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ACTIVE PRESSURE DISTRIBUTION IN COHESIVE SOILS 

DISTRIBUTION DES PRESSIONS ACTIVES DANS LES SOLS COHESIFS

Daniel Pradel

Lockwood-Singh and Associates 

Los Angeles, California, USA

S YN O P S IS :  F o r  c ohe s ive  s oils  Ra n kin e 's  e a r th  pr e s s ur e  the or y  o fte n p re dic t s  de e p t e ns ile  c r acks . In  p r ac tic e  de s igne rs  r a r e ly r e ly o n  de e p t e ns ile  c r ac ks , ins te ad 

the y  r e p la c e  the  the or e t ic a l pre s s ure  d is t r ib u t io n  w it h  pr e s s ur e  d ia gr a m s  o b ta in e d  fr o m  e xpe r ie nce  an d/ or  fr o m  e m p ir ic a l m o dific a t io ns  o f  Ra n k in e 's  the ory . In  

this  p a p e r  the  e ffe c ts  o f  lo n g  t e r m  lo a d in g , s a tu r a t io n  a n d  s he ar  s tr e ngth a t  lo w  c o n fin in g  s tresses  a r e  pre s e nte d. It  w a s  fo un d  tha t  the  c la s s ic a l Ra n k in e  s o il 

pr e s s ure  d is t r ib u t io n  c a n  s ig n ific a n t ly  un de re s t im a te  the  a c t ive  pre s s ure s  o n  r e ta in in g  w a lls  a n d  tha t  m or e  cons e r va tive  me thods  s hould be  u s e d fo r  c ohe s ive  s oils . 

T his  p a p e r  s ugge s ts  th a t  the  cu rv a tur e  o f  th e  fa ilu r e  e nve lope  has  a  s ig n ific a n t  e ffe c t  o n e a r th pre s s ure s . T his  e ffe c t  c a n  be  a pp r o x ima te d  us in g  a  ne w  b iline a r  

pr e s s ure  d is t r ib u t io n  o r  s ome  c o m m o n ly  us e d  e m p ir ic a l dia g r a ms .
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IN T RODU CT ION

In  d e s ig n in g  r e ta ining  w a lls , the  ana lys is  o f  s o il pre s s ure s  ha s  b e e n o f  

p a r a m o u n t  inte re s t . In  re ce nt  ye ars  the  r e fine me nt  o f  the  F in it e  E le m e n t  

Me th o d  toge the r  w ith  s ophis t ic a te d  c o ns titut ive  mod e ls  has  r e s ulte d in  r e a lis t ic  

d e te r m in a tio n  o f  e a r th pre s s ure s . T he s e  n um e r ic a l me tho ds  c a n  t ak e  in to  

a c c o un t  c o n s t r uc t io n  h is to r y , s oil- s tr uc ture  d is plac e m e nts , e ffe c ts  o f  v a r ia b le  

s t r uc tu r a l r ig id ity , e ffe cts  o f  v a r ia b le  b a c k fill s o il p ro pe r t ie s , e tc ... 

N one the le s s , d e s ign  s olut ions  fo r  p r e d ic ting  e ar th pre s s ure s  h a v e  b e e n bas e d , 

m o s t ly  o n  c o nv e nt ion a l the or ie s .

T he re  a r e  t w o  c la s s ic a l the or ie s  to  c om p ute  e a r th pre s s ure s  o h  r e ta in in g  w a lls . 

T he s e  a r e  the  C o u lo m b  a n d  Ra n k in e  the or ie s . Co u lo m b 's  e a r th pr e s s ur e  the or y  

is  c o m m o n ly  us e d fo r  cohe s ionle s s  s oils  a n d  ge ne ra lly  give s  q uit e  s a t is fa c to r y  

re s ults . F o r  c ohe s ive  s oils  the  Ra n k in e  m e tho d is  ty p ic a lly  us e d. Ra nk in e 's  

the or y  r e quire s  a  t e ns ile  c r ac k d e ve lo ping  to  a  de pth  z = zc a n d  a  line a r  

pr e s s ur e  d is t r ib u t io n  a t  z> Zc. Ac c o r d in g  to  Ra nk ine 's  the or y  v a lue s  o f  zc in  

the  o r de r  o f  150  to  3 0 0  c m  are  n o t  un c o m m o n  fo r  c ohe s ive  s o ils . T e ns ile  

c r ac ks  to  s uc h  de pths  a r e  r a r e ly s table . F ur the r mor e , it  is  q ue s tio n a b le  th a t  the  

a bs e nc e  o f  lon g  t e r m  s o il pre s s ure s  m a y  e x te nd to  de pths  b e lo w  one  me te r . 

