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SYNOPSI S : Ge os ynt he t i c  c ompos i t e  e l e me nt s  wh i c h  a r e  s ui t a bl e  f or  s i gni f i cant l y h i gh  i mp r o v e me n t s  i n vi r gi n s oi l s  

of  me d i u m s t i f f  va r i e t y a r e  e vo l v e d  i n t he  s t udy .  Wh e n  a  s oi l  ha v i ng  CBR=8  wa s  r e i nf or c e d wi t h  t he s e  e l e me nt s ,  

i t s  CBR va l ue  i mp r o v e d  b y  118 t o 300% de p e n d i n g  on cons t i t uent s  of  t he  e l e me nt  e mp l o y e d .  A s e r i e s  of  t es t s  
c onduc t e d  wi t h  gr a dua l l y  i nc r e a s i ng c yc l i c  l oa d ga ve  i ns i ght  i nt o e l as t i c  a nd  pe r ma n e n t  de f o r ma t i ons  of  t he  s oi l .  

Ma t e r i a l  pa r a me t e r s  wh i c h  c an r e pr e s e n t  t he s e  c o mp on e n t s  of  de f or ma t i ons  a r e  de f i ne d a nd cons t i t ut i ve  r e l a t i on 
of  t he  r e i nf or c e d s oi l  s y s t e m i s  pos t ul a t e d.  Th e  ma t e r i a l  pa r a me t e r s  ob t a i ne d b y  c onduc t i ng s pec i f i c  l a bor a t or y 
t es t ,  wh e n  us e d i n t he  cons t i t ut i ve  r e l a t i on,  c a n p r e di c t  pe r f o r ma nc e  of  t he  ac t ua l  s u bg r a d e  wh i c h  i s  r e i nf or c e d 

wi t h  s uc h  c ompos i t e  e l e me nt s .  Ano t h e r  s e r i e s  of  t es t s  c onduc t e d  b y  r e pe a t i ng l oa di ng a nd  unl oa di ng at  t hr e e  di f f e r ent  
l oa d l e ve l s  ga v e  i de a  of  vi br a t i on di s s i pa t i on c a pa c i t y  of  s uc h  r e i nf or c e d s ub gr a de s  un de r  r e pe t i t i ve  t y pe  t r af f i c 
l oa ds  of  t hr e e  di f f e r ent  i nt ens i t i es .

INTRODUCTION

Ge os ynt he t i c s  a r e  ge ne r a l l y r e c o mme n d e d  f or  i mp r o v e ­
me n t  of  r oa d s u bg r a de s  ha v i ng  CBR l es s  t ha n  2 or  
3 ( Gi r oud a nd  Noi r a y,  1981) .  But  s ome t i me s ,  h i gh 

s p e e d  h e a v y  t r af f i c ma y  d e ma n d  i mp r o v e me n t  of  s u b ­
g r a de s  ha v i ng  CBR of  4 or  6.  Ev e n  s oi l  wi t h  be a r i ng 
c a pa c i t y of  1 or  1. 5 k g / s q . c m.  ma y  ne e d  i mp r o v e me n t  
i f  i t  i s  b e l o w a r a i l wa y  t r a c k wh e r e  s t r e s s e s  e x c e e d  

2. 5 k g / s q . c m.  ( Az e e m,  1992) .  I n p r o b l e ms  of
r oa d / r a i l wa y  s ubgr a de s ,  t he  s t r e s s e s  i nduc e d  i n 

t he  por t i on be ne a t h t he  l oa di ng a r e a s  a r e  ma n y  t i me s  
mo r e  t ha n t he  s t r e s s e s  i n t he  a dj a c e nt  a r e a s  i n whi c h  

t he  ge os ynt he t i c  i s  a nc h or e d .  A l a ye r  of  n o n wo v e n  
geot ext i l e ,  a l t hough an e xc e l l e nt  s e pa r a t o r  a n d  dr a i na ge  

