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An estimation of improvement effects of geotextile on bearing capacity 

of soft ground 

K. Makiuchi & K.Minegishi 
Nihon University. Funabashi. Japan 

ASTRACT: An i nve s t i ga t i on u s i ng l aboratory load i n g  test  under a p l ane s t r a i n  cond i t ion 
was carri ed out in order t o  exam i n e  the  appl i c ab i l i ty of the  general l y  used formu l a  for 
an u l t i m a t e  bea r i n g  capac i ty based on Terzagh i '  s theory. Two boxes used in the mod e l  
tests  were f i l l ed w i t h  a s o f t  l ayer o f  remoul ded Kao l i n  c l ay. Effec t s  o f  tens i l e  force 
of geo tex t i l e s ,  w i d t h  of l oading  p l a t e ,  m o i s t u r e  content of s o i l  on the l oad-s e t t l ement 
relat ionships  were i nves t i gated.  I t  was'  found that the bea r i n g  capa c i t y  depended 
marked l Y  on the t en s i on (fr i c t i on a l  force) of geotex t i l e  and the mod i f i ed theory was  
app l i c able  t o  d eterm i n i ng a bear i n g  cap�c i ty of poor ground. 

I I NTRODUCT I ON 

Rei nforcement u s i n g  geotex t i l es i n  order to 
i mp r o v i n g  a bear i n g cap a c i t y  of very poor 
ground has acq u i red recogn i t i on as effec t i ve 
and econom i ca l  a l t e rna t i ve s  t o  conven t i on a l  
co n s t r u c t i o n m e t h o d s .  S ev e r a l  d e s i g n 
app r o a c h e s  h a v e  b e e n  p r o p o s ed h i t h e r t o .  
However, t h e  a c c ept a b l e  r a t i o n a l  des i gn 
procedure for i t  h a s  n o t  been wel l bui l t  up.  

At  p r e s e n t  t h e  e x t ended  form u l a  based on 
Terzagh i '  s theory i s  u s ed in  gener a l  for the  
u l t i m a t e  b e a r i n g  c ap a c i t y o f  a v e r y  s o f t  
foun d a t i on .  H o w e v e r .  i t s  app l i c a b i l i t y  i s  
not c l ea r  a n d  t h e r e  a r e  no r a t i on a l  method  
to est i m a t e  t h e  parameters  i ri the  formu l a. 

I n  t h i s  s t u d y  a n  i nv e st i g a t i o n u s i n g  a 
l abor� tnry load i n g  t e s t  under  a p l an e  
s t r a i n  cond i t ion  was  c a r r i e d  o u t  i n  order t o  
exam i n e  t h e  app l i c ab i l i t y o f  t h e  m o d i f i ed 
Terzagh i '  s t ype bear i n g  capa c i t y  e q u a t i o n .  

2 EXPERI MANTAL PROCEDURE 

2. 1 Tes t i n g  appa r a t u s  

Two t e s t i n g  b o x e s  were  u s ed i n  t h i s  
expe r i m e n t a l  w o r k .  T h e  box  u s ed i n  T e s t - I  
w a s  1 0 0 0  m m  i n  l e n g t h .  1 0 0 0  m m  i n  w i d t h  
and 5 0 0  mm i n  depth.  The box u sed i n  Test- I I  
Was 3 8 0  m m  i n  l en g t h .  2 2 0  mm i n  w i d t h and 
240 mm i n  d-epth.  A l l  t e s t s  were carried 
o u t  i n  t h e  con d i t i o n  o f  a p l an e  s t r a i n. 

I n  Tes t - I  a s u r f a c e  d i s p l a cement was 
m e a s u r e d  u n d e r  t h e  c o n t r o l  o f  s t r e s s  i n  
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wh i c h  t h e  s t e e l  w e i g h t s  w e r e  pu t d i r e c t l y  
o n  t h e  l o a d i n g  p l a t e .  A compr e s s i on mach i n e  
o f  c a p a c i t y  o f  1 0 0  k N  w a s  a l s o u s e d f o r  
T e s t - I I  a n d  t h e  s o i l d e f o r m a t i o n i n s i d e  
t h e  t e s t  b o x  o f  wh i c h t h e  s i d e  w a l l  w a s  
made o f  an acry l i c  r e s i n  were observed 
u s i ng the markers.  

