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Usage of geosynthetic materials in the geotechnical practice 

Utilisation des matériaux synthétiques en geotechnique

A.A.Bartolomey, V.G.Ofrikhter & A.B.Ponomaryov — Perm State Technical University, Perm, Russia

A B ST R A C T  : N o w ad ays t he con st r uct i on  si t es do n ot  m eet  t he com pact  c i v i l  en gin eer i n g requ i rem en t s un d er  t he act u al  eco logical  

an d  an t r opogen eous u rb an  con d i t ion s b ecau se o f  un st ab le (e.g. so f t , w et , t ech n ogen eou s)  so i l s t h ey are b u i l t  on. T h e standard en gi ­

n eer in g p r act i ce resu l t s in  con si d erab le m at er ial  expen d i t u r es b ein g un equ al  t o t h e econ om ic ef f ect  t o com e in  t h ese com p l i cat ed  con-

R ÉSU M E: D an s l es con d i t ion s de l a con st ruct i on  den se com pt e tenu d e form ée éco logiq u e et  le fact eu r  h u m ai n , dan s l es v i l l es, à 

p résen t , l es con st ru ct eu rs d o i ven t  u t i l i ser  les ch an t ier s d ép osé st r uct u r au x in st ab les ( fai b l e, en  ét at  de l a sat u r at ion  com p lée d 'eau , les 

or du re de con st ru ct ion , de v i e, t ech n iq ue et c ). L 'u t i l i sat io n  d es ap p roch es con n ues de con st ruct ion  dan s l es con d i t ion s d on n eés de 

p rob l èm e de gén ie géo l o gi q u es, am èn e en  gén éral  au x  d ép en ses con sid érab les f i n an cières in com m en su rab les avec l a ret om bée 

écon om iq u e at t en due

1 I N T RO D U CT I O N

W h en  u sin g the geosyn t h et i c m at er i als, t he en gin eers can  t r an s­

form  t he so i l s p rop er t i es acco r d in g to t h ei r  p u r pose. Bu t  the 

st ruct u res are n ot  used  at  a l ar ge scale in  t h e so i l  con d i t ion s o f  

Ru ssi a at  al l . T h at  i s w h y sp eci al  d ies o f  soi l  fou n d at i on s sh ou ld  

be developed . A t  p resen t  the r esear ch ers o f  t he Perm  St at e T ech ­

n i cal  U n iver si t y  st udy th e geosyn t h et i c m at er i als ef fect s in  the 

so i l  foun dat ion s in  the in d ust r ial , c i v i l  an d  t r an spor t  en gi n eer in g

2 SI L T Y  - C L A Y E Y  SO I L S FO U N D A T I O N S 
R EI N FO RC EM EN T

T h e so i l  r ein fo rcem en t  i s con si d ered  to be a p er sp ect i ve t r end in  

t he f ield  o f  fou n d at i on s erect i on  on  t h e so f t  so i l s. I t  im p r oves 

so i l  con so l id at i on  an d  excl u d es exp en si ve m at er i als, con st ruc ­

t i on s an d  t ech n i ques t o be used. T h u s, m at er ial  an d  l ab ou r  ex ­

p en d i t u res can  be saved  to a h igh er  ext en t .

T o  st udy t h e rein fo r cem en t  ef f ect  on  t he so i l  b ear i n g cap aci t y, 

t he m od el  and  fu l l - scal e t est s w ere car r i ed  on  the sat u rat ed , si l t y

- cl ayey  so i l s w h en  ch an gin g the w at er  con t en t  due t o the m od el  

t est s, t he op t im al  st r uct u res an d  f i el d  to u se the rein fo r ced  c l ayey  

so i l  w ere d ef i n ed  ( Bar t o l om ey  et  al . 1996) .

Bu t  the m od el  t est s cou ld  r ef l ect  on ly  t h e q u al i t at i ve p ict u r e o f  

t he phen om en on . So , to gam  t he quan t i t at i ve dat a, the fu l l - scal e 

t est s w er e ear n ed  on  c l ayey  so i l s (Bar t o l om ey  et  al . 1999) . D u r ­

i n g the t est s the st r ai n -d efo rm ed  st at e o f  t he rein fo r ced  fou n d a­

t i on  w as to be stud ied.

