m p a c t io n  s t r a in , b e n d in g  d e f le c t io n  o f  th e  
pad and th e  p r e s s in g  o f th e  sand  p a r t i c l e s  
i n t o  th e  p e a t .T h e  s e t t le m e n t  d e p re s s io n  on 
th e  s u r fa c e  o f  a sand  pad  on a p e a t la y e r  
( F i g . l )  i s  re d u c e d  w i t h  an in c r e a s e  i n  th e  
pad t h i c k n e s s ; i t s  d ia m e te r  ra n g e s  f ro m  1 *5  
t o  2 .5  t im e s  th e  s id e  o f  th e  fo u n d a t io n  
f o o t in g #

L e t  us  c o n s id e r  th e  r e s u l t s  o f  th e  s im u la ­
t i o n  o f  th e  d e f o r m a b i l i t y  o f  p e a t s o i l  bases
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F i g . l .  C u rve s  o f  th e  r e a l t i o n s h ip  §  1 0 0 = f (P )

s u b je c t  t o  th e  a c t io n  o f  th e  s t a t i c  w e ig h t  
o f  th e  embankment and d yna m ic  t r a i n  lo a d s *  
T h is  d a ta  was o b ta in e d  t o  s u b s t a n t ia te  th e  
p o s i b i l i t y  o f  e m p lo y in g  lo c a l  d u s ty  sands  
f o r  m a k in g  em bankm ents on Type  1 bogs f o r  
one o f  th e  l a r g e s t  r a i lw a y  c o n s t r u c t io n  
s i t e s  o f  W est S ib e r ia .

Used f o r  t h e  m ode ls  o f  th e  b ase s  w ere  lo w  
and medium w a te r  c o n te n t  p e a ty  s o i l s  o f  f o ­
r e s t  and fo r e s t - m a r s h  s u b - t y p e s , v a l le y  p e a t 
(S h a k h u n y a n tz ,1 9 5 3 )a n d  re e d  and sedge p e a t  
s e le c te d  i n  th e  fo rm  o f m o n o l i t h ic  b lo c k s  
a lo n g  th e  r o u te  o f th e  r a i lw a y  c o n s t r u c t io n ,  
The m o d e ls  o f  th e  em bankm ents w ere  made o f  
l o c a l  d u s t y  s a n d s .

P
The s im u la t io n  s c a le  n e q u a l le d  5 0 . The 

t r a n s ie n t  o p e r a t io n  p e r io d  o f  th e  c e n t r i f u ­
ge was u t i l i z e d  t o  s im u la te  th e  c o n s t r u c t io n  
p e r io d  a c c o rd in g  t o  a p ro c e d u re  w orked  o u t  
b y  th e  a u th o r s .  I n  t h i s  p r o c e d u r e , th e  a c c e le ­
r a t i o n  o f  th e  m ach ine  i s  c o o r d in a te d  w i t h  
th e  r a t e  a t  w h ic h  th e  em bankment i s  b e in g  
made and a t  w h ic h  th e  s t r e s s e s  g ro w  i n  th e  
em bankm ent. The r e q u ir e d  in c re m e n t o f  speed  

A Nj_ o f  th e  m ach ine  a t  che moment o f  t im e  t i  
i s  d e te rm in e d  by fo rm u la  ( 3 )  g iv e n  i n  p r e v i ­
ous w o rks  (Y a k o v le v a ,1 9 6 8 )a n d  ( P o ls h in , e t  a l  
1 9 7 3 )»The m o d e ls  o f  th e  sand em bankm ents w ere  
s u b je c te d  t o  th e  m ode l o f  a d yn a m ic  t r a i n  
l o a d , t r a n s m i t t e d  t o  th e  em bankm ents i n  p e r io -

F ig . 2  C u rv e s  o f  th e  r e la t i o n s h ip  S = f f t )  f o r  t r a n s m i t t e r s  Nos 5 and  7

