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Introduction

2

V a l u e s  u s e d f o r  t h e  d e s i g n  o f  
b o t h :

 g r a v i t y w a l l s w i t h l i m i t
e q u i l i b r i um m e t h o ds

 r e t a i n i n g w a l l s w i t h
s u b g r a d e r e a c t i o n
m e t h o ds

1 9 4 8       1 9 6 6 1 9 7 3                  1 9 9 0
1 s t e d i t i o n 2 n d e d i t i o n 3 r d e d i t i o n
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Introduction

3

T w o m a i n  i s s u e s :

 w h a t a r e  t h e  m a i n  
c o n t r i b u t i o ns  f o r  t h e  
e l a b o r a t i o n o f  t h e s e
t a b l e s ?

 H o w  h a v e  t h e s e v a l u e s  
b e e n  d e t e rm i ned?

1 9 4 8       1 9 6 6 1 9 7 3                  1 9 9 0
1 s t e d i t i o n 2 n d e d i t i o n 3 r d e d i t i o n
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1 8 7 4

1 8 7 6

Boussinesq (1874)
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 S t r o n g  c r i t i c i s m o f  t h e  R a n k i n e  t h e o r y .
 N e w  e q u a t i o n s a r e  p r o p o s e d b u t  i t i s n o t  p o s s i b l e  t o  p r o v i d e c l o s e d - f o r m s o l u t i o n s .

I n t r o d u c t i o n  ( 1 8 7 4 )

C o n c l u s i o n  ( 1 8 7 4 )
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1 9 0 3

Résal (1903)

Act ive  earth pressures :  f i rs t  va lues  
(hor izonta l  component)

5
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𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 3𝑡𝑡 − 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (1)
𝑑𝑑𝑡𝑡
𝑑𝑑𝑠𝑠

= 𝑠𝑠𝑛𝑛 − 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠 (2)
T h e  s t r e s s  s t a t e  e n s u r e s t h e  
e q u i l i b r i u m o f  t h e  s y s t e m  
t h a t i s f u l l y p l a s t i c .

T h e  p a r a m e t e r k  e n s u r e s t h a t
t h e  s t r e s s  s t a t e  w i t h i t s
i n c l i n a t i o n  α i s o n  t h e  M o h r  
c i r c l e ( ‘ + ’  f o r  a c t i v e  s t a t e  a n d  
‘ – ’  f o r  p a s s i v e  s t a t e )

A  f i r s t  m e t h o d i s p r o p o s e d
b u t  t h e  n u m e r i c a l v a l u e s  a r e  
s t i l l t h o s e c a l c u l a t e d b y  R é s a l
i n  1 9 0 3 .

6

Caquot (1934)

1 9 3 4

𝑛𝑛 = 2𝑘𝑘 − 1

𝑛𝑛 = 1 + 4𝑡𝑡𝑡𝑡𝑠𝑠2𝜑𝜑 ±
4

𝑐𝑐𝑐𝑐𝑠𝑠𝜑𝜑
𝑡𝑡𝑡𝑡𝑠𝑠2𝜑𝜑 − 𝑡𝑡𝑡𝑡𝑠𝑠2𝛼𝛼
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T h e  c a l c u l a t i o n p r i n c i p l e s a r e  c l e a r l y
e s t a b l i s hed w i t h t h e  d i s t i n c t i o n  o f  
t w o p a r t s :  t h e  f i r s t  o n e  i s r e l a t e d t o  
t h e  R a n k i n e  e q u i l i b r i u m w h i l e t h e  
s e c o n d  o n e  i s r e l a t e d t o  t h e  
B o u s s i n esq e q u i l i b r i u m.

T h e  e q u a t i o ns a r e  u n d e t erm i ned :  f o r  
a n y s t r e s s  i n c l i n a t i o n  o n  t h e  w a l l ,  i t
i s p o s s i b l e  t o  f i n d a n  e a r t h p r e s s ur e  
o n  t h e  w a l l t h a t e n s u r es t h e  
e q u i l i b r i um w i t h t h e  R a n k i n e  s t a t e  o n  
t h e  l i n e  O M 1.

S o m e v a l u e s  a r e  p r o p o s ed .
7 7

Ravizé (1945)

1 9 4 5

R a n k i n e  
e q u i l i b r i u m

B o u s s i n e s q
e q u i l i b r i u m
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A c t i v e  a n d  p a s s i v e  e a r t h
p r e s s u r e  c o e f f i c i e n t s  a r e  
c a l c u l a t e d f o r  v a r i o u s c a s e s  
u s i n g a  s y s t e m a t i c p r o c e d u r e :  
t h e  f i r s t  t a b l e s  p r o p o s e d b y  
C a q u o t  a n d  K e r i s e l a r e  
p r e s e n t e d .

8

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 3𝑡𝑡 − 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (1)
𝑑𝑑𝑡𝑡
𝑑𝑑𝑠𝑠

= 𝑠𝑠𝑛𝑛 − 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠 (2)

𝑛𝑛 = 2𝑘𝑘 − 1

𝑛𝑛 = 1 + 4𝑡𝑡𝑡𝑡𝑠𝑠2𝜑𝜑 ±
4

𝑐𝑐𝑐𝑐𝑠𝑠𝜑𝜑
𝑡𝑡𝑡𝑡𝑠𝑠2𝜑𝜑 − 𝑡𝑡𝑡𝑡𝑠𝑠2𝛼𝛼

1 9 4 9

Caquot and Kerisel (1948 and 1949)
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Active and passive earth pressures
for weighted ground conditions

 A c t i v e  e a r t h p r e s s u r e s :  t h e  v a l u e s  a r e  t h e  s a m e s i n c e 1 9 4 8 .

9

𝐾𝐾𝑎𝑎𝑎𝑎 = 𝜌𝜌𝑘𝑘𝑎𝑎 𝑘𝑘𝑎𝑎 =
𝑐𝑐𝑐𝑐𝑠𝑠2 𝜆𝜆 − 𝜑𝜑

𝑐𝑐𝑐𝑐𝑠𝑠 𝜆𝜆 + 𝛿𝛿 1 + 𝑠𝑠𝑠𝑠𝑠𝑠 𝜑𝜑 + 𝛿𝛿 𝑠𝑠𝑠𝑠𝑠𝑠 𝜑𝜑 − 𝛽𝛽
𝑐𝑐𝑐𝑐𝑠𝑠 𝜆𝜆 + 𝛿𝛿 𝑐𝑐𝑐𝑐𝑠𝑠 𝛽𝛽 − 𝜆𝜆

2 𝑙𝑙𝑠𝑠 𝜌𝜌 = − 2 −
𝑡𝑡𝑡𝑡𝑠𝑠2𝛽𝛽 + 𝑡𝑡𝑡𝑡𝑠𝑠2𝛿𝛿

2𝑡𝑡𝑡𝑡𝑠𝑠2𝜑𝜑
𝑠𝑠𝑠𝑠𝑠𝑠𝜑𝜑𝑙𝑙𝑠𝑠 1 − 0,9𝜁𝜁2 − 0.1𝜁𝜁4 1 − 0,3𝜁𝜁3

𝜌𝜌 > 1,0

C o u l o m b - P o n c e l e t  c o e f f i c i e n t
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Active and passive earth pressures
for weighted ground conditions

 A c t i v e  e a r t h p r e s s u r e s :  t h e  v a l u e s  a r e  t h e  s a m e s i n c e 1 9 4 8 .

P a s s i v e  e a r t h p r e s s u r e s :  t h e  v a l u e s  h a v e  v a r i e d .

E x a m p l e :
c = 0 ,  ϕ= 3 0 ° a n d  δ /ϕ = - 1

T h e  d i f f e r e n c e s a r e  n e g l i g i b l e f o r  t h e  p r a c t i c e  b u t  i t m a y b e i n t e r e s t i n g t o  b e t t e r
u n d e r s t a n d h o w  t h e s e v a l u e s  w e r e d e t e r m i n e d .

10

C a q u o t ,  K e r i s e l a n d  A b s i :  
K p= 6 , 4 2  ( 1 9 4 8 ) ,  K p= 6 , 5 6  ( 1 9 6 6 ) ,  

K p= 6 , 5 0  ( 1 9 9 0 )

S o k o l o w s k i ( 1 9 6 5 ) :
K p= 6 , 5 5

𝐾𝐾𝑎𝑎𝑎𝑎 = 𝜌𝜌𝑘𝑘𝑎𝑎 𝑘𝑘𝑎𝑎 =
𝑐𝑐𝑐𝑐𝑠𝑠2 𝜆𝜆 − 𝜑𝜑

𝑐𝑐𝑐𝑐𝑠𝑠 𝜆𝜆 + 𝛿𝛿 1 + 𝑠𝑠𝑠𝑠𝑠𝑠 𝜑𝜑 + 𝛿𝛿 𝑠𝑠𝑠𝑠𝑠𝑠 𝜑𝜑 − 𝛽𝛽
𝑐𝑐𝑐𝑐𝑠𝑠 𝜆𝜆 + 𝛿𝛿 𝑐𝑐𝑐𝑐𝑠𝑠 𝛽𝛽 − 𝜆𝜆

2 𝑙𝑙𝑠𝑠 𝜌𝜌 = − 2 −
𝑡𝑡𝑡𝑡𝑠𝑠2𝛽𝛽 + 𝑡𝑡𝑡𝑡𝑠𝑠2𝛿𝛿

2𝑡𝑡𝑡𝑡𝑠𝑠2𝜑𝜑
𝑠𝑠𝑠𝑠𝑠𝑠𝜑𝜑𝑙𝑙𝑠𝑠 1 − 0,9𝜁𝜁2 − 0.1𝜁𝜁4 1 − 0,3𝜁𝜁3

𝜌𝜌 > 1,0

C o u l o m b - P o n c e l e t  c o e f f i c i e n t
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An example of numerical integration