T h e fu l l - scal e t est s w er e car r i ed  on  t he t est - si t e b u i l t  on  the 

so i l s o f  t he w et  c l ay  h av in g so f t  p last i c con si st en cy. T h e rein ­

fo r ci n g m at er ial  w as p u l led  in t o t he so i l  fo r  0 .15  m . T h e gl ass 

clot h  w i t h  the b r eak i n g load  39 0  k N / m  an d  elon gat i on  at  r up tu re

0 .2%  w as a rein fo r cin g m at er ial  used . T h e rein fo r cem en t  p u l l i n g 

in to t he so i l  w as equal  t o the d iam et er  o f  a d i e, an d  t he t otal  d i ­

am et er  o f  the rein fo r cin g in t er l ayer  w as 1.8  m . T h e st r ain s and  

d efo rm at ion s w er e m easu red  in  t h e act i ve fou n dat ion  zon e w h er e 

the test s t ook  p lace. T h e st i f f  d i e w i t h  t h e d iam et er  0 ,6  m  w as 

used  in  the t ests. T h e st ruct u re o f  t h e d ie al l ow ed  to t ak e m eas­

u res o f  the con t act  st rain  on  t h e bed. T h e con t ro l  t est s on  the 

n on -r ei n fo rced  foun dat i on  w er e ear n ed  on  to com par e t he r e­

su l t s. I n  t h ese t est s t he l oad  w as r i sen  t o fai l  t he d ie st ab i l i t y , in

L o ad , m P a

F i g u r e  1 .  S e t t l e m e n t  d e p e n d e n c e  o n  t h e  l o a d  u n d e r  t h e  r e i n f o r c e d  a n d  

n o n - r e i n f o r c e d  f o u n d a t i o n  t e s t s  ( -  -  -  -  n o n - r e i n f o r c e d  s o i l , - - - - - - - - - - - - - r e i n ­

f o r c e d  s o i l )

t he case o f  r ein fo r ced  fou n dat ion  -  t h e rup tu re o f  r ein fo r cin g 

in t er layer . T h e resu l t s o f  t h e t est s on  t h e d ie ar e d ep ict ed  on  F i g ­

u re 1.
T h e resu l t s o f  t he t est s sh ow  t hat  foun dat ion  rein fo r cem en t  in ­

creases act u al l y  the b ear i n g cap aci t y  o f  t he foun dat ion  in  1.5 

t im es. T h e ef f ect  o f  t h e rein fo r ced  fou n d at i on  un der  the load  d i f ­

f er s gr eat ly f r om  t he n o n -r ei n fo rced  one. T h er e i s no real  loss o f  

r ein fo r ced  fou n dat ion  st ab i l i t y  in  t h e ran ge o f  the gi ven  load  on 

t h e d ie even  w h en  the rein fo r ced  in t er l ayer  h as been  ruptured. 

T h e t est  r esu l t s w er e u sed  i n  t h e erect ion  o f  st eel  t an ks fo r  co ­

agu lat ed  w at er  st o rage h av i n g t he vo lu m e o f  6 30  m 3 on e by one 

T h e d iam et er  o f  t h e t an k  w as 10 .5 m , h ei gh t  -  8 .5 m. T h e bear ­

i n g groun d  o f  t he fou n dat ion  w as the loam  o f  m u sh y con sist en cy 

ch ar act er i zed  by: t h e sp eci f i c  w eigh t  -  y=  1 .86 k N / m 3, h um id i t y

-  w = 0 .3, t he com p r ession  m od u l e o f  defor m at i on  E = 2 .37  m Pa, 

t h e sp eci f i c  bon d  c = 14 .0  k Pa, the an gl e o f  in n er  f r i ct ion  t p =12°. 

T h e d esign ed  resist an ce o f  t he soi l  w as 83 k Pa.

