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Murs de brique/bois/béton
Remblai de rouleaux de Schneebeli
Analyse d’images sur 1 section

Résultats attendus :

Validation du modèle
Validation des cinématiques de rupture
Sensibilité du modèle aux paramètres

MURS DE SOUTÈNEMENT A-S. COLAS 13/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Présentation des modèles physiques

Intérêt du modèle physique :

Respect des hypothèses du modèle
Facilité de mise en œuvre

Moyens expérimentaux :

Murs de brique/bois/béton
Remblai de rouleaux de Schneebeli
Analyse d’images sur 1 section

Résultats attendus :

Validation du modèle
Validation des cinématiques de rupture
Sensibilité du modèle aux paramètres

MURS DE SOUTÈNEMENT A-S. COLAS 13/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Présentation des modèles physiques

Intérêt du modèle physique :

Respect des hypothèses du modèle
Facilité de mise en œuvre

Moyens expérimentaux :

Murs de brique/bois/béton
Remblai de rouleaux de Schneebeli
Analyse d’images sur 1 section

Résultats attendus :

Validation du modèle
Validation des cinématiques de rupture
Sensibilité du modèle aux paramètres

MURS DE SOUTÈNEMENT A-S. COLAS 13/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Tests des configurations géométriques

Tests sur paramètres géométriques :

MURS DE SOUTÈNEMENT A-S. COLAS 14/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Tests des configurations géométriques

Tests sur paramètres géométriques :

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12 14 16-2-4-6-8-10

Inclinaison des lits α (◦)

H
au

te
ur

lim
ite

de
re

m
bl

ai
h
+ s

(c
m

)

MURS DE SOUTÈNEMENT A-S. COLAS 14/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Tests des configurations géométriques

Tests sur paramètres géométriques :

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12 14 16-2-4-6-8-10

Inclinaison des lits α (◦)

H
au

te
ur

lim
ite

de
re

m
bl

ai
h
+ s

(c
m

)

Glis. CR
Renv. CR

MURS DE SOUTÈNEMENT A-S. COLAS 14/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Tests des configurations géométriques

Tests sur paramètres géométriques :

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12 14 16-2-4-6-8-10

Inclinaison des lits α (◦)

H
au

te
ur

lim
ite

de
re

m
bl

ai
h
+ s

(c
m

)

Glis. CR
Renv. CR

u u
u

u Glis. exp

u
u

u Renv. exp

MURS DE SOUTÈNEMENT A-S. COLAS 14/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Tests des configurations géométriques

Tests sur paramètres géométriques :

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12 14 16-2-4-6-8-10

Inclinaison des lits α (◦)

H
au

te
ur

lim
ite

de
re

m
bl

ai
h
+ s

(c
m

)

Glis. CR
Renv. CR

u u
u

u Glis. exp

u
u

u Renv. exp

Validation du modèle

quantitative (e ≤ 10%)
qualitative

MURS DE SOUTÈNEMENT A-S. COLAS 14/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du mur

Glissement Renversement

MURS DE SOUTÈNEMENT A-S. COLAS 15/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Rupture du sol

MURS DE SOUTÈNEMENT A-S. COLAS 16/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Sommaire

1 Contexte

2 Modélisation par le calcul à la rupture

3 Modélisation physique

4 Expérimentation échelle 1

5 Conclusions

MURS DE SOUTÈNEMENT A-S. COLAS 17/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Présentation des expérimentations échelle 1

Intérêt des essais échelle 1 :

Forte hétérogénéité de la maçonnerie
Interaction sol/structure

Moyens expérimentaux :

Mur construit selon les règles de l’art
Mesures des déplacements dans 3 sections

Résultats attendus :

Pertinence du modèle
Caractéristiques des matériaux

MURS DE SOUTÈNEMENT A-S. COLAS 18/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Présentation des expérimentations échelle 1

Intérêt des essais échelle 1 :

Forte hétérogénéité de la maçonnerie
Interaction sol/structure

Moyens expérimentaux :

Mur construit selon les règles de l’art
Mesures des déplacements dans 3 sections

Résultats attendus :

Pertinence du modèle
Caractéristiques des matériaux

MURS DE SOUTÈNEMENT A-S. COLAS 18/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Présentation des expérimentations échelle 1

Intérêt des essais échelle 1 :

Forte hétérogénéité de la maