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1 . Y e a r s 1 9 6 0/19 70:  d e v e l o p ment o f  m e t h o d s f o r  t h e  d e s i g n  o f  g r a v i t y w a l l s i n  
l i n e  w i t h t h e  c o n s t r uc t i o n  o f  h i g h w a y  i n f r a s t r uc tu r e  ( M UR  7 3 )

2 . Y e a r s 1 9 8 0/19 90:  e v o l u t i o n o f  t h e  s h a l l o w f o u n d a t i o n d e s i g n  ( D T U 1 3 . 12 ,  
F a s c i c u l e  6 2  T i t r e  V )

3 . Y e a r s 1 9 9 0/20 00:  d e v e l o p ment o f  a  s p e c i f i c m e t h o d f o r  t h e  g r a v i t y w a l l s w i t h
t h e  p e r s p ec t i v e  o f  t h e  E u r o c o d es  ( A d  H o c  G r o u p  /  F r e n c h  E x p e r t  G r o u p )

4 . Y e a r s 2 0 0 0/20 10:  d e v e l o p ment o f  t h e  n a t i o n a l  s t a n d a r d  f o r  t h e  i m p l e m en ta t i o n
o f  t h e  E u r o c o d e  7  i n  F r a n c e  ( N F  P  9 4 - 2 8 1)  
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1 . P u b l i c  p o l i c y f o r  t h e  r a p i d a n d  h u g e d e v e l o p m e n t o f  
h i g h w a y  i n f r a s t r u c t u r e

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

 N e e d  o f  e f f i c i e n c y

1 . E s t a b l i s h m e n t  o f  s t a n d a r d  p r o c e d u r e f o r  t h e  d e s i g n  o f  
s t r u c t u r e s  ( S E T R A  a n d  L C P C )

•I d e n t i f i c a t i o n  o f  t y p i c a l s t r u c t u r e s  o r  t y p i c a l
p a r t  o f  s t r u c t u r e s

•E l a b o r a t i o n  o f  a  s p e c i f i c v e r i f i c a t i o n m e t h o d
f o r  e a c h s p e c i f i c s t r u c t u r e :

oB a c k g r o u n d  r e p o r t  w i t h
p r e s c r i p t i o n s  a n d  e x p l a n a t i o n s t o  
a s s i s t  t h e  d e s i g n e r
oF i r s t  d e d i c a t e d s o f t w a r e s



SYMPOSIUM COULOMB 
PARIS, SEPTEMBER 25 & 26, 2023

1970s: MUR73 for the design of gravity walls
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B e f o r e :  o n l y t h e o r t i c a l s o i l m e c h a n i cs
b o o k s  w i t h o u t p r a c t i c a l c a l c u l a t i o n
m e t h o d o r  s t a n d a r d   E a c h w a l l i s
d i f f e ren t

C o n t e nt  o f  M UR 7 3 :
•O v e r v i e w o f  c a l c u l a t i o n m e t h o d s
( i n c l u d i n g a c t i v e  e a r t h
p r e s s u r e a s s e s s m e n t )
•D e t a i l e d m e t h o d o f  t h e  g r a v i t y
w a l l s l i n k e d t o  b r i d g e s  ( w i n g w a l l s )
•D e s i g n  c h a r t s
•I n t e r a c t i o n  w i t h F O N D 7 2  ( t h e  f i r s t  
F r e n c h  s t a n d a r d  f o r  f o u n d a t i o n
d e s i g n )
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M a i n  i n f l u e n ces  f o r  t h e  c h o i c e o f  a  m e t h o d f o r  t h e  g r a v i t y
w a l l s :

•F i r s t  a p p r o a c h e s f o r  t h e  c a l c u l a t i o n w i t h l i m i t s t a t e  
f r a m e w o r k ( D i r e c t i v e s  C o m m u n e s  d e  l a  C o n s t r u c t i o n :  
D C C  1 9 7 1 ) :  a c t i v e  e a r t h p r e s s u r e s  a r e  m o d i f i e d b y  
c o n s i d e r i n g + / - 2 5 %  f o r  c o m p a c t i o n  e f f e c t s ,  + / - 2 0  %  f o r  
s h e a r p r o p e r t i e s ,  + / - 1 5  %  f o r  d e n s i t y .  
•E a r t h p r e s s u r e :  

oC a q u o t - K e r i s e l o r  C o u l o m b
oI n t r o d u c t i o n  o f  t h e  v i r t u a l b a c k  w i t h
a d a p t a t i o n  o f  t h e  s t r e s s  i n c l i n a t i o n  ( α )