- c um- f i l t r a t i on me d i u m,  c a nnot  wi t hs t a nd  s uc h  di f f e r e ­
nt i al  s t r e s s e s  a nd  ma y  f ai l  i n a  s hor t  t i me .  I n c a s e  
of  wo v e n  ge ot ext i l e  r e i nf or c e me nt s ,  s i nc e  s ur r ound i ng 

me d i u m s t i f f  s oi l s  wi l l  e x pe r i e nc e  l ow s t r a i ns ,  onl y 
l o w s t r e ngt h of  i ni t i al  mo du l u s  wo ul d  be  mobi l i s e d .  
Ge ogr i ds  a l l ow c r os s  mo v e me n t  of  s oi l  gr a i ns  a nd  

d o  not  de r i ve  bene f i t s  of  c onf i ni ng t he  s oi l s .  It  
c a n be  i nf e r r e d t ha t  h i gh  s t r e ngt h i mp r o v e me n t  ma y  

r e qui r e  pa d- l i ke  c o mpos i t e  r e i nf or c i ng e l e me nt  wh i c h  
ma y  de r i v e  i t s  s t r e ngt h b y  conf i ni ng s a nd  gr a i ns  

i nbe t we e n  l a ye r s  of  h i gh  mod u l u s  geot ext i l e .  One  
s uc h  e l e me n t , p r e p a r e d  b y  c ove r i ng bot h f a c e s  of  

a  t hi n l a ye r  of  a  s e l e c t e d va r i e t y of  s a nd  wi t h  a 
wo v e n  f i br e - gl a s s  f a br i c  g a ve  o p t i mu m i mp r o v e me n t  
of  100% at  a  s e t t l e me nt  l i mi t e d t o 7. 5% wi d t h  of  

mo d e l  f oot i ng t e s t e d on de ns e  s a nd  ( 0 = 37 de gr e e s )  
( Pat e l ,  1981) .

Anot h e r  c ompos i t e  r e i nf or c i ng e l e me nt ,  f o r me d  b y  

pl a c i ng a  s ui t a bl e  ge ogr i d i n t he  mi d d l e  of  a  t hi n 
l a ye r  of  s e l e c t e d s a nd  a n d  b y  c ove r i ng i t s  one  or  

bo t h f aces  b y  a  wo v e n  geot ext i l e ,  ga v e  i mp r o v e me n t  
of  118 t o 300% ( Pa t e l  a nd  Ra na  1990,  Pa t e l  a nd  Gur a -  

ppa c ha r i ,  1991) .  Th i s  p a p e r  r e por t s  de t a i l s  of  t he  
l a bor a t or y s t at i c a nd  c yc l i c  l oa d t es t s  c onduc t e d  
on l oca l  c l a ye y  s oi l  s p e c i me ns  r e i nf or c e d wi t h  t hi s

ge os ynt he t i c  c ompos i t e  e l e me nt .  Th e  s t udy gi ve s  i n­
s i ght  i nt o me c h a n i s m r e s pons i bl e  f or  t he  r e i nf or c i ng 
ac t i on of  t he  e l e me n t .

LABORATORY TEST DETAILS

CBR Load T ests

Cal i f or ni a  be a r i ng  r a t i o t es t  i s  wi de l y  a d o p t e d  f or  
t es t i ng s u b g r a d e s  a n d  i t s  de s i gn c ha r t s  a r e  we l l  
a c c e p t e d  f or  de s i gn of  r oa d  pa v e me nt s .  Si mpl i c i t y 
a nd a c c ur a c y  a r e  t he  a d d e d  a dva n t a ge s .  He nc e  t hi s  

t es t  i s  i nc r e a s i ngl y b e c o mi n g  popul a r  f or  s uc h  s t udi e s  
( Ma nda l  a nd  Moh a n ,  1989,  Mur t a z a  et  a l . ,  1988) .

Mor e o ve r ,  t he  CBR va l ue s  a r e  f ound at  2. 5 mm a nd 
5 mm pe ne t r a t i ons  wh i c h  c or r e s po nd  t o 5% a n d  10%of  

pl unge r  d i a me t e r .  Th e s e  va l ue s  of  pe ne t r a t i ons  a r e  
c o mp a r a b l e  wi t h  t he  7. 5% t o 8% va l ue  at  wh i c h  t he  
r e i nf or c e d s a nd  b e d  be gi ns  t o yi e l d ( Pat e l ,  1981) .  