T he r e for e , fo r  c a lc u la t in g  pur pos e s  ge o  t e ch nic a l e ngine e rs  t y p ic a lly  s ub s t itute  

th e  the or e t ic a l pre s s ure  d is t r ib ut io ns  w ith  pre s s ure  d ia g r a m s  o b ta in e d  fr o m  

e x pe r ie nce  a n d /o r  fr o m  e m pir ic a l m od ific a t io n s  to  Ra nk ine 's  the ory . T he s e  

d ia g r a m s  o ft e n  la c k  the  the ore t ica l o r  e x pe r ime nta l b a c k g r o un d , a n d  us u a lly  

inc o r po r a te  a  ce r t a in de gre e  o f  cons e r va t is m, in  or de r  to  ne g le c t  o r  m a s k  s ome  

as pe c t s  o f  the  p r o b le m  in  the  inte re s t o f  s im p lic ity .

E ART H  P RESSURE T H EORIES

N um e r o u s  me thods  fo r  c o m p u t in g  e a r th pre s s ure s  o n  r e ta in in g  w a lls  h a v e  

be e n p ropos e d . T he s e  me thods  c a n  be  g r oup e d  in to  thre e  ge ne r a l clas s e s :

1) Ge n e ra l r e la t ions h ip s  c a n be  us e d to  cha rac te r ize  the  s tre s s - s train b e ha v io r  

o f  a  s o il (La d e  a n d  Du n c a n , 19 73 ; P r a de l a n d  Is h ih a r a , 1 9 88 ;...). U s in g  

n u m e r ic a l t e chnique s  s uc h as  the  F in it e  E le m e n t  Me t h o d  the  va lue s  o f  

s tre s se s  a n d  d e for ma tions  c a n  be  fo u n d  th r o u g h o u t  the  s o il m a s s  (D u n c a n  

a n d  Clo ug h , 1990 ; Mo r g e n s te m  a n d  Eis e ns te in, 19 7 0 ). T h is  m e tho d 

r e quire s  e x te ns ive  t e s t ing  to  o b ta in  the  cons tants  o f  the  c ons t itu t ive  m o d e l, 

acce s s  to  a  s ophis t ic a te d  c o m p ute r  p r o g r a m  a n d  is  s e ld om  us e d in  pr ac tice .

2 ) Me th o d s  b a s e d  o n  the  T he or y  o f  P la s t ic ity  de te r mine  s tre s se s  a s s um in g  th a t  

p la s t ic  fa ilu r e  is  fu lf ille d  e ithe r  in  the  w ho le  m as s  o r  a lo n g  s pe c ific  line s  o r

s ur face s . T he y  c a n  be  d ivide d in to  S lip  Lin e  (Br in c h  Ha n s e n , 19 53 ; 

So ko lo v s k i, 1960), Lo w e r  Bo un d  (Ra n k in e , 1857 ; Ar a i a n d  Jin k i,  19 90 ) 

a n d  U p p e r  B o un d  Me tho ds  (Ja me s  a n d  Br a nd s b y , 1971 ; Ch e n, 1975).

3 ) Me t h o d s  b as e d  o n  Ex t r e m um  Co n d it io n s  s e le c t a  s lip  s ur fac e  a n d  the n 

de te r mine  the  force s  a c t ing  o n  the  b ound a r ie s  o f  the  e ar th m a s s . T he  

de fin ite  s lip  s ur fac e  is  the  one  th a t  g ive s  the  m a x im u m  o r  m in im u m  e ar th 

pr e s s ur e  (C o u lo m b , 1773 ; Ja n b u , 1957; B a n g  1985).

In  r e ce nt  ye ars  nume r o us  the ore t ica l a n d  e x pe r ime nta l inve s t ig a t io ns  h a v e  

c on fir m e d  the  v a lid it y  o f  Co ulo m b 's  e a r th pre s s ure  the or y  fo r  cohe s ionle s s  

s oils . T he  coe r fic ie nt s  o f  la t e r a l pre s s ure s  fr o m  v a r io us  the or ie s  we re  

c o m pa r e d  b y  Mo r g e n s te m  an d  Eis e ns te in (1 9 7 0 ) u s in g  d iffe r e n t  angle s  o f  w a ll 

fr ic t io n . T he  va r ia t io n s  in  the  c oe ffic ie nt  o f  ac t ive  pr e s s ur e  u s in g  the s e  

the or ie s  w a s  ge ne ra lly  le ss  th a n  1 0 %. A  re ce nt s tudy  b y  Ar a i a n d  J in k i (1 9 9 0 ) 