•B e a r i n g c a p a c i t y :
oF r o m l a b o r a t o r y t e s t s
oF r o m i n - s i t u t e s t s
oI n t r o d u c t i o n  o f  i n c l i n a t i o n  r e d u c t i o n
f a c t o r
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1970s: MUR73 for the design of gravity walls
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P r e s c r i p t i ve  a n d  e x e c ut i o n r u l e s :

• D r a i n a g e
• C r i t e r i a f o r  e n g i n eer ed f i l l
• E a r t h w o r k e x e c ut i o n
• R o a d  s a f e t y b a r r i e r ,  h i g h w a y  n o i s e  b a r r i e r
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1980s: Evolution of shallow foundation design
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• E l a b o r a t i o n  o f  n a t i o n a l  s t a n d a r ds  f o r  t h e  
d e s i g n  o f  s h a l l o w f o u n d a t i o ns :

oF a s c i c u l e  6 2  T i t r e  V
oD T U 1 3 . 12

• L i m i t  s t a t e  f r a m e w o rk
• S e m i - e mp i r i ca l m e t h o d ( p r e s s u rem eter t e s t )  

f r o m i n  s i t u  t e s t s  ( b o t h f u l l  s c a l e a n d  
c e n t r i f ug e  t e s t s )

• R e d u c t i o n  f a c t o r  a c c o u n t i n g f o r  l o a d
i n c l i n a t i o n

C a n e p a  e t  G a r n i e r  ( 2 0 0 3 )

DTU 13 12
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1990s: towards a standard for the implementation of
Eurocode 7 (gravity walls)
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• N e e d o f  h a r m o n i z at i o n f o r  g r a v i t y w a l l d e s i g n
oI n t r o d u c t i o n  o f  l i m i t s t a t e  a n d  u s e  o f  n e w  
s t a n d a r ds  ( D T U a n d  F a s c i c u l e  6 2  T i t r e  V )
oUs e  o f  p a r t i a l  f a c t o r s f o r  b e a r i n g c a p a c i t y a n d  
s l i d i n g

• S c o p e  o f  t h e  E x p e rt  G r o u p  i n  t h e  p e r s p ec t i ve  o f  
E u r o c o d e  7  i m p l e m en ta t i o n :

oF a i l u r e  m e c h a n i s m s
oUn c e r t a i n t i es
oC a l c u l a t i o n  m e t h o d / E n g i n eer i ng  j u d g em ent

• S E T R A  G u i d e l i nes :
oO n l y S L S  v e r i f i c a t i o ns ( w i t h o u t UL S )
oUs e  o f  p a r t i a l  f a c t o r s :  2 . 0 + i δ

2 c l o s e  t o  2 . 3  
( v a l u e  r e c o m men d ed b y  t h e  E x p e r t  G r o u p )
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2000-2014: National standard NF P 94-281 (Eurocode 7)
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• E l a b o r a t i o n  o f  n a t i o n a l  s t a n d a r ds  ( C N J O G)
oN F  P  9 4 - 2 61:  s h a l l o w f o u n d a t i o ns ( 2 0 1 3 )
oN F  P  9 4 - 2 81:  g r a v i t y w a l l s ( 2 0 1 4)

• S y n t h es i s o f  t h e  p r e v i o u s s t a n d a r ds  :
oE a r t h p r e s s u re  c a l c u l a t i o n :  M UR 7 3
oV e r i f i c a t i o n o f  t h e  f o u n d a t i o n :  N F  P  
9 4 2 61/ F a s c i c u l e  6 2  T i t r e  V / D T U 1 3 . 12
oP a r t i a l  f a c t o r s :  s e e t h e  E x p e r t  G r o u p  
c o n c l u s i o ns
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• T h i s  m e t h o d w a s i n t r o d u c ed b y  M UR 7 3

• T h e  « t r u e »  m e c h a n i s m i s s i m p l i f i e d b y  t h e  u s e  o f  a  v i r t u a l b a c k

• T h e  s t r e s s  i n c l i n a t i o n  o n  t h e  v i r t u a l b a c k  i s d e f i n ed i n  o r d e r t o  o b t a i n a c t i o n s  
a n d  l o a d s t h a t a r e  e q u i v a l ent t o  t h o s e o b t a i n ed b y  c o n s i d e r i n g t h e  « t r u e »  
m e c h a n i s m s

P
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θ = 𝜋𝜋
4

+ 𝜑𝜑
2

+ γ−β
2

and γ = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠β
𝑠𝑠𝑠𝑠𝑠𝑠𝜑𝜑
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𝛿𝛿𝑎𝑎 = β if 𝐵𝐵𝑡𝑡tan 𝜃𝜃 > ℎ𝑣𝑣

𝛿𝛿𝑎𝑎 = β + 𝛿𝛿0 − β 1 −
𝐵𝐵𝑡𝑡tan 𝜃𝜃

ℎ𝑣𝑣

2

if 𝐵𝐵𝑡𝑡tan 𝜃𝜃 < ℎ𝑣𝑣

with 𝛿𝛿0 = max β, 2
3
𝜑𝜑

ΣMt, ΣVt, ΣHt ΣMv, ΣVv, ΣHvΣFt, et, δt
ΣFv, ev, δv
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R e s u l t a n t
f o r c e

E c c e n t r i c i t yL o a d
i n c l i n a t i o n
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R e s u l t a n t
f o r c e

E c c e n t r i c i t yL o a d
i n c l i n a t i o n
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Method of the virtual back

P

• T h e  a c t i o n s  c a l c u l a t e d w i t h t h e  t h e o r et i c a l a p p r o a c h a n d  t h e  v i r t u a l b a c k  
a p p r o a c h a r e  v e r y c l o s e :  t h e  f o u n da t i o n i s s u b j ec t ed t o  t h e  s a m e a c t i o n s .

• T h e  i n c l i n a t i o n  o f  t h e  a c t i v e  e a r t h p r e s s u res  o n  t h e  v i r u a l b a c k  m a y b e
s i g n i f i c a n t a n d  h a s  a  s t r o n g i n f l u e nc e  o n  t h e  c a l c u l a t i o n r e s u l t s :  c o n s i d e r i n g
a  n u l l i n c l i n a t i o n  i n c r e a s e s a  l o t  t h e  h o r i z o n ta l  a c t i o n  a n d  r e d u c e s t o  z e r o
t h e  v e r t i c a l  a c t i o n ,  w h i c h i s v e r y c o n s e r va t i ve .

16
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Active earth pressure calculation
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𝐾𝐾𝑎𝑎 =
𝑎𝑎𝑐𝑐𝑎𝑎2 𝜆𝜆 − 𝜑𝜑

𝑎𝑎𝑐𝑐𝑎𝑎 𝜆𝜆 + 𝛿𝛿 1 + 𝑎𝑎𝑎𝑎𝑎𝑎 𝜑𝜑 + 𝛿𝛿 𝑎𝑎𝑎𝑎𝑎𝑎 𝜑𝜑 − 𝛽𝛽
𝑎𝑎𝑐𝑐𝑎𝑎 𝜆𝜆 + 𝛿𝛿 𝑎𝑎𝑐𝑐𝑎𝑎 𝛽𝛽 − 𝜆𝜆

2

• C a q u o t - Ker i s e l t a b l e s

• C o u l o m b  c a l c u l a t i o n ( c o m p l e x
g e o m et r y ,  e x t e r na l l o a d s o n  t h e  
g r o u n d s u r f a c e)



SYMPOSIUM COULOMB 
PARIS, SEPTEMBER 25 & 26, 2023

18

Partial factors on actions Combination 
Gmin

(1)
Combination 

Gmax
(2)

Partial factors γG on Gs and Gb 1 1.35

Partial factors γQ on Qv (Σq at the virtual back) 0 1.5

Partial factors γG on Pah,g and  Pav,g
(3) 1.35 1.35

Partial factors γQ on Pah,q and  Pav,q 1.5 1.5

(1) : Gmin
(1) :  the vertical actions are favourable

(2) : Gmax
(2) : the vertical actions are unfavourable

(3) : the active earth pressures are always
unfavourable

Limit state calculations: comparisons of various methods
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Limit state calculations: comparisons of various methods

•T h e  i m p l e m e nta t i o n o f  t h e  E u r o c o de  7  h a s  r e q u i r ed t o  c a l i b r at e t h e  p a r t i a l  f a c t o r s
u s e d u n t i l 2 0 0 0 .