Al s o t he  ac t ua l  r e i nf or c e d s oi l  s u bg r a d e  i s  mo r e  
pr e c i s e l y s i mul a t e d  i n CBR t es t  t ha n i n t he  t r i axi a l ,  
di r e c t  s he a r  a nd  mo d e l  f oot i ng t es t s  on s uc h  s oi l s .

Ho we v e r ,  i f  t he  CBR l oa di ng p l unge r  i s  c ons i de r e d  

a s  a  s ma l l  c i r c ul a r  f oot i ng,  t he  s t a nda r d  mo u l d  of  

d i a me t e r  e qua l  t o 3 t i me s  t he  pl unge r  d i a me t e r  i s  

f ound  i na de qua t e  f or  t he  r e i nf or c i ng ac t i on of  t he  
ge os ynt he t i c  c ompos i t e  e l e me nt s  ( Pa t e l  a nd  Ra na ,
1990) .  He nc e ,  i n t he  p r e s e nt  s t udy,  t he  d i a me t e r  

of  mo u l d  wa s  i nc r e a s e d t o 5 t i me s  t he  p l unge r  di a me t e r .  
Ot h e r  f a c t or s  l i ke  t hi c kne s s  of  s pe c i me n ,  c ompa c t i on  

e ne r g y  p e r  uni t  vo l ume ,  s ur c ha r ge  p r e s s ur e  et c.  
we r e  ke p t  s a me  a s  i n t he  s t a nda r d  t es t .

M aterials

Loc a l  c l a ye y  s oi l  a d o p t e d  a s  vi r gi n s oi l  wa s  of  Cl  
t ype ,  ha v i n g  W | _ = 37,  Wp  = 17,  f i ne s a nd  = 30% 

a nd  s i l t +c l ay = 47%.  At  St a nda r d  Pr oc t o r  t es t  e ne r gy,  
t he  s oi l  h a d  m. d . d .  = 18 k N/ c u . m. ,  o . m. c . =14%,  

c = 0 . 4 5  k g / s q . c m. ,  0  = 26° - 30'  a nd  CBR = 7. 8.
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Loc a l  Bh a d a r p u r  s a nd  wh i c h  wa s  us e d  i n f or mi ng  
t he  r e i nf oc i ng e l e me nt  h a d  18% c oa r s e ,  45% me d i u m 

a nd  37% f i ne s a nd  gr a i ns ,  uni f or mi t y coef f i c i ent  = 

2. 8 a nd  coef f i c i ent  of  c ur va t u r e  = 0. 84.  At  t he  p l a c e ­
me n t  de ns i t y of  17 k N/ c u . m. ,  i t  h a d  I p  = 60% a nd  

® = 42 de gr e e s .

Ot h e r  ma t e r i a l s  us e d i n f o r mi ng  t he  r e i nf or c i ng e l e me nt  
we r e  Pol ys t r on Ge o ma t  ( Po l y G Ma t ) ,  Ne t l o n  gr i d 

CE- 1 21  a nd  f i br e gl a s s  wo v e n  r ovi ngs  ( FGWR) .  Th e i r  

phys i c a l  a nd  me c h a n i c a l  pr ope r t i e s  a r e  pr e s e nt e d  

i n Ta b l e - 1 .

T able_l  : Pr ope r t i e s  of  Ge os yn t he t i c s

Ge ne r i c  Na me  CE- 1 2 1  Po l y GMa t  F GWR

Fo r m Ge ogr i d Wo v e n

Ge ot e xt .

Wo v e n  

Ge o t e x t .

Ma k e Net l on
I ndi a

Guj a r a t

Fi l a me nt
CEAT
Ty r e s

Ba s i c  Ma t e r i a l HD Po l y ­

e t hyl e ne

Po l y p r o ­

py l e ne

Gl a s s ( E)

Fi b r e s

Ma s s ( g m/ s q  . m) 730 250 360

Te ns i l e  St r e ngt h ( wi de s t r i p t es t )  :

ma x .  P( k N/ m) 9 28 t o 40 V. h i gh

%s t r a i n ( at  ma x . P) 17 t o 27 17 t o 21 3 t o 10

a v . mo d u l u s  ( pe r  
uni t  s t r a i n)

4620 kg 5000 kg V. h i g h

Fr i c t i on angl e
( wi t h Bh a d a r p u r  s a nd)

38° 36°  -  50' —

T e s t  P L b g r a i me

Fol l owi ng 3 s e r i e s  of  CBR t es t s  we r e  c onduc t e d  :

Se r i e s - A : wi t h  i nc r e a s i ng s t at i c l o a d ,

Se r i e s - B : c yc l i c  l oad,  i nc r e a s e d  i n e qua l  i nc r e ­
me n t s ,  wi t h  one  c yc l e  of  l oa di ng a nd  
unl oa di ng at  e a c h  i nc r e me nt ,

Se r i e s - C : c yc l i c  l oa d,  a pp l i e d  a nd  r e mo v e d  t hr i ce ,  
at  l oa d l e ve l s  c o r r e s pond i ng  t o 4, 8 a nd

12 mm pe ne t r a t i ons  o b s e r v e d  i n c o r r e ­
s pond i ng  s t at i c  CBR t es t s .

F ig .l  : Sequence of Loading and Unloading

Se qu e nc e  of  l oa di ng a n d  unl oa di ng,  a s  a  f unc t i on of  
t i me ,  us e d  i n t he  l as t  t wo  s e r i e s  i s  d e s c r i b e d  i n 
Fi g.  1.  Al mos t  s t e a d y  r a t e  of  l oa di ng a nd  unl oa di ng 

wa s  ma i nt a i ne d.

Th e s e  t h r e e  s e r i e s  of  t e s t s  we r e  c onduc t e d  on t he  
unr e i nf or c e d a n d  5 di f f e r ent  t y p e s  of  r e i nf or c i ng 

e l e me nt s  a s  p e r  t he  f ol l owi ng de t a i l  :

( 1)  Unr e i nf or c e d s oi l  s p e c i me n ,

( 2)  Sp e c i me n  r e i nf or c e d wi t h  a  l a ye r  of  Bh a d a r p u r  
s a nd  + a  l a ye r  of  CE- 1 2 1 ,

( 3)  a s  of  ( 2)  + a  l a ye r  of  Pol y G Ma t ,
( 4)  a s  of  ( 2)  + 2 l a ye r s  of  Po l y  G Ma t ,
( 5)  a s  of  ( 2)  + a  l a ye r  of  F GWR,
( 6)  as  of  ( 2)  + 2 l a ye r s  of  F GWR.

Th e s e  t es t s  we r e  de s i gna t e d a s  f ol l ows  : -

T1 t o T6  -  Se r i e s  A s t at i c  CBR t es t s .

Cl  t o C6  -  Se r i e s  B c yc l i c  t e s t s ,
D1 t o D6  -  Se r i e s  C c yc l i c  t es t s .

RESULTS OF SERIES-A 

Perform ance o f R ein forcing  Elem ents

Re s ul t s  of  t es t  T- l  c onduc t e d  on unr e i nf or c e d s oi l  
a nd  of  t e s t s  T- 2  t o T- 6  c onduc t e d  on t he  s oi l  r e i nf or c e d 

wi t h  5 di f f e r ent  ge os ynt he t i c  c ompos i t e  e l e me nt s  a r e  
p r e s e n t e d i n Ta b l e - 2 .