u s in g  F in it e  Ele me nts  c o nc lud e d  th a t  Co ulo m b 's  m e tho d  pr o duc e s  ac t ive  

thr us ts  c los e  to  the  lowe r - bound a p p r o a c h  o f  the  the or y  o f  p la s t ic ity  r e gardle s s  

o f  w a ll fr ic t io n , w a ll in c lin a t io n , a n d  b a c k fill s iope . It  h as  a ls o  be e n ve r ifie d  

e x p e r ime nta lly  t h a t  fo r  c ohe s ionle s s  s oils , Co u lo m b 's  e a r th pre s s ure s  p r o vide s  

a n  ade qua te  as s e s s me nt o f  the  d is t r ib u t ion , a s  w e ll a s  the  m ag n itud e , o f  the  

s tre s se s  m o b ilize d  b e h ind  a  w a ll (S h e r if a n d  F a n g , 1984). He n c e , it  is  no t  

s ur p r is in g  th a t  th is  the ory  is  c o m m o n ly  us e d b y  e ngine e rs  fo r  cohe s ionle s s  

s o ils . On e  o f  the  s hor tcomings  o f  Co u lo m b 's  the ory , is  th a t  it  doe s  n o t  c ons ide r  

c oh e s ion  o f  the  b a c k fill m a te r ia l. He n ce , Co ulo m b 's  e a r th pr e s s ur e  the or y  is  

c o m m o n ly  us e d  fo r  cohe s ionle s s  s oils  s uc h as  s ands . T he  Ra nk ine 's  m e th od  

t ake s  in to  a c c o un t  the  cohe s ion o f  the  b a c k fill m a te r ia l. T he re fore , w he n 

c ohe s ive  s o ils  are  e ncounte r e d, e ngine e rs  pr e fe r  to  us e  Ra n k in e 's  m e tho d, e ve n 

th o ug h  Ra nk in e 's  me tho d c a n  be  a p p lie d  o n ly  to  a  ve r t ic a l s mo oth  w a ll.

RAN KIN E 'S  ACT IVE E ART H P RESSURE T H EORY

Ra n k in e  (1 8 5 7 ) s tudie d  the  s tres s  cond it ions  co r r e s pon ding  to  the  p la s t ic  

e q u ilib r iu m  o f  a  s e mi- infinite  mas s  w ith  a  p la ne  s ur face . F o r  s im p lic ity , 

Ra n k in e  a s s um e d a  fr ic t ionle s s  w a ll, a n d  fo un d  th a t  the  lim it in g  s ta te  o f  s tre s s  

is  r e ache d w h e n the  M o h r  c ir c le  touche s  the  fa ilu r e  e nve lope . T h e  ac t ive  

pr e s s ur e  c on d it ion  occ ur s  w h e n the  r e t a ining  w a ll is  a llo w e d  to  m o ve  b y  a n  

a m o u n t  s uffic ie n t  to  de ve lop a  s ta te  o f  lim it  e q u ilib r ium  in  the  s oil. T he n , the  

la t e r a l s tre s s  CJ/, c a n be  fo un d  ge om e tr ic a lly  fr o m  the  ve r t ica l s tre s s  a v =  yz , 

w h e r e  y  is  the  s oil's  u n it  we ight . I f  the  fa ilu r e  e nve lope  is  a  s im p le  s t r a ig ht  line  

de fine d b y  the  cohe s ion c  a n d  the  fr ic tio n  ang le  ij>, the n:
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a h = K ay (z - z c)  (1 )

t f fl =  t a n 2 ( 4 5 ° - £ )  (2 )

(E ffe c t s  o f  s ur c ha r ge  a n d  g ro un dw a te r  pre s s ure s  are  n o t  inc lud e d )

T he  pre s s ur e  a n a lys is  ab ov e  de fine s  a  s ta te  o f  p la s t ic  e q u ilib r iu m  th a t  ne gle c ts  

th e  e ffe c t  o f  fr ic t io n  be twe e n the  w a ll a n d  the  s o il ma s s . F o r  a c t iv e  e a r th 

pre s s ur e s , p a r t ic u la r ly  in  s truc tur e s  le s s  th a n  7 6 0  c m , the  e r ror  is  s m a ll a n d  

c a n  be  ne gle c te d (So w e rs , 1964).