T h e t w o t an k s w er e put  on  the bed s rein fo r ced  b y a syn t h et i c 

n ets w i t h  t he st ren gth  l im i t  on  rup tu re 390k N / m . T h e m easu res 

o f  t he d isp lacem en t s fo r  t he m ar k s at t ach ed  to the w al l s o f  the 

t an k s w ere t ak en  du r in g h yd ro- t est s. T h e m easu r es t ak en  resu l t ed  

in  the fo l l ow i n g val u es o f  t he ver t i cal  m ar k s d isp lacem en t s: 

m ax i m al  set t lem en t  — 19  5 m m , m ax i m al  d i f fer en ce o f  t he set ­

t l em en t s in  t h e t w o  ad jacen t  m ar k s on t h e d ist an ce o f  6.0 m  be­

t w een  each  ot her  -  4 ,0  m m , t h e m ax i m al  d i f fer en ce in  the set ­

t l em en t s o f  t he t w o d iam et r i cal l y  op p osi t e m ar k s -  6 .5 m m , the 

m axi m al  t i l t  o f  the foun dat i on  -  0 .0 0062. T h e valu es ob t ain ed
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F i g u r e  2 .  D e f i n i t i o n  o f  t h e  n o r m a l  p r e s s u r e  i n  t h e  s o i l  f o u n d a t i o n :  

M i . .  M j  -  t h e  l o a d - c e l l  s t r a i n  g a u g e s  o f  t h e  t o t a l  p r e s s u r e

ar e m uch  l o w er  than  the t o leran ce l im i t ed  on es acco r d in g to the 

n o rm at ive docum en t s an d  that  fact  in d icat es t he h igh  st i f fn ess o f  

t h e foun dat ion  m ade o f  r ein fo r ced  so i l s an d  i t  p r oves t he ef f ec ­

t i ven ess o f  t h ese st r uct u res w h en  t h ey are u sed  in  c i v i l  en gi ­

neer in g.

3 SY N T E T 1C  M A T E R I A L S U SE D  I N  T H E C I V I L  A N D  

I N D U ST R I A L  W A ST E S ST O R A G E S C O N ST RU C T I O N

A t  p resen t , st an dard  en gin eer in g p ract i ce o f  c i v i l  an d  in dust r ial  

w ast es st o rages d oes n ot  sat i sfy  t he requ i red  l evel  o f  the en v i ­

r on m en t al  p rot ect ion .

T o  ad d  up , t h ey are rat h er  exp en si ve. T h e m ost  bu r n in g p rob l em  

is to b u i ld  the t ox ic w ast es st o rages. A s a m at t er  o f  fact , the st or ­

ages u sed  to be bu i l t  on  t he u n l i t  t er r i t or i es w h er e t h e so i l  con d i ­

t i on s are ch ar act er i zed  b y t h e l o w  b ear i n g cap aci t y. So  the local  

so i l  h as to be ch an ged  b y  t h e im por t ed  on e on  the con st ruct i on  

si t es o f  the st o rages. T h e im por t ed  so i l  i s r ep resen t ed  b y san d  

cru sh ed  rock  w h i l e the sl u r r y  w al l  i s m ad e o f  cem en t  or  con ­

crete.

Geosyn t et i c m at er i als (geom em b r an e an d  geo t ext i l e)  in cr ease 

r el iab i l i t y  an d  d ecr ease en gin eer i n g exp en d i t u res. T h ey can  be 

used  t oget h er  w i t h  im por t ed  m at er ials to b e in  l ow er  qu an t i t i es in  

sever al  fo ld s. T h e g i ven  en gin eer i n g p r act i ce w as u sed  in  the 

erect ion  o f  o i l  f i eld  w ast es p o l l u t ed  b y r ad io act i ve m at er i als, in  

the O sin sk i  d ist r i ct  o f  t he Perm  regi on .