Table -2 : Pe r f o r ma nc e  unde r  s t at i c l oa di ng

Te s t

No.
El e me nt  De s c r i pt i on CBR

va l ue
%- i mp r o -

v e me nt

T- l Unr e i nf or c e d s oi l 7. 80 ( ba s i c  va l ue!
T- 2 +CE- 1 21  + s a nd 15. 60 100. 0%
T- 3 +CE- 12 1+o ne  PGM+s a n d 17. 03 118. 3%
T- 4 +CE- 1 2 1 +t wo  PGM+s a n d 22. 87 193. 2%
T- 5 +CE- 1 21 +o ne  F GWR+s a n d 23. 60 202. 6%

T- 6 +CE- 1 2 1 +t wo  F GWR+s a n d 31. 38 302. 3%

Th e  r e s ul t s  i ndi c a t e  i mp r o v e me n t  of  118% wi t h  c ompos i t e  
e l e me nt  h a v i n g  one  l a ye r  of  Po l y  G Ma t  a nd  of  193% 

wi t h  t wo  l a ye r s  of  Po l y  G Ma t .  F GWR i s  mu c h  s t i f f er  
geot ext i l e .  He nc e  t he  i mp r o v e me n t  r e c o r d e d  wi t h  

t he  c o mpos i t e  e l e me nt  ha v i ng  one  l a ye r  of  F GWR wa s  
202% a n d  wi t h  t wo  l a ye r s  of  F GWR,  i t  wa s  302%.

Contribution o f th e  Reinforcem ent

Loa d- pe ne t r a t i on  d i a g r a ms  we r e  pl ot t e d f or  t he  s i x 

t es t s  c on duc t e d  u n de r  t hi s  s e r i e s .  Di f f e r e nc e  of  d i a g r a m 
of  t he  r e i nf or c e d s pe c i me n  ( a ny of  T- 2  t o T- 6)  a nd  

of  t he  unr e i nf or c e d s p e c i me n  ( T- l )  i ndi c a t e s  c ont r i ­
but i on of  t he  r e i nf or c i ng e l e me nt .  A t ypi c a l  d i a g r a m 

( T4 -  Tl )  wh i c h  i ndi c a t e s  c ont r i but i on of  t he  r e i nf or ­
c i ng e l e me nt  of  t es t  T- 4  i s  s h o wn  i n Fi g . 2.  Si mi l a r  

d i a g r a ms  we r e  pl ot t e d f or  t he  ot he r  f our  c ompos i t e  
e l e me nt s .  Th e i r  s t ud y  ga ve  t he  f ol l owi ng gr a phi c a l  
me t h o d  of  e s t i ma t i ng t he  r e i nf or c i ng c ont r i but i on 
of  t he  s y s t e m :

1.  Dr a w a  t a ngent  t o t he  l oa d- pe ne t r a t i on d i a gr a m 

of  t he  r e i nf or c e d s oi l  at  a  pe ne t r a t i on e qua l  t o 7. 5% 
p l unge r  di a me t e r ,  vi z .  at  3. 75 mm.  I t  ma y  be  not e d 
t ha t  t hi s  pe ne t r a t i on va l ue  c or r e s p on ds  t o be gi ni ng 

of  yi e l d of  t he  r e i nf or c e d s oi l  b e d  ( Pa t e l ,  1981)  
a nd  t he  s l ope  of  c u r v e - T4  i n Fi g . 2 a l s o c ha nge s  

s i gni f i cant l y af t e r  t hi s  va l ue  of  pene t r a t i on.
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2.  Dr a w a  l i ne pa r a l l e l  t o t hi s  t angent ,  pa s s i ng 

t h r ou gh  t he  or i gi n.

3.  Fi nd  l oa d a n d  CBR va l ue  c o r r e s pond i ng  t o 2. 5 

mm pe ne t r a t i on b y  t hi s  n e w l i ne.  I t  gi ve s  t he  es t i ­
ma t i on of  r e i nf or c i ng ac t i on i n t e r ms  of  i nc r e a s e  

i n CBR va l ue .  Th i s  i s  a n a p p r o x i ma t e  me t h o d  a nd  
i t  wa s  f ound t o gi ve  r e s ul t s  wi t h  s a f e  s i de  e r r or  
upt o 20%.

RESULTS OF SERIES-B

A r e ve r s i b l e  but  c ont i nuous l y i nc r e a s i ng l oa d a pp l i e d  
i n r e gul a r  i nc r e me nt s  i n t hi s  s e r i e s  ma d e  i t  pos s i bl e  
t o s e pa r a t e  t he  r e c ov e r a b l e - Se  a n d  nonr e c ove r r a b l e -  

Sp  c o mp on e n t s  of  pe ne t r a t i on of  t he  pl unge r  at  di f f e r ent  
l oa d l e ve l s .  A s et  of  P  vs  Se  a nd  P vs  Sp  d i a gr a ms  

ob t a i ne d f r om obs e r va t i ons  of  c yc l i c  l oa d t es t  C4  
a n d  P  vs  S d i a gr a m of  c o r r e s po nd i n g  s t at i c l oa d 

t es t  T4  a r e  p r e s e n t e d  i n Fi g . 3.

C on stitu tive  R ela tion sh ip

Fi g . 3 s h o ws  t ha t  pl ot  of  P  vs  Se  i s  a l mos t  l i nea r  
a n d  t ha t  of  P  vs  Sp  i s  c ur vi l i ne a r .  So i f  t he  f o r me r  

pl ot  i s  r e p r e s e n t e d  b y  i t s  s l ope  Cu  a n d  l a t er  i s  
r e p r e s e n t e d  b y  s t a nda r d  hy p e r bo l i c  t r a ns f or ma t i on 
( Dunc a n a nd  Cha n g ,  1970) ,  t he n f or  a  gi ve n l oad 

P , s e t t l e me nt  of  t he  r e i nf or c e d s oi l  s y s t e m c a n be  
gi ve n b y ,

Wh e r e  c u;, a  a nd  b e  a r e  ma t e r i a l  pa r a me t e r s  wh o s e  

me a n i ng  a nd  va l ue s  f or  t es t  C4  a r e  s h o wn  i n Fi g . 3.  
Us i ng t he s e  va l ue s  i n e qua t i on- ( l ) ,  t he  pe r f o r ma n c e  
i s  p r e di c t e d a n d  pl ot t e d b y  dot t e d l i ne.  Th e  pr e d i c t e d 

pe r f o r ma nc e  i s  a l mos t  a c c ur a t e .

Va l ue s  of  pa r a me t e r s  cu  , a  a n d  b  obt a i ne d  f or  t he  
r e i nf or c i ng s y s t e ms  s t udi e d un de r  t hi s  s e r i e s  a r e  

gi ve n i n Ta b l e - 3.

T able-3  : Re s ul t s of  Ser i es - - B

Te s t Vu
k g / mm

aixlO^3)

mm/ k g

b u i i r 3 )

k g " 1

Ei p
k j 7 mm

Pp- u l t

kg

Cl 217 6. 9 4. 12 144. 9 243
C2 267 4. 7 1. 70 212. 8 588

C3 280 4. 5 1. 55 222. 2 645
C4 294 4. 1 1. 00 243. 9 1000

C5 856 3. 7 0. 93 270. 3 1075
C6 1077 3. 0 0. 83 333. 3 1205

Th e  i nve r s e  of  p a r a me t e r - a  wh i c h  i ndi c a t e s  i ni t i al  
pl as t i c  mo d u l u s  Ei p  a nd  i nve r s e  of  t he  p a r a me t e r -  
b wh i c h  i ndi c a t e s  ul t i ma t e  l oa d c or r e s pond i ng  t o 

pl as t i c  c o mpo n e n t  of  pe ne t r a t i ons  Pp- ul t  a r e  a l s o 
gi ve n i n Ta bl e - 3.  I f  c u c a n be  r e g a r d e d  a s  e l as t i c  

mod ul u s ,  c o mp a r i s on  of  i t s  va l ue s  wi t h  t he  c o r r e s ­
pond i ng  va l ue s  of  Ei p  i ndi c a t e  t ha t  r e i nf or c i ng t he  

s oi l s  wi t h  s t i f f er  va r i e t y of  c ompos i t e  e l e me nt s  
i mp r o v e  e l as t i c  mo d u l u s  mo r e  s i gni f i cant l y i n c o mp a r i ­

s on t o t ha t  of  Ei p.  Va l ue s  of  Pp- ul t  a r e  a l mos t  
pr opor t i ona l l y i nc r e a s i ng wi t h  t he  i nc r e a s e  i n CBR 
va l ue s  of  t he  r e i nf or c e d s ys t e ms .

Va r i a t i on i n va l ue s  of  t he  p a r a me t e r s  a,  b  a nd  c u 
wi t h  t he  c o r r e s pond i ng  CBR va l ue s  of  t he  s oi l  s p e c i me ns  
a r e  s h o wn  i n Fi g . 4.  Th e  i nf e r e nc e s  a r e  c l e a r l y e x p l a ­

i ne d i n t he  f i gur e .

Th u s  t he  cons t i t ut i ve  r e l a t i on of  Eq n  ( 1)  a l ongwi t h  

va l ue s  of  ma t e r i a l  pa r a me t e r s  obt a i ne d  b y  c onduc t i ng 
l a bor a t or y  t es t s  or  a s s u me d  va l ue s  c an be  us e d t o 
pr e di c t  p e r f o r ma nc e  of  a c t ua l  r e i nf or c e d s oi l  s ub gr a de s  

unde r  ve hi c u l a r  l oa ds .  Re c ov e r a b l e  a nd  nonr e c ove r a b l e  
c o mp on e n t s  of  s e t t l e me nt  of  ac t ua l  s u b g r a d e  c a n a l s o 

b e  e s t i ma t e d b y  t hi s  a p p r oa c h .

Addi t i on of  r e c o ve r a b l e  a nd  nonr e c ove r a b l e  c omp on e n t s  
of  s e t t l e me nt s  i n Eqn .  ( 1)  i s  f ound t o gi ve  a c c ur a t e
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Fi g . 4 s CBR Va l ue s  r e l a t e d t o a,  b  & cu

pr e di c t i ons  i n t he  r a nge  of  s e t t l e me nt s  e qua l  t o 1% 
t o 15% of  t he  p l unge r  di a me t e r .

R E S UL T S  OF  S E R I E S - C

Ba s e d  on t he  s t at i c CBR t es t s  T1  t o T6  c onduc t e d  
on t he  unr e i nf or c e d a nd  t he  ot he r  f i ve  r e i nf or c e d 

s oi l  s pe c i me ns ,  l oa d l e ve l s  c o r r e s pond i ng  t o 4 mm,  
8 mm a nd  12 mm pe ne t r a t i ons  we r e  de c i de d .  Th e n  
i n t he  s e r i e s - C,  f or  e a c h  of  t he  c o r r e s pond i ng  t es t s  
D1 t o D6,  a f t e r  g r a dua l l y l oa di ng t he  s pe c i me n  up t o 

t he  s t age  of  4 mm pe ne t r a t i on,  l oa di ng a n d  unl oa di ng 

wa s  r e pe a t e d  t hr i c e .  Si mi l a r l y,  ne x t  at  l oad l eve l  
of  8 mm a nd  f i nal l y at  l oa d l e ve l  of  12 mm pe n e ­

t r a t i ons ,  l oa di ng a n d  unl oa di ng wa s  r e p e a t e d  t hr i c e .

Wh e n  l oa d- pe ne t r a t i on d i a g r a ms  we r e  pl ot t e d,  at  e a c h  

of  t he  l oa d l e ve l s ,  r e pe t i t i on of  l oa di ng a nd  unl oa di ng 
ga ve  a hys t e r i s i s  l oop.  Co r r e s po n d i n g  t o a pa r t i c ul a r  

l oa d l eve l ,  a ve r a ge  a r e a  of  t he  3 hys t e r i s i s  l oops  
wa s  de s i gna t e d as  E a nd  t ot al  a r e a  unde r  l oa d
- pe ne t r a t i on d i a g r a m upt o t he  f i r s t  un l oa di ng me a s u r e d  

f r om t he  or i gi n wa s  de s i gna t e d  as  Eo.