A P P L IC A T IO N  O F  R A N K IN E ' S  T H E O R Y

In  homog e ne ous  b a c k fills  Ra nk ine 's  the or y  w ill h ave  a  pr e s s ur e  d is t r ib u t io n  as  

s h o w n  in  F ig . la ,  w ith  a  t e ns ile  c r ac k d e ve lo ping  to  a  de pth  z c . F o r  c ohe s ive  

s o ils , s tr e ngth pa ra me te r s  o ft e n r e s ult  in  de e p t e ns ile  c r ac ks . De e p  t e ns ile  

c r ac ks  a r e  r a r e ly s table . Fur the r mor e , it  is  q ue s t io n ab le  th a t  the  abs e nce  o f  

lo n g  t e r m  s o il pre s s ure s  m a y  e x te nd to  de pths  b e lo w  a  me te r . T he r e for e , in  

p r a c t ic e  the  t e ns ion  zone  is  no t  re lie d o n  to  r e duce  la t e r a l e a r th pre s s ur e s . F o r  

de s ign  pur p os e s , Ra n kin e 's  pre s s ure s  a r e  o ft e n r e plac e d b y  e m p ir ic a l pr e s s ur e  

d is t r ibu t io ns . Co m m o n ly  e nc ounte r e d pr ac t ice s  inc lude :

1) Me t h o d  A: F o r  c a lc u la t io n  pur pos e s  the  c ohe s ive  s o il b a c k fill is  r e p lac e d  

b y  a n  a s s um e d g r a n u la r  s oil w ith  the  a c t ive  pr e s s ur e  d ia g r a m  s h ow n in 

F ig . lb  (Bo w le s , 1982; Da s , 1990).

2 ) Me th o d  B: It  is  a s s um e d th a t  a  t e ns ion  c r a c k w ill fo r m  to  the  d e p th  z c a n d  

th a t  it  w ill fill w ith  w a te r  w h ic h  the n e xe rts  a  p os it ive  pr e s s ur e  o n  the  w a ll 

a s  s h o w n  in  F ig . lc  (Bo w le s , 1982 ; C lo ug h  a n d  Du n c a n , 1990).

3 ) Me th o d  C: F o r  w a lls  w ith  c la ye y  s oils  in  the  b a c k fill, d e s ign  pre s s ur e s  are  

b a s e d  o n  e x pe r ie nce  r a the r  th a n  the or y  (C lo ug h  a n d  Du n c a n , 1 9 9 0 ). In  

d e s ign, T e r za gh i a n d  P e ck (1 9 6 7 ) e a r th pre s s ure s  cha r ts  a r e  o ft e n  us e d.

4 )  Me th o d  D: Ca lc u la t io n s  are  p e r fo r me d w ith  a  d iffe r e n t  s e t o f  s tr e ng th 

pa r a me te r s . Ofte n, the  cohe s ion is  ne gle c te d o r  la r ge ly  r e duce d (Bje r r u m  

a n d  Kir k e d a m , 1958).

5 ) Me t h o d  E  : S o m e  code s  a llo w  de s igns  bas e d  o n  a r b it r a r y  v a lue s , r e gardle s s  

o f  the  s o il ty pe  o r  s he a r  s tr e ngth. F o r  ins tance , in  Lo s  An ge le s  unr e s t r a ine d 

r e ta in in g  w a lls  th a t  a re  n o t  o ve r  4 6 0  c m  a n d  h a v e  a  le ve le d d r a in e d  

b a c k fill, m a y  be  de s igne d fo r  a n  a s s um e d E q u iv a le n t  F lu id  U n it  W e ig h t  o f

4 .71  lcN/m3 re gardle s s  o f  s o il typ e  a n d  s he a r  s tr e ngth pa r a me te r s .

N o te  th a t  the s e  me thods  ge ne ra lly  g ive  d e s ign loa d s  m u c h  la r ge r  t h a n  the  

Ra n k in e  the or y , a n d  th a t  the y  are  o fte n us e d  in  d e s ign  r e gardle s s  o f  th e  ty p e  o f  

d r a in a g e  ins ta lle d . T he s e  me thods  s h o w  th a t  the  us e  o f  e ar th pr e s s ur e  the or ie s  

fo r  c ohe s ive  b a c k fills  r e quire  s pe c ia l pr e ca ut ions , b e c a us e  Ra n k in e 's  e ar th 

pr e s s ur e  the or y  te nds  to  unde re s t ima te  the  a c tua l th r us t  o n  the  r e t a in in g  w a ll.