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 3𝑡𝑡 − 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (1)
𝑑𝑑𝑡𝑡
𝑑𝑑𝑠𝑠

= 𝑠𝑠𝑛𝑛 − 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠 (2)

R u n g e  K u t t a ( R K 4 )  n u m e r i c a l
i n t e g r a t i o n m e t h o d
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An example of numerical integration

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 3𝑡𝑡 − 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (1)
𝑑𝑑𝑡𝑡
𝑑𝑑𝑠𝑠

= 𝑠𝑠𝑛𝑛 − 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠 (2)

R u n g e  K u t t a ( R K 4 )  n u m e r i c a l
i n t e g r a t i o n m e t h o d
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An example of numerical integration

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 3𝑡𝑡 − 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (1)
𝑑𝑑𝑡𝑡
𝑑𝑑𝑠𝑠

= 𝑠𝑠𝑛𝑛 − 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠 (2)

M e t h o d  p r e s e n t e d :
K p= 6 , 5 4 8

C a q u o t ,  K e r i s e l ,  A b s i :
K p= 6 , 4 2  ( 1 9 4 8 ) ,  K p= 6 , 5 6  
( 1 9 6 6 ) ,  K p= 6 , 5 0  ( 1 9 9 0 )

S o k o l o w s k i ( 1 9 6 5 ) :
K p= 6 , 5 5

R u n g e  K u t t a ( R K 4 )  n u m e r i c a l
i n t e g r a t i o n m e t h o d
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Other examples

A c t i v e  e a r t h p r e s s u r e  – δ /ϕ
R e l a t i v e

i n c l i n a t i o n
- 1 - 2 / 3 0 2 / 3 1

P r e s e n t e d
m e t h o d

0 , 8 8 6 0 , 4 7 7 0 , 3 3 3 0 , 3 0 1 0 , 3 0 7

C a q u o t  
K e r i s e l

0 , 9 8 1 0 , 4 7 6 0 , 3 3 3 0 , 3 0 0 0 , 3 0 8

C o u l o m b 0 , 8 6 6 0 , 4 6 9 0 , 3 3 3 0 , 2 9 7 0 , 2 9 7

P a s s i v e  e a r t h p r e s s u r e  – δ /ϕ
R e l a t i v e

i n c l i n a t i o n
- 1 - 2 / 3 0 2 / 3 1

P r e s e n t e d
m e t h o d

6 , 5 5 5 , 2 6 3 , 0 1 , 4 6 - - -

C a q u o t  
K e r i s e l

6 , 5 0 5 , 3 0 3 , 0 1 , 4 6 - - -
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Other examples

A c t i v e  e a r t h p r e s s u r e  – δ /ϕ
R e l a t i v e

i n c l i n a t i o n
- 1 - 2 / 3 0 2 / 3 1

P r e s e n t e d
m e t h o d

0 , 7 9 2 0 , 5 3 3 0 , 4 0 5 0 , 3 6 2 0 , 3 5 6

C a q u o t  
K e r i s e l

0 , 8 6 9 0 , 5 3 3 0 , 4 0 5 0 , 3 5 8 0 , 3 5 5

C o u l o m b 0 , 7 6 6 0 , 5 3 3 0 , 4 0 3 0 , 3 4 9 0 , 3 3 4

P a s s i v e  e a r t h p r e s s u r e  – δ /ϕ
R e l a t i v e

i n c l i n a t i o n
- 1 - 2 / 3 0 2 / 3 1

P r e s e n t e d
m e t h o d

5 , 3 9 4 , 7 2 3 , 2 2 1 , 8 6 1 , 0 3

C a q u o t  
K e r i s e l

5 , 4 0 4 , 7 0 3 , 2 0 1 , 8 6 - - -



SYMPOSIUM COULOMB 
PARIS, SEPTEMBER 25 & 26, 2023

16

Failure mechanism – Slip lines

𝑟𝑟 = 𝑒𝑒− ∫ 𝑡𝑡𝑎𝑎𝑑𝑑𝑡𝑡 𝑑𝑑 .𝑑𝑑𝑑𝑑 with:
𝜉𝜉 𝑠𝑠 = 𝜋𝜋

4
+ 𝜑𝜑

2
− 𝑑𝑑𝛼𝛼−𝛼𝛼

2
and 𝑠𝑠𝛼𝛼 = 𝑡𝑡𝑟𝑟𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑑𝑑𝛼𝛼

𝑠𝑠𝑠𝑠𝑑𝑑𝜑𝜑

A c t i v e  e a r t h
p r e s s ur es

C a s e  1 C a s e  2
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Failure mechanism – Slip lines

𝑟𝑟 = 𝑒𝑒− ∫ 𝑡𝑡𝑎𝑎𝑑𝑑𝑡𝑡 𝑑𝑑 .𝑑𝑑𝑑𝑑 with:
𝜉𝜉 𝑠𝑠 = 𝜋𝜋

4
+ 𝜑𝜑

2
− 𝑑𝑑𝛼𝛼−𝛼𝛼

2
and 𝑠𝑠𝛼𝛼 = 𝑡𝑡𝑟𝑟𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑑𝑑𝛼𝛼

𝑠𝑠𝑠𝑠𝑑𝑑𝜑𝜑

A c t i v e  e a r t h
p r e s s ur es

C a s e  1 C a s e  2

𝑟𝑟 = 𝑒𝑒− ∫ 𝑡𝑡𝑎𝑎𝑑𝑑𝑡𝑡 𝑑𝑑 .𝑑𝑑𝑑𝑑 with:
𝜉𝜉 𝑠𝑠 = 𝜋𝜋

4
− 𝜑𝜑

2
+ 𝑑𝑑𝛼𝛼+𝛼𝛼

2
and 𝑠𝑠𝛼𝛼 = 𝑡𝑡𝑟𝑟𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑑𝑑𝛼𝛼

𝑠𝑠𝑠𝑠𝑑𝑑𝜑𝜑

P a s s i v e  e a r t h
p r e s s ur es

C a s e  1 C a s e  2
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A last example – Comparison with the
kinematical approach of the yield analysis

P r e s e n t e d m e t h o d :  K p= 7 , 7 7

C a q u o t - K e r i s e l :  K p= 8 , 0

T h e  d i f f e r e n c e i s s i g n i f i c a n t
e v e n i f  i t r e m a i n s v e r y l o w

a n d  n e g l i g i b l e f o r  t h e   
p r a c t i c e .  
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A  k i n e m a t i c a l a p p r o a c h p r o v i d e s :  K p= 7 , 9 5 T h e  t w o m e c h a n i s m s a r e  v e r y s i m i l a r .

 T h e  « t r u e »  v a l u e  s h o u l d b e b e t w e e n 7 , 7 7  a n d  7 , 9 5 .

S i m o n  ( 2 0 0 2 )
R e n d u l i c ( 1 9 3 5 )

A last example – Comparison with the
kinematical approach of the yield analysis

T a l r e n ( 2 0 2 2 )
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Conclusions

A r o u n d 1 7 5  y e a r s a f t e r C o u l o m b ,  C a q u o t  a n d  K e r i s e l d e v e l o p p e d a n o t h e r a p p r o a c h t o  
a s s e s s a c t i v e  a n d  p a s s i v e  e a r t h p r e s s u r e s  f o r  w e i g h t e d g r o u n d c o n d i t i o n s  f r o m t h e  
c o n t r i b u t i o n s  o f  B o u s i n e s q ,  R é s a l a n d  R a v i z é .  

F a i l u r e  m e c h a n i s m s c a n  a l s o b e o b t a i n e d a n d  c o m p a r e d t o  t h o s e c o n s i d e r e d b y  C o u l o m b  
e x p l a i n i n g w h y C o u l o m b  a p p r o a c h i s n o t  o n  t h e  s a f e s i d e .

T o d a y ,  B o u s i n e s q ,  C a q u o t  a n d  K e r i s e l a p p r o a c h e s c a n  b e c o m p a r e d t o  s o m e o t h e r
s o l u t i o n s  o b t a i n e d b y  t h e  k i n e m a t i c a l a p p r o a c h o f  t h e  y i e l d a n a l y s i s .

N e w  v a l u e s  o f  a c t i v e  a n d  p a s s i v e  e a r t h p r e s s u r e  c o e f f i c i e n t s  m i g h t b e t h u s o b t a i n e d b y  
c o m p a r i n g b o t h B o u s i n e s q ,  C a q u o t  a n d  K e r i s e l a p p r o a c h e s a n d  t h e  k i n e m a t i c a l a p p r o a c h
o f  t h e  y i e l d a n a l y s i s .
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Thank you for your attention
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