T ak i n g in t o con sid erat i on  the d egr ee o f  t h e erect ion  r esp on sib i l ­

i t y  an d  com p lex i t y  o f  geo l o gi cal  con d i t ion s in  t h e con st ruct i on  

si t e, t h e st o rage erect ion  an d  p ro lon ged  fu l l - scal e t est  w er e 

star t ed at  t h e sam e t im e. T h e aim  o f  the f u l l - scal e t est  w as to 

ob t ain  t he val u es o f  t h e act u al  st r ain s an d  d efo r m at ion s b ein g d i ­

r ect l y  un d er  a geom em b r an e in  t h e foun dat i on  an d  in  t he slo p es 

o f  t he st o rage b ow l  on  th e d i f fer en t  st ages o f  l oad in g. T h e l oad ­

cel l  st r ain  gau ges w er e at t ach ed  in t o t h e so i l  foun dat ion  acco rd ­

i n g to t he d ef in i t e d iagr am  o f  t h e t ot al  p ressu re. T h e dat a f r om  

th e st r ain s gau ges w er e t ak en  bot h  b efo r e t h e st ar t in g poi n t  o f  t he 

st o rage l oad in g ( af t er  t h e at t ach m en t  o f  geom em b r an e in t o the 

st o rage fo w l )  an d  on  t he d i f fer en t  st ages o f  w ast es load in g. 

M easu red  resu l t s are sh ow n  on  Fi gu r e 2. T h e t est i n g resu l t ed  in  

data d ep ict i n g st r ai n -d efo rm ed  st at e o f  foun dat i on  an d  st rain  re­
d i st r ibu t ion  in  t h e geom em br an e.
T h i s g i ves the p ossib i l i t y  t o p r ed i ct  "w ast es st o rage -  so i l  fou n ­

dat ion " syst em  w ork .

4 F I L L E D - U P  C L A Y E Y  SO I L S C O N SO L I D A T I O N  

A C C E L E R A T I O N  D U E T O  T H E D R A I N A G E  I N T E R L A Y E R  

FR O M  SY N T H ET I C  M A T E R I A L S

W h en  t h ere are n o con st ruct i on  si t es, i t  st an ds to reason  to use 

t h e sat u rat ed  so i l s to erect  t h e road -bed . T h e sat u rat ed  so i l s are 

w id e-sp r ead  in  Ru ssi a an d  in  som e regi on  in  t he N or t h  an d  Si b e­

r i a al l  l ocal  so i l s are act u al l y  w et . T h e st an dard  en gi n eer in g 

p ract i ce on  t he soi l  ar t i f i c i al  m o ist u re-p ro o f in g (e.g. t r eat m en t  by 

l im e an d  cem en t )  i s ap p l ied  on l y  in  t he cases w h en  the l ayer s are 

com p ar at i vely  w eak  ( 20 -40  cm ) . I t  i s un r el iab le fo r  st ron g layer s 

f r om  th e econ om ical  an d  t ech n o logical  poi n t s o f  v i ew . A n d  c i v i l  

en gin eers h ave to u se o r igin al  sat u rat ed  so i l s.

N o w ad ays, fam ou s t ech n ologi cal  p ract i ce can  p red i ct  the ear th  

em b an k m en t s cau sed  b y  sat u rat ed  so i l s. A n d  sp ecial  m easu res 

such  as t h e so i l  d rain age an d  r ein fo r cin g in t er l ayer s can  be t ak en  

to so l ve t he t ech n ologi cal  p rob lem s ( V SN  49 -86  19 8 8 )  t he soi l  

d rain age i s t he ef f ect i ve w ay  to in cr ease th e road -bed  con so l id a­

t i on . I t  occu r s in  t he ar ran gem en t  o f  d rain age l ayer s in  the body 

o f  t he road -bed  to accelerat e t he sat u rat ed  so i l s con sol id at i on .

T h e algor i t h m  to cal cu lat e the d rain age l ayer s fo r  t he con so l i ­

d at ion  accelerat i on  in  t h is case m ust  con clu d e the fo l l ow i n g 

st eps ( G i r ou d  19 8 3) :

1. T o  d ef in e t he sp eed  o f  so i l  m o ist u re-p ro o f in g du r in g the con ­

so l id at i on  p r ocess;

2. T o  d ef in e the w at er  vo lu m e d r i f t ed  al on g the geo t ext i l e;

3. T o  p ro ve the p ar am et ers and  t o ch oose t he geo t ext i l e elem en t .

D u e to geosyn t h et i c m at er i als u sed , d rain age m at er ial  vo lu m e

can  b e d ecr eased , the d rain age ef f ect i ven ess can  b e in cr eased  by 

d ecr eased  rate o f  cl o gg i n g, t he d rain age m at er i al  an d  so i l  can not  

be m ixed , the w at er  d r i f t  can  b e accelerat ed , an d  t he ear th  erec ­

t i on  st i f f n ess can  b e in creased .