2 . 2 Mater i a l  charact e r i z a t ion 

The s o i l u s ed i n  t h e  t es t s were relllou i d ed a 
K ao l i n  c l ay of w h i ch m o i s ture content was 8 0 ,  
9 0  and 1 0 0  % .  T h e  dens i ty of s o i l  par t i c l e s  
w a s  2 . 6 2  ,g/ c m 3 ,  and i t s  p l a s t i c  l i m i t  a n d  
p l a s t i c i t y  i ndex were 7 5 . 8  % and 4 3 . 8 .  
respec t i ve l y  .. 

T w o  d i f f e r e n t  t y p e  o f  g e o t e x t i l e s  w e r e  
u s ed i n  t h e  e x p e r i m e n t .  A non-woven fabr I �  
o f  2 . 1 m m  i n  t h i c h n e s s ,  2 0 0  g/m 2 i n  m a s s ,  
0 . 9 k N /m i n  t e n s i l e  s t r e n g t h  w a s  u s e d  i n  
T e s t- I .  A woven fabr r i c o f  0 . 3 m m  i n  
t h i c h n e s s .  1 6 5  g/m ' i n  m a s s .  5 0  kN/m  i n  
t e n s i  I e  s t r e n g t h  W i U:;  ll �ed i n  T e 5 t - I  I ,  

2 . 3 Tes t i ng cond i t ions  

The geo t ex t i l e  w a s  l a i d  down on t h e  top  o f  
t h e  ground under a cond i t i on of n o  surcharge 
l a y e r �  i n  o r d e r  to m e a s u r e  d i r e c t l y  t h e  
s u r f a c e  deform a t i on of soft  found a t ion .  

I n  Te s t - I ,  the  mo i s t u r e  con t e n t  o f  s o i l  
was  prepared at  80  %. Three d i f ferent w i d t h s  
o f  l oa d i n g  p l a t e s  o f  B = 1 .  2 5 .  2 . 5  and 5 . 0  
e m  w e r e  u s e d  g n d  b o t h  e d g e s  o f. t h e  
geo t e x t i l e s  were t e n s i oned u n i f o r m l y  a t  6 3  
a n d  2 1. 4 k N /m u s i n g  t h e  c o u n t e r  we i g h t s .  
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Fig. l Effects of tension on stress-sett lement curve 

(Test- I )  

I n  T e 8 t - 1  I .  t h e  m o i s t u r e  c o n t e n t  o f  s o i l 
t e s t ed w a s  8 U .  9 0  and  1 0 0  %. The w i d t h s  o f  
l o a d i n g  p l a t e  emp lOYed w e r e  2 . 5 a n d  5 . 0 e m .  
a n d  t h e  t e n s i on f o r c e  T of geote x t i l e s was  
from 4 9  to 1 9 6  kN/m. 

3 RESULTS AND D I SCUSS I O N  

3 . 1 I ncrease i n  bearing  capa c i t y  

F i gu r e  1 shows t h e  load-s e t t l ement r e l a t i o n  
i n  t he c a s e  of t h e  p l a t e  w i d t h  B = 2 .  5 cm .  
and  t h e  m o i s t u r e  content  w = 8 0  %,  i n  
T es t - I .  The s et t l em e n t s  are  t h e  mean v a l u e  
o f  t h e  l o a d i n g  p l a t e  p e n e t r a t i on .  I n  t h e  
c a s e  u s i n g  n o  g e o t e x t i l e s  t h e  i n t en s i t y o f  
b e a r i n g  v a l u e y i e l d s u n d e r  1 0  k P a  a n d  a 
l a rge  deform a t i o n  o c c u r s .  On t h e  con t r a r y .  
t h e  l o ad-s e t t l ement curves w i th geotex t i l e s  
a r e  a l mo s t  s t r a i g h t  a n d  t h e  s t r e s s e s a r e  
i ncreas i n g  i n  propor t i on t o  t h e  t e n s i o n .  
T h e  o t h er c a s e s  o f  d i f f e r e n t  p l a t e  w i d t h s  
d e m o n s t r a t e s  t h e  s am e  p a t t e r n .  

F i gu�e  2 shows t h e  l oad-set t l ement  c u rves 
o f  t h e  p l a t e  w i d t h  B = 5 . 0 em and the 
t en s i on T = 1 0 0  N/m in  T e s t - I I . I t  can be 
s e e n  f r om t h i s  f i g u r e  t h a t  two or t h r e e  
t i m es o f  t h e  i ncease  i n  bear i ng capac i t y i s  
o b t a i ned  b y  t h e  u s e  o f  g eo t e x t i l e s .  

3 . 2 Deforma t i on 

A n  e x amp l e  of s u r f a c e  s e t t l em e n t  p a t t e r n  
c a u sed  b y  t o  t h e  p l a t e  p e n e t r a t i o n  u n d e r  
l oad i n g  i s  shown i n  F i g . 3 . A s l i d i n g  f l ow 
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Fig. 3 Surface displacement under loadings (Test- II)  

of  s o i l at  b o t h  s i d e s  of  l o a d i n g  p l a t e  
occurs  grad u a l l y  w i t h t h e  i n crease i n  
s t r e s s  i n t e n s i t y .  and  i t  can  be seen  that 
the g eo t e x t i l e  g i v e s  e f f e c t s  of r e s t r a i n t  
of t h e  so i l  movem e n t ,  name l y  " h ammock 
effec t " .  

F i g u r e  4 shows t h e  t y p i c a l  deform at ion of 
f o u nd a t i o n  s o i l d u r i n g  l o a d i n g s .  I n  t h e  
c a s e  u s i n g  g e o t e x t i l e s ,  i t  w i l l  b e  s e e n  
t h a t  t h e  f o u n d a t i o n s o i l s h o w s  a l m o s t  a 
c i r c l e  s l i d e  around  t h e  p o i n t  o f  ± 7 5  mm 
i n  hor i z o n t a l  d i s t a n c e  and 2 5  mm i n  depth.  

3 . 3 R e l a t i onships  between rad i us and 
p l a t e  w i d t h  

F i g u r e  5 i l l u s t r a i t s  t h e  bear i n g  capac i t y 
mod e l  o f  s o f t  g r o u n d .  Mod i f i e d Terzagh i '  s 
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(Test- I ) 

form u l a 1 ) z >  g i v e s  t h e  bear i n g  c a p a c i t y q 
as fo l l ow s ;  

q = q 1  + Q2 + Q s  + Q4 
a cN e  + 2T s i n e lB + N oT/r + 1  ,D,No 

Where, 
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a :  shape factor 
c,  r , : cohes ion  and b u l k  d ensi ty  of soi 1 
Ne,  N q :  coef f i c i en t s  o f  bearing capa c i t y  

T :  tension of geot e x t i  I e  

r :  rad i u s  of adj acent c i rc l e  

e :  tangen t i a l ang l e  

B :  w i d t h  of loading p l a t e  

Dt': set t l ement of loading p l a t e  

F i g ure  6 s h o w s  t h e  r e l a t i onsh i p s  b e t w e e n  
t h e  r a d i u s  o f  a d j a c e n t  c i r c l e  a n d  t h e  w i d t h  
of p l a t e  i n  t h e  case  o f  w = 8 0  % i n  Test- I .  
I t  i s  o b s e r v ed t h a t  t h e  r a d i u s d e c r e a s e s  
s l i g h t l y  w i t h  t h e  i ncrease i n  w i d t h  o f  
p l ate .  O n  t h e  other  hand, i t  i s  a l s o  
o b t a i ned f rom t h e  r e s u l t s  t h a t  t h e  t a ngent  
angle  e increase  i n  propor t i on to t h e  
r a d i u s .  Therefore the v a l u e  o f  s i n e / 8  does 
not  s hows  a s i g n i f i c a n t  change d u e  t o  t h e  
p l a t e  w i d t h. The r ad i u s .  a t  t h e  g i ven 
tensi I e  force of geot e x t i  l es .  decreases w i  th 
increasing  i n  s et t l ement under loadings,  and 
h e n c e  the e f f ec t s  o f  d e g r e e  of s e t t l em e n t  
i s  r emar k ab l e  on t h e  bea r i n g  capac i t y .  