693



2/69

d ie  v i b r a t i o n s  w i t h  a f re q u e n c y  o f  25 Hz and 
an a m p litu d e  o f  a b o u t 0.1mm (S h a k h u n y a n tz  
and Y a k o v le v a ,1 9 7 3 )»The le n g th  o f  e a ch  expe­
r im e n t  was d e te rm in e d  by th e  t im e  r e q u i r e d  
f o r  th e  c o m p le te  s t a b i l i z a t i o n

o f  th e  p e a t base  and ra n g e d  
fro m  5 t o  15 h o u r s .  S p e c ia l  d is p la c e m e n t 
t r a n s m i t t e r s  i n  th e  e x p e r im e n ts  ( u s in g  a s y s ­
tem  o f  s e ls y n s ) r e g is t e r e d  th e  s t r a i n  o f  th e  
m o d e ls  o f  b o th  th e  p e a t b ase s  and th e  embank­
m e n ts . F o r  th e  a b o v e -m e n tio n e d  ty p e s  o f  depo­
s i t s ,  5 °  ite m s  w ere  s im u la te d  u n d e r v a r io u s  
c o n d i t io n s  ( ty p e  o f  p e a t d e p o s i t ,w a te r  c o n te n t  
and d e n s i t y  o f t h e  p e a t .g e o m e tr ic  d im e n s io n s  
o f  th e  d e s ig n e d  em bankm ent,and  th e  d e n s i t y  
and w a te r  c o n te n t  o f  th e  sa nd  f o r  th e  embank­
m e n ts )  .

One o f  th e  m o d e ls  o f  an embankment on a 
p e a t  base i s  shown a t  th e  f i g h t  i n  Fig<>2 i n  
th e  s ta te  f o l lo w in g  th e  c o m p le t io n  o f  th e  ex­
p e r im e n t.T h e  s e t t le m e n t  o f  th e  m o de l is  q u i t e  
e v id e n t  ( s im u la t io n  to o k  i n t o  c o n s id e r a t io n  
s p r in g  f l o o d in g  o f  th e  bog t o  a d e p th  o f  0 .5 ° 0  
C o n s o l id a t io n  c u rv e s  f o r  th e  same m o de l a re  
p lo t t e d  i n  th e  same f i g u r e .

The d e fo rm a t io n s  shown i n  th e  i l l u s t r a t i o n  
a re  t y p i c a l  o f  th e  g ro u p  o f  e x p e r im e n ts  b e in g  
d is c u s s e d .H e re  t r a n s m i t t e r  7 i n d ic a t e s  th e  
c o u rs e  o f  s e t t le m e n t  w i t h  t im e  o f  th e  p e a t 
la y e r ,a n d  t r a n s m i t t e r  5 th e  s e t t le m e n t  o f  
th e  s u r fa c e  o f  th e  embanKment m o d e l« .T h u s ,in  
th e  f i g u r e , t h e  d i f f e r e n c e  b e tw e e n  th e  r e a ­
d in g s  o f  t r a n s m i t t e r s  5 and 7 in d ic a t e s  th e  
v a r ia t i o n  i n  th e  s e t t le m e n t  o f  th e  sa nd  la y ­
e r  w i t h  t im e .T h e  dashed  c u rv e  r e p r e s e n ts  
th e  c a lc u la te d  c o m p re s s io n  o f  th e  p e a t base 
as a tw o -p h a s e  s o i l , T h e  c a lc u la t i o n  was c a r ­
r i e d  o u t  i n  a c c o rd a n c e  w i t h  th e  p e r c o la t io n  
th e o r y  o f  c o n s o l id a t io n .

F ig u re  2  in d ic a t e s  t h a t  th e  c h a r a c te r  o f 
th e  e x p e r im e n ta l  and c a lc u la te d  r e la t i o n s h ip s  
d i f f e r : t h e  supposed  s t a b i l i z a t i o n  o f  th e  c a l~  
c u la te d  s e t t le m e n t  s h o u ld  have  o c c u r re d  as 
e a r ly  as th e  5 th  m o n th ,w h i le  th e  e x p e rim e n ­
t a l  s e t t le m e n t ,o b ta in e d  i n  s im u la t io n , p r o ­
ceeded  f o r  300 m o n th s .T h is  a g re e s  w i t h  d a ta  
o b s e rv e d  f o r  th e  s e t t le m e n t  o f  e x p e r im e n ta l  
em bankm ents made on Type 1 b og s  d u r in g  th e  
c o n s t r u c t io n  o f  th e  r a i lw a y  m e n tio n e d  a b o ve . 
T h is  p o in t s  t o  th e  f a c t  t h a t  th e  p h y s ic a l  
n a tu r e  o f  th e  c o n s o l id a t io n  p ro c e s s  i s  r e p ­
r e s e n te d  more f u l l y  i n  s im u la t io n  th a n  i n  
c a lc u la t i o n s  a c c o rd in g  t o  th e  p e r c o la t io n  
th e o r y  o f  c o n s o l id a t io n , t h e  phenomenon o f  
c re e p  a ls o  b e in g  r e p re s e n te d .