A t  p resen t , in  Ru ssi a geo t ext i l e m at er ials are p r od u ced  fo r  the 

d rain age con st ruct i on s com p osin g t he regen erat ed  syn t h et i c f i ­

ber s f r om  the o l d  d om est i c ar t i cles. T h ey  h ave t he su r face den ­

si t y  350 - 4 0 0  g/ m 2 an d  t he w id t h  i s abou t  3 m m  an d  t h ey are es­

p eci al l y  w at er p r o o f  in  the b ed -p lan e, bu t  t h ey over com e the sand 

in t er l ayer  w i t h  t h i ck n ess o f  60 cm  in  the d rain age ef fect .

N o w  in  the Ru ssi an  Fed er at ion  the geo t ext i l e m at er i als are not  

m uch  used  p r i m ar i l y  b ecau se t h ere i s n o n o rm at ive b ase o f  the 

geo t ext i l e u sage an d  secon d ar i l y , t he ran ge o f  t h e m ain  ob st acle 

d isregard in g t h ei r  w id e-sp r ead  u se in  var i ou s b ran ch es o f  c i v i l  

en gin eer in g. A l l  t h ese fact s ad van ced  the resear ch  w ork  o f  the 

scien t i st s w o r k i n g at  the D epar t m en t  o f  fou n d at i on , basem en t s 

an d  m at er i als at  t h e Perm  St at e T ech n i cal  U n iver si t y . T h ey focu s 

t h ei r  at t en t ion  on  the ear t h  erect ion  ef f ect s w h en  u sin g syn t h et i c 

m at er i als un d er  the geo l o gi cal  con d i t ion s in  t he W est ern  U rals. 

T h ey ar e esp eci al l y  in t er est ed  in  t he geo t ex t i l e elem en t s ef fect s 

on  t he ear th  erect ion s con so l id at i on  w h en  c l ayey  so i l s are fu l l y  

sat urat ed . Geo t ex t i l e elem en t  i s st u d ied  as a rein fo r ced  el em en t  

an d  a f i l t er  capaci t or . Geo t ex t i l e m at er ial s are p r oved  to b e used  

in  t r an spor t  en gi n eer i n g as w el l .

5 ST A B I L I T Y  PRED I C T I O N  O F T H E SL O PI N G  RO A D  

E M B A N K M E N T S B E I N G  R E I N FO R C E D  B Y  

G EO SY N T H ET I C  M A T E R I A L S

T h e n u m er ical  an al ysi s ad van ced  b y t he f i n i t e elem en t s m et hod 

w as car r i ed  out  to f in d  ou t  t h e r eason s o f  the ear t h  em ban k m en t  

st ab i l i t y. T h e st r ess-st rai n  st at e o f  t h e h igh  ear t h  em ban k m en t  

( m ax i m al  h ei gh t  15.4  m )  w as ch eck ed  j u st  on  the spot  o f  the 

h i gh w ay  b u i l t  i n  19 98 . I t  w as com p let ely  r u in ed  in  sp r in g 19 99  

( t h ere w er e cr ack s in  the asp h al t -con cret e p avem en t  and  the 

ear th  em ban k m en t  st ab i l i t y  w as at  a zero p oi n t  ( A l ek seev  et  al . 

1999) .
T o  r i se t h e t otal  st ab i l i t y  o f  t he ear th  em ban k m en t s, m an y 

t ech n ol ogi cal  m et h ods can  b e used . B u t  af t er  t h e t ech n i cal  and  

eco n om ical  com p ar ison  o f  t h e var i an t s i t  w as agreed  t hat  the 

m ost  ef f ect i ve t ech n o logical  p ract i ce b ecam e t h e u sage o f  the 

geosyn t h et i c r ein fo r cin g in t er l ayer s in  t he body o f  t h e ear th  em -
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F i g u r e  3 .  E m b a n k m e n t  s t a b i l i t y  c a l c u l a t i o n  r e s u l t s