S . 4 Relat ionships  between rad i u s  and tens i on 

I t  i s  po s s i b l e  to determine the rad i us 
b a s e d  on t h e  d e f or m a t i o n a l  shape near  t h e  
loading  p l ate ,  a l t hough drawing the adjacent  
c i r c l e  som e t i me s  g i v e s  errors .  The  rad i u s  
and t ension of geotex t i l e s  are shown i n  
F i g. 7 . I t  may b e  seen from t h i s  f i gure t h a t  
t h e  rad i u s  increase w i t h  t h e  i ncrease i n  t h e  
t e n s i o n  and  c a n  f i n d  t h e  a l m o s t  c o n s t a n t  
v a l u e  oJ TIT. 

F i g u r e  8 shows t h e  r a d i u s  t e n s i on 
r e l a t i on a t  t h e  s e t t l ement d = SO mm. I t  can 
be s een from F i g s . 7 and 8 that t h e  bear i n g  
v a l ue of q 3  i n  t h e  eq u a t i on men t i oned above 
i n creases marked l y  w i t h  increase in tens i on.  



10.,----------,...------, 
u (kPa) B (em) 

60 

50 
E 

$ 40 

o 10 5. 0 
• 18 5. 0 
b. 10 2. 5 
A 18 2. 5 o 10 !. 25 
• 18 !. 25 

Tension. T (N/m) 

Fig. 7 Effects of tension on radius (Test- I ) 

o 

o a 

a 

Moisture content: w = 80 % 
Loading plate width: B = 2. 5 em °OL----"'----�������� n 50 100 150 200 

Fig. 8 Effects of 

.. � '" 
g . > 
� :'J 
" 0 -;;; � 

18  

10 

B (em) 0 : 5 . 0  
,, :  2. 5 
0 :  1 .25  

Tension. T (N/m) 

tension on radius (Test- il )  

Tension: T ;:: 63 N/m 

10 18 
Measured value (kPa) 
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3 . 5 Compari son between c a l c u l a t ed and 
observed values  

F i gu r e s  9 and  1 0  show the r e s u l t s  of  
compar i son between the obs erved d a t a  and  the 
t h eor e t i c a l  value based on the mod i f i ed 
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Terzagh i ' s form u l a .  i n  t h e  cond i t i on of 
cohesion  of so i l .  c = 1 .  3 kPa,  and mo i s ture 
con t e n t  of s o i l .  w = 80 % • A s a t i sfac tory 
cor r e l a t i on can b e  found i n  F i g. 9 . F i gure 
1 0  s hows the some  d i f f e r e n c e  b e t w een them. 
Th i s  may b e  c a u s e d  by t h e  s h o r t c om i n g  of 
graph i c a l  d e t e r m i n a t i on of r ad i u s  and 
tangen t i a l  angle. and others.  

4 CONCLUD ING  REMARKS 

R e s u l t s  o b t a i n ed i n  t h i s  s t u d y  a r e  
summari zed as  fol lows.  

1 )  The deform a t i o n  s t a t e  s u ch a s  r a d i u s  
o f  adjacent  c i r c l e  and tangen t i a l  angle  are 
i n f l u en c e d  by t h e  w i d t h  of l o ad i n g  p l a t e .  
d e g r e e  o f  s e t t l em e n t  a n d  t e n s i l e  f o r c e  of 
geotext  i les .  

2 )  The  mod i f i ed equ a t i on of bear i n g  
capac i ty  based on Terzagh i '  s t h eory i s  
s a t i sf a c t or i l y  app l i c a b l e  t o  a soft ground : 
however. i t  i s  d e s i rable  t o  have  a r a t i on a l  
method to det erm i n e  t h e  r a d i u s  o f  tangen t i a l  
ang l e  d u e  to deformat i on o f  grou-nd.  
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