E x p e r im e n ta l c o n s o l id a t io n  c u rv e s  a re  s u f ­
f i c i e n t l y  w e l l  a p p ro x im a te d  by e q u a t io n s  o f  
th e  f o l lo w in g  fo r m ,w id e ly  used i n  d e s ig n in g  
p r a c t ic e  ( P o ls h in , e t  a l ,  1973 )5

V W 1' 6

w here  S ^ .= s e tt le m e n t a t  th e  moment o f  t im e  t  
St o ^ = t o t a l  s e t t le m e n t

oC =dam ping f a c t o r  ( fo u n d  e x p e r im e n ta l-

i y )
O wing t o  th e  s p e c i f i c a t i o n  o f  th e  c o n s t r u c ­

t i o n  p e r io d  t c (s e e  F i g . 2 ) i t  was p o s s ib le  t o  
o b ta in  ,a s  th e  r e s u l t s  o f  s im u la t io n , b e s id e s  
th e  t o t a l  s e t t le m e n t  S - to t» th e  s e t t le m e n t  Sc 
o f  th e  c o n s t r u c t io n  p e r io d  and th e  s e t t l e ­
m ent in  o p e ra t io n  S0p=S -to t~S c w h ic h  i s  o f  es­

p e c i a l l y  g r e a t  i n t e r e s t  f o r  p r e d ic t i n g  th e  
d e fo rm a t io n  o f  th e  em bankm ents o f  r a i lw a y s .

The o b ta in e d  e x p e r im e n ta l  r e la t i o n s h ip s  
S « f$ r, ¿Ts ,h ,H ,b )w e re  a n a ly s e d  by  m u l t ip le  
c u r v i l i n e a r  r e g r e s s io n *

The r e s u l t s  o b ta in e d  i n  s im u la t io n  w ere 
made use o f  t o  s u b s t a n t ia te  th e  d e s ig n  o f  
s ta n d a rd  c r o s s  s e c t io n s  o f  em bankm ents o f  
d u s ty  sands made on Type 1 b o g s ,T h e s e  s ta n ­
d a rd s  w ere  in c lu d e d  i n  th e  ' ‘ I n s t r u c t i o n s  
F o r th e  D e s ig n  o f  S ub g ra d es  f o r  R a ilw a y s  and 
H ig h w a y s " i n  1 97 3 .

The v a l i d i t y  o f  th e  r e s u l t s  i s  c o n f irm e d  
by th e  c o in c id e n c e  of th e  s i m i l a r i t y  c r i t e r i a  
i n  th e  s im u la t io n  o f  s e t t le m e n ts  i n  t e s t s  a t  
v a r io u s  s c a le s © ! c o m p a ris o n  o f  t h e  n u n E r ic a l  
v a lu e s  o f  th e  c r i t e r i a , f o r  w h ic h  fo r m u la s  
w ere  g iv e n  p r e v io u s ly  ( Y a k o v le v a ,1 9 6 8 ) ,shows 
t h a t  f o r  t e s t s  w here  n =50 and n = 7 5 , th e  d e v ia ­
t i o n  fro m  th e  a v e ra g e  v a lu e s  i s  6 .8% .

F i g . 3 . C u rv e s  o f  th e  r e la t i o n s h ip  S = f ( t ) f o r  
M o de ls  N os . 75  and 86

The c o n s o l id a t io n  c u rv e s  f o r  tw o  m o d e ls  
t e s te d  a t  d i f f e r e n t  s c a le s  (M ode l N o .8 6 tn = 5 0  
w = 4 3 7 :, f =9»67 k N /m ^ ,h = 9 .0 c m ja n d  M ode l N o .75 : 
n=75,w =490% , f = 9 .V4- kN/m3 and h o 6 .6 7 c m ) ,p ra ­
c t i c a l l y  c o in c id e d  (F ig .3 )w h e n  th e y  w e re  r e  -  
c a lc u la t e d  t o  f u l l - s c a l e  d a ta .
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