Th e  r a t i o A. E/ Eo  i s  de s i gna t e d as  d a mp i n g  c a pa c i t y 
s i nce  i t  i ndi c a t e s  t he  vi br a t i on di s s i pa t i on c a pa c i t y 

of  t he  s u bg r a d e  un de r  r e pe t i t i ve  t r af f i c l oa ds .  Da mp i n g  
c a pa c i t y - Dc  f ound f or  t he  t es t s  a r e  p r e s e n t e d  i n 
Ta bl e - 4 .  Al s o  t he  Dc - va l ue s ,  a s  c o mp a r e d  wi t h t hos e  

at  P=243  kg  of  t es t  D- l  a nd  at  P=344  kg  of  t es t  
D- 2  a r e  i ndi c a t e d i n t he  s a me  t a bl e .  Dc - va l ue s  at  

l oad l e ve l s  of  243 a n d  344 kg  we r e  obt a i ne d b y  l i ne a r l y 
i nt e r pol a t i ng f r om t he  a dj a c e nt  va l ue s  o b s e r v e d  at  

t he  l oa d l e ve l s  of  t he  e x pe r i me n t s .

Co mp a r i s o n  ma d e  i n t he  l as t  t wo  c o l umns  of  t he  t a bl e  
i ndi c a t e d t ha t  t he  d a mp i n g  c a pa c i t y  of  t he  r e i nf or c e d 
s oi l  s u b g r a d e  i mp r o v e s  wi t h  t he  s t i f f nes s  of  t he  
ge os ynt he t i c  c ompos i t e  e l e me nt .

C ONC L US I ONS

1.  Th e  p r o p o s e d  ge os ynt he t i c  c o mpos i t e  e l e me nt s  
ca n i mp r o v e  me d i u m s t i f f  s oi l  s u bg r a d e s  b y  a bout  
118% t o 300% d e p e n d i n g  upon  t he  n u mb e r  of  l a ye r s  

a nd  s t r e ngt h mod u l us  of  t he  geot ext i l e .

2 .  Th e  c ons t i t ut i ve  r e l a t i on r e l a t i ng l oa d a n d  p e n e ­

t r a t i on va l ue s  i n t e r ms  of  ma t e r i a l  p a r a me t e r s

T able-4  î Damping C apacity  Values

Te s t Lo a d

Le ve l

Eo A.  E 
( a ve r ­

age )

Dc  %

( E/ Eb)
% i mp r o v e me n t  

i n Dc  
P=243  P=344

D- l 81 8 1. 2 14. 3 2. 1 —

162 46. 2 4. 7 10. 2
243 223 4. 7 2. 1

D- 2 172 9 1. 2 13. 3 9. 75 4. 7
344 37 1. 8 4. 7

516 176 4. 4 2. 5
D- 3 188 9. 4 1. 1 11. 7 9. 92 6. 64

376 43 2. 4 5. 6
5 % 201 3. 1 1. 54

D- 4 240 9. 1 0. 8 8. 8 8. 8 8. 33

485 34 2. 6 7. 7

725 198 3. 1 1. 57

D- 5 245 9. 8 0. 8 8. 2 8. 2 7. 1

490 39 2. 1 5. 4

735 188 2. 8 1. 5

D- 6 291 6. 2 0. 9 14. 5 16. 9 12. 9
584 38 2. 2 5. 8
847 177 3. 5 1. 98

Not e  ! Ar e a s of  Eo a nd  A  E me a s u r e d  f or  di f f e r ent
t es t s  a r e  wi t h  di f f e r ent  s c a l e s .

■CU , a  a n d  b  c an b e  us e d  f or  pr e di c t i ng pe r f o r ma nc e  
of  t he  ac t ua l  s u bg r a d e  r e i nf or c e d wi t h  t he  p r o p o s e d  

ge os ynt he t i c  c ompos i t e  e l e me nt .  Th e  ma t e r i a l  
pa r a me t e r s  c an be  d e t e r mi ne d  b y  c onduc t i ng cyc l i c  
CBR t es t  of  s e r i e s - B t yp e  i n t he  l a bor a t or y.

3.  Th e  d a mp i n g  c a pa c i t y  of  t he  s oi l  s u b gr a d e  ca n 

be  i mp r o v e d  r e ma r k a b l y  b y  r e i nf or c i ng i t  wi t h  
t he  p r o p o s e d  ge os ynt he t i c  c ompos i t e  e l e me nt s .
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