S H E A R  S T R E N G T H  O F  C O H E S IV E  S O IL S

T h e  us e  o f  e a r th pre s s ure  the or ie s  r e quire s  k n ow le d ge  o f  the  s he a r  s tr e ngth o f  

the  s oil. F a c to r s  th a t  c a n  a ffe c t  the  s tr e ngth o f  c ohe s ive  b a c k fills  inc lud e : 

s a tu r a t io n  a n d  cr e e p. It  has  lon g  be e n e s tab lis he d  th a t  w h ile  the  s tr e ng th o f  

cohe s ionle s s  s oils  is  n o t  s e r ious ly  a ffe c te d  b y  s a tur a t ion , c ohe s ive  s o ils  a r e  

d r a s t ic a lly  a ffe c te d  d ue  to  incre as e s  in  the  w a te r  c onte nt  (T e r za g hi, 1934 ; 

S ow e r s , 1 9 64 ), a n d  thus  the  e a r th pre s s ure s  m a y  inc r e a s e  s ig n ific a n t ly . 

F u r th e r m o r e , it  is  w e ll k n o w n  th a t  the  s tr e ngth o f  a  s oil de pe nds  o n  the  r a te  o f  

lo a d in g , a n d  th a t  w ith  a  s low ing- dow n o f  the  ra te  o f  d is p la c e m e n t , the  p e a k 

s tr e ng th o f  s o ils  s ig n ific a n t ly  de te r iora te s  (Vy a lo v , 1 9 8 6 ). T he r e for e , the  

s tr e s s - s train b e h a v io r  fo r  ve ry s lo w ly  a p p lie d  s tre s se s  is  d iffe r e n t  t h a n  th a t  fo r  

a  c o nv e nt io na l te s t  w h ic h  r e quire s  a  fe w  h our s  fo r  c o m p le t io n . T he  e ffe c ts  o f  

cr e e p in c lud e  a  low e r  p e a k s he a r  s tr e ngth, t y , a n d  a  la r ge r  s t r a in a t  fa ilu r e  

He n c e , cr e e p c a n  ca us e  a  c ons ide r a ble  inc re as e  in  e a r th pr e s s ure s .

S in c e  the  s t a b ility  o f  the  s o il ma s s  b e h in d  a  r e t a ining  w a ll is  as s e s s e d in  t e rms  

o f  the  p e a k  s tr e ngth o f  the  m a te r ia l, it  s ee ms  ne ce s s a ry to  in tr o duc e  fo r m u la s  

th a t  in c o rp o r a te  the  e vo lut io n  o f  the  s he a r  s tr e ngth w it h  t im e . T he s e  fo r m u la s  

m u s t  c o ns ide r  the  r e la t ion  be twe e n the  la b o r a to r y  ra te  o f  d is p la c e m e nt  a n d  the  

fie ld  ra te . S u c h  fo r m ula s  h a v e  be e n p ropos e d , e .g . S k e mp to n  (1 9 6 4 ), b u t  a r e  

c o m p le x  a n d  r e quire  e x te ns ive  t e s t ing  a t  d iffe r e n t  ra te s  o f  d is p la c e m e n t . S inc e  

de s igne r s  a r e  u s u a lly  conce rne d w ith  lo ng  t e r m  b e ha v io r , o n ly  lo n g  t e r m

F ig  2 . S h e a r  s tr e ngth d a ta  fo r  m a te r ia ls  ML- 1 , ML- 2  a n d  MH- 1

F ig  3 . A  c u r v e d  fa ilu r e  e nve lope  fo r  m a te r ia ls  ML- 1 , ML- 2  a n d  MH- 1
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S o il P re s s ure  (kP a )

F ig  4. Ac t iv e  s o il pre s s ure s  fo r  m a te r ia l CL- 1 .

F ig  5. N e w  m e tho d fo r  the  e va lua t ion  o f  ac t ive  pre s s ure s

da,' /  (o- ay+ 4)
(5 )

s tr e ngth ne e ds  to  be  as s e s s ed. F o r  this  p ur p os e  the  r e s idua l s tr e ngth, z r , o f  

th e  m a te r ia l m a y  be  us e d  as  a  c r it e r ion fo r  m e c h a n ic a l s t a b ility  o f  the  b a c k fill 

m a te r ia l. T h is  p roce dur e  is  s up po r te d  b y  the  e x pe r ime nta l fin d in g s  o f  

S k e m p t o n  (1 9 6 4 ) a n d  B a b it s k a y a  a n d  T ur o vs k a y a  (Vy a lo v , 1 9 8 6 ). S k e m p to n  

fo u n d  th a t  the  r e s idua l s o il s tr e ngth is  h a r d ly  influe nc e d  b y  the  r a te  o f  

d is p la c e m e nt  a n d  t h a t  the  us e  o f  r e s idua l s tr e ngth w o u ld  n o t  p r od uc e  a n  e r ror  

in  exce s s  o f  2 - 5 % ove r  a  w id e  r a nge  o f  fie ld  d is p la c e m e nt  ra te s . S im ila r ly ,  

Ba b it s k a y a  a n d  T ur o v s k a y a  fo u n d  th a t  the  r e s idua l s tr e ngth o f  p la s t ic  s oils  

h a d  v a lue s  c los e  to  the  u lt im a te  lon g  t e r m s tr e ngth, i.e . v  =  (xy)co (Vy a lo v , 

19 8 6 ). T h u s , in  as s e s s ing the  lo n g  t e r m e ar th pr e s s ur e  o n  a  r e t a ining  w a ll,  the  

r e s idua l s tr e ngth m a y  be  us e d  fo r  ca lc u la t ion s .