•S e v e ra l i s s u es  s h o u ld b e c h e c k e d:
oP a r t i a l  f a c t o r s f o r  t h e  b e a r i n g c a p a c i t y a n d  t h e  s l i d i n g
oM o d e l  f a c t o r s
oT h e  v i r t u a l b a c k  a p p r o ac h i s m o r e  c o n s er vat i ve  t h a n t h e  t h e o r et i c a l
a p p r o a ch s i n c e t h e  v e r t i c a l  a c t i o n s  a r e  l e s s i n c r e a s ed w h e r e as t h e  
h o r i z o n ta l  a c t i o ns  a r e  i d e n t i c a l t o  t h e  r e a l  c a s e .

 N e e d t o c o m p a re t h e v a r i o u s m e t h o ds
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β = 0 – 1/3 – 2/3 et 0.8 * ϕ 

Engineered fill:
γ (weight density) :

20 KN/m3

ϕ (friction angle) : 
25 – 30 – 35  et  40°

c (cohesion) :  0 

Ground properties:
qu : ultimate bearing

capacity
0.8 – 1,2  et  2,4 MPa

B 

Limit state calculations: comparisons of various methods

Toe =

• M e t h o d s :
o M U R  m i n :  c a l c u l a t i o n w i t h

t h e  s o f t w a r e  M U R  ( S E T R A  
– U L S  b e a r i n g c a p a c i t y
f a c t o r  1 , 5 + 0 , 5 i δ ² )

o E x p e r t s  r e c o m m e n d a t i o n s
( S L S  c o e f  2 , 3 )

o E C 7   G m a x :  :  c a l c u l a t i o n
w i t h N F  P  9 4 - 2 8 1  - G m a x

o E C 7  G m i n :  c a l c u l a t i o n w i t h
N F  P  9 4 - 2 8 1  - G m i n
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Limit state calculations: comparisons of various methods

PORTANCE  moyenne à bonne (qu = 1,2 MPa - phi = 30°)
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MUR min talus = 0

MUR min talus = 2phi/3

MUR min talus = 0,8phi

Experts talus = 0

Experts talus = 2phi/3

Experts talus = 0,8phi

EC7-2 Gmax talus = 0

EC7-2 Gmax talus = 2phi/3

EC7-2 Gmax talus = 0,8phi

EC7-2 Gmin talus = 0

EC7-2 Gmin talus = 2phi/3

EC7-2 Gmin talus = 0,8phi

gamma d gamma Gmurgamma sol gamma Gsol gamma Psol gamma Q gamma Pq gam, phi,r A B gamma(phi) gamma (C)
MUR min 1,125 0,9 0,9 1 1,2 0 1,6 1 1,5 0,5 1,2 1,4
Experts 1 1 1 1 1 0 1 1 2,3 0 1,3 1,5
EC7-2 Gmax 1 1,35 1 1,35 1,35 1,5 1,5 1 1,4 0 1,1 1,1
EC7-2 Gmin 1 1 1 1 1,35 0 1,5 1 1,4 0 1,1 1,1

T h e  r e s u l t s a r e  c l o s e .

T h e  m o s t c o n s e r v a t i v e  
m e t h o d i s E C 7 - G m i n ,  
w h i c h i s c o n s i s t e n t  
w i t h t h e  p r e v i o u s
c o m m e n t  a b o u t  t h e  
r o l e o f  t h e  v i r t u a l
b a c k .

ϕ

W
id

th
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ti
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n

(m
)

Medium bearing capacity: qu=1.2 Mpa – ϕ=30°
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Conclusions and perspectives
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• T h e  e v o l u t i o n o f  t h e  d e s i g n  m e t h o d s w a s c o n t i n u o u s d u r i n g t h e  l a s t  5 0  y e a r s w i t h t h e  
e l a b o r a t i o n o f  a n  h a r m o n i z e d d e s i g n  m e t h o d a s  a  f i r s t  s t e p ,  t h e  c o n s i d e r a t i o n o f  
i n c l i n e d l o a d i n g s a s  a  s e c o n d  s t e p a n d  t h e  u s e  o f  l i m i t e  s t a t e  f r a m e w o r k a s  a  t h i r d
s t e p .

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

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

• T h e  k n o w l e d g e o f  t h e  p r e v i o u s c a l c u l a t i o n m e t h o d s i s f u n d a m e n t a l f o r :
o t h e  m a i n t e n a n c e  a n d  t h e  r e p a r a t i o n o f  t h e  e x i s t i n g s t r u c t u r e s ,
o t h e  p o s s i b i l i t y t o  p r o p o s e  f u t u r e  e v o l u t i o n s .   
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Thank you for your attention
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