- - - - - - - - - - - - - - - - - - - - - - - -  o n  t h e  b a s i s  o f  t h e  w o r s t  s o i l  c h a r a c t e r i s t i c s  -  p i t  N o  1

( K y = 0 . 7 4 9 )

o n  t h e  b a s i s  o f  t h e  b e s t  s o i l  c h a r a c t e r i s t i c s  -  p i t  N o  2

______________  i n  t h e  c a s e  o f  t h e  r e i n f o r c e d  e m b a n k m e n t  -  p i t  N o  3

( K y =  1 . 4 3 3 )

A l e k s e e v ,  V . I . ,  K l e v e k o ,  V . I . ,  P o n o m a r y o v ,  A . B .  1 9 9 9 .  C a u s e s  f o r  h i g h  

r o a d ’ s  e m b a n k m e n t  f a i l u r e .  F o u n d a t io n s  u n d e r  U ra ls  g e o lo g ic a l  

c o n d itio n s . 1 9 9 9 :  4 3 - 4 7  P e r m :  P S T U .

B a r t o l o m e y ,  A .  A . ,  K l e v e k o ,  V . I . ,  O f r i k h t e r ,  V . G . ,  P o n o m a r y o v ,  A  B  

1 9 9 6 .  U s e  o f  g e o s y n t h e t i c  m a t e r i a l s  f o r  i n c r e a s e  b e a r i n g  c a p a c i t y  o f  
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bank m en t s. Th e f i n i t e elem en t s m et h od  en ab les the em b an k ­

m en t s an d  fou n d at i on s so i l s t o acqu i re var i ou s qual i t i es. W e can  

al so  st udy t he com pon en t s o f  t h e st r ain ed  stat e w h en  t h ere i s an  

op t im al  d ist r ibu t ion  o f  so i l  qual i t i es alo n g the em ban k m en t  

cross-sect i on . N on -u n i fo r m i t y  an d  an iso t ro p y p resen t  a sp ecial  

t est in g too.

T h e in i t i al  calcu lat ion  data are t h e geom et r i cal  param et ers, d e­

scr i b in g d im en si on s an d  con t ou r  o f  t he road  em ban k m en t  (h ei gh t  

an d  w id t h  o f  t h e em ban k m en t , slop e l ay i n g) ; p h ysico -  

m ech an ical  ch ar act er i st i cs o f  t h e foun dat ion  soi l  an d  em b an k ­

m en t  ( t h e m od u l us o f  el ast i c i t y , Po isson 's rat io, soi l  st ab i l i t y , co ­

h esi on  coeff i c ien t ) , t he rein fo r ced  sch em e ( the am oun t  o f  r ein ­

for ced  l ayer s, the d ist an ce b et w een  t h em , rein fo r cem en t  st rength  

param et ers) , the calcu lat ion  in  t he un i t s d r i f t s an d  st r ain  in  each  

f in i t e el em en t  o f  the cal cu lat ed  f ield .

O n  the b asis o f  t he cal cu lat io n s con du ct ed  st r ess-st rai n  stat e 

w as an alyzed . T h e f o l l o w i n g fact o r  w er e al so  t ak en  in t o con si d ­

erat ion  such  as the fact o rs ef fect i n g the h igh  em ban k m en t s st a­

b i l i t y , t he steep  o f  a sl op e, t h e sl op e con f igu rat i on , the ef f ect  o f  

l oad in g ben ch es, t he so i l  p rop er t i es, t h e em ban k m en t  en gin eer ­

i n g p r act i ce, t he am oun t  o f  r ein fo r cin g l ayer s an d , f i n al l y , r ein ­

for cem en t  st ren gth  ch aract er i st i cs. T h e em ban k m en t  body m ust  

be r ein fo r ced  by a step o f  0 .5 m  alon g t he h ei gh t  o f  7 b y syn ­

t het i c n et s w i t h  calcu lat ed  resist an ce on  rup tu re 10 0  k N / m  ( F i g ­

u re 3) .

6 C O N C L U SI O N S

T h e u sage o f  syn t h et i c r ein fo r cin g m at er i al s i s an  ef f ect i ve w ay 

to ob t ain  the h igh  em b an k m en t s t otal  st ab i l i t y .
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