E XP E RIM E N T AL P ROCEDU RES

U n d is tu r b e d  s pe c ime ns  o f  m a te r ia ls  fr o m  fiv e  s ite s  a r o un d  Lo s  Ang e le s  we re  

te s te d. Dir e c t  s he a r  te s ts , in  ac c o rd anc e  w ith  A S T M  3 0 80 , w e re  c o nd uc te d  to  

de te r mine  the  s tr e ng th o f  the  ma te r ia ls . T he  in ta c t  s pe c ime ns  we re  floo d e d  an d  

s he a re d s lo w ly  (0 .0 1 5 % / m in .)  un d e r  a  c o ns ta n t  n o r m a l s tre s s  o .  Va lue s  o f  a  

e q ua l to  2 3 .9 , 4 7 .9  a n d  9 5 .8  k P a  we re  us e d  fo r  the  d e te r m in a tio n  o f  the  

c oh e s ion  c  a n d  fr ic t io n  a n gle  <)> (F ig .2 ). In  a dd it io n , s e ve ra l te s ts  a t  ve ry  lo w  

n o r m a l s tre s se s  we re  pe r for m e d w ith  va lue s  o f  a  e q ua l to  7 .1 8  a n d  19 .58  k P a .

A CU RVED F AILU RE  EN VELOP E

In  p r a c tic e , the  fa ilu r e  e nve lope  o f  s oils  is  ty p ic a lly  a s s um e d lin e a r  a n d  the  

Mo h r - Co u lo m b  fa ilu r e  c r it e r ia  is  us e d. How e ve r , e x pe r ime nta l e vide nce  has  

s h o w n  th a t  the  fa ilu r e  e nve lope  is  ge ne r a lly  curve d. T he  c ur v a tu r e  is  

p a r t ic u la r ly  s ig n ific a n t  a t  lo w  c o n fin in g  s tre s se s , whe re  the  Mo h r - C o u lo m b  

c r it e r ia  t e nds  to  s e ve re ly ove re s t imate  the  s tr e ngth o f  the  s oil. N um e r o u s  

e x pre s s ions  h a v e  be e n pr opos e d  to  de s c r ibe  the  n o nlin e a r  fa ilu r e  e nve lope  o f  

s o ils  u s in g  p ow e r , c y c lo id , a n d  h y p e r bo lic  e qua tions  (Atk in s o n  a n d  F a r r a r , 

1 985 ; Ma k s im o v ic ,  1989; Vy a lo v , 1986). In  unc e me nte d  s o ils  the  inte rp a r t ic le  

a t t r a c t ion  for ce s  te nd  to  be  m in im a l a n d  s o il doe s  n o t  h a v e  a n y  t r ue  c ohe s ion. 

T he  abs e nce  o f  a  t rue  cohe s ion c a n  be  e x e mp lifie d  b y  a  te s t  in  w h ic h  a  c la y  

s a m p le  is  s ub me rg e d  in wa te r . In  this  te s t c o llaps e  o f  the  s a m p le  t y p ic a lly  

o cc ur s  w ith in  a  fe w  hour s . In  orde r  to  c a ptur e  this  b e ha v io r  the  c ur ve d fa ilu r e  

e nve lope  m u s t  c o n ta in  the  o r ig in: a  =  x  =  0 .  T he  re s ults  o f  the  d ir e c t  s he a r  

te s ts  de s c r ibe d  a b ov e  we re  a n a lyze d  us in g  the  fo llo w in g  h y p e r b o lic  r e la t ion:

v =
a /

(4 )

P a r ame te r s  a  a n d  b whe re  o b ta ine d  fr o m  the  e x pe r ime nta l d a t a  b y  line ar  

r e gre s s ion o f  (a y / x y ) vs . a y .  F ig .3  s hows  th a t  this  h y p e r b o lic  r e la t ion  give s  

ve ry  g o o d  p re dic t ions  fo r  a  <  100 k P a . N o te  th a t  fo r  a  g iv e n  n o r m a l s tre s s  ay-  

o n  the  s lope  o f  the  fa ilu r e  s ur fac e  is:

LAT E RAL EART H P RESSURES

F o r  a  cu rv e d  fa ilu r e  s ur fac e  the  h o r izo n ta l a n d  ve r t ica l s tre s se s  fr o m  

Ra n k in e 's  a c t ive  s ta te  c a n  b e  o b ta in e d  as  fo llow s :

OA =  a / + X /

O y  =  C y + X y
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(6 )

(7)

In  F ig .4  the  la t e r a l s o il pre s s ure s  pr e dic te d  b y  E q .6  a r e  c om p a r e d  w it h  thos e  

fr o m  Ra n k in e  the ory . T he s e  figur e s  s ho w  th a t  the  us e  o f  a  c u r v e d  fa ilu r e  

e nve lope  im plie s  h ig h e r  s o il pre s s ure s  a t  s h a llo w  de pths . T h e y  a ls o  in d ic a te  

th a t  b e lo w  the  de pth  z ,  (F ig .4 )  b o th  the or ie s  g iv e  ne a r ly  the  s ame  pre s s ur e s . It  

is  a ls o  inte r e s t ing  to  no te  th a t  fo r  de pths  s ha llow e r  th a n  r ,  the  c ur v a tur e  o f  the  

s o il pr e s s ur e  d is t r ib u t io n  is  s m a ll. He nce , fo r  z  <  z ,  la t e r a l s tre s s e s  c a n  be  

c o m p u te d  w it h  a  line a r  d is t r ib ut ion . Ba s e d o n  the  obs e rv a t io ns  a b o v e , a  n e w  

m e th o d  fo r  c o m p u t in g  ac t ive  pre s s ure s  is  propos e d . T his  m e th o d  is  illu s tr a te d  

in  F ig .5  a n d  cons is t s  o f  the  fo llo w in g  b ilin e a r  pr e s s ur e  d is t r ib u t ion :

i f  z < z : 

i f  z > z , Of, = K ay (z - z c)

(8 )

(9)

T he s e  e x pre s s ions  a r e  a  fun c t io n  o f  z ,  a n d  a  s im p le  e x pre s s ion o f  th is  d e p th  is  

ne ce s s a ry  fo r  p r a c t ic a l a pp lic a t ion s . As  e x e mp lifie d  in  F ig .6 , the  d e p th  z ,  

ap pe ar s  to  b e  a  fun c t io n  o f  the  cohe s ion c  a n d  o f  the  de pth  z c d e fin e d  in  E q .3 . 

F o r  p r a c t ic a l a p plic a t io n s , w he n c  ¿ 5  k P a , z,-  m a y  be  o b ta in e d  as  fo llow s :

Zj = r  ■ z c 

10.24
r  =

.0.6544

(10)

(11)

DISCU SSION

In  the  C ity  o f  Lo s  Ange le s  m a n y  fr e e s tanding  r e ta in in g  w a lls  th a t  a r e  no t  ove r  

4 6 0  c m  h a v e  be e n de s igne d fo r  a n  a s s um e d E q u iv a le n t  F lu id  U n it  W e ig h t  o f

4 .7 1  k N / m 3. T his  proce dur e  is  a cce pte d b y  lo ca l code s  a n d  is  u s e d r e gardle s s  

o f  s o il ty p e  o r  s he a r  s tr e ngth parame te r s . Alth o ug h , 4 .71  k N / m 3 m a y  a p p e a r  

lo w  fo r  c lay e y  a n d  s ilty  s oils , the re  doe s  n o t  s e e m to  be  a  g e ne r a lize d p r o b le m  

w it h  r e t a in in g  w a lls  as  a  r e s ult  o f  th is  p r ac t ice  in  this  r e g ion. T he  to ta l a c t ive  

fo rc e  Pa  c o m p ute d  fr o m  d iffe r e nt  me thods  h a v e  be e n n o r m a lize d  a n d  a r e  

c om p a r e d  in  F ig .7  fo r  a  4 6 0  c m  w a ll. F ig .7  s hows  th a t  the  c la s s ic a l Ra n k in e
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F ig  6 . E ffe c t  o f  cohe s ion  o n  the  r a t io  r F ig  7. Co m p a r is o n  be twe e n ac t ive  force s  P a  (ne w  m e th od  =1 ).

s o il pr e s s ur e  d is t r ib u t io n  c a n  s e r ious ly unde r e s t ima te s  the  a c t iv e  th r u s t  on 

r e ta in in g  w a lls . He n ce , the re  is  a  ne e d to  r e place  Ra nk in e 's  e a r th  pr e s s ur e s  

w ith  m o r e  c ons e r va t ive  me thods . T h a t  is  e x ac tly  w h a t  me tho ds  A  th r o u g h  D  

t r y  t o  a c c o m p lis h . F ig .7  a ls o  s how s  tha t  fo r  s oils  w ith  a  c oh e s ion  le s s  th a n  

25  k P a  ty p ic a l d e s ign me thods  re s ult  in  force s  th a t  a r e  e ithe r  w ith in  the  s ame  

r a ng e  o r  s lig h t ly  a b ov e  thos e  pr e dic te d  b y  the  ne w  m e tho d. He n ce , th is  s tudy  

s ugge s t s  th a t  th e  dis c r e pa nc ie s  be twe e n Ra nk ine 's  the or y  a n d  c o m m o n ly  us e d  

de s ign  pra c tic e s  a r e  la r ge ly  d ue  to  the  c ur va tur e  o f  the  fa ilu r e  e nve lope . 

Alt h o u g h  e ar th pre s s ure s  fo r  d e s ign p ur pos e s  c a n  b e  e s t im a te d  b a s e d  o n  

the or y , s e ve ra l fa c to r s  m u s t  be  t ake n in to  a c c o unt , in c lud in g  to le r a b le  w a ll 

m ov e m e nt , d r a in a ge  c o n dit io n s , e a r th pre s s ure s  d ue  to  c o m p a c t io n , s ur c ha rg e  

loa d s , e t c ... Co he s ive  b a c k fills  t e nd  to  cre e p a n d  w a lls  de s igne d  fo r  a c t iv e  s oil 

pr e s s ur e s  m a y  m o v e  c o n t in uo us ly  th r o ug h o u t  the ir  live s . F ig .7  s ho w s  th a t  

c o m m o n ly  us e d d e s ign me thods  t e nd  to  s lig h t ly  ove re s t ima te  the  a c t ua l lo a d  

a n d  r e s ult  in  a  ce r t a in de gre e  o f  cons e r va t is m. A lth o ug h  the s e  pr a c tic e s  le ad  to  

de s igns  th a t  a r e  cons e r va t ive  the y  m a y  n o t  r e duce  the  e ffe c ts  o f  cr e e p 

s u ffic ie n t ly  He nc e , the  a m o u n t  o f  m o ve m e n t th a t  c a n  b e  to le r a te d  o ft e n 

r e m a ins  the  m a jo r  q ue s t io n th a t  m u s t  be  ans we re d. A lth o ug h  e x is t in g  me tho ds  

m a y  p r ov id e  a c ce pta b le  d is t r ibu t io n s  fo r  m a n y  p r ac t ic a l p r ob le m s  the y  c a n  

s e r io us ly  und e r e s t ima te  pre s s ure s  in  w a lls  whe re  ve ry  lit t le  m o ve m e n t  c a n  be  

to le r a te d. In  c ir c um s ta nc e s  whe re  lit t le  o r  n o  m o ve m e n t is  a c c e p ta b le , at- res t 

e ar th pr e s s ur e s  s ho u ld  g e ne ra lly  be  cons ide r e d, a n d  fo r  p r a c t ic a l p ur po s e s  the  

fo r m u la  p r opo s e d  b y  Ja k y  (Mo r g e n s te m  a n d  Eis e ns te in, 1 9 7 0 ) m a y  b e  us e d:

ai, = K 0o v *  (1  - s in <t>)ov ( 12)

C O N C L U S IO N S

T h is  s tud y  s ugge s ts  t h a t  the  cu rv a tur e  o f  the  fa ilu r e  e nve lope  h as  a  s ig n ific a n t  

e ffe c t  o n  e ar th pre s s ure s . T h is  e ffe c t  c a n  be  a p p r o x im a te d  us in g  a  b ilin e a r  

pr e s s ur e  d is t r ib u t io n  a n d  n e w  e qua tions  a r e  p ropos e d . It  w a s  fo u n d  th a t  

Ra n k in e 's  s o il pr e s s ur e  d is t r ib u t io n  s e r ious ly  unde r e s t ima te s  the  a c t ive  

pr e s s ur e s  a n d  th a t  m o r e  cons e rva t ive  me thods  s ho u ld  b e  us e d  in  c ohe s ive  

s oils . T h is  s tud y  a ls o  s ugge s ts  th a t  c o m m o n ly  us e d  d ia g r a m s  w h ic h  o ft e n la c k  

a  the or e t ic a l o r  e x pe r ime nta l b ac k gr o un d , r e s ult  in  a c t ive  for c e s  th a t  a re  

g e ne r a lly  w it h in  the  s ame  r a nge  o f  thos e  pr e dic te d  b y  the  n e w  me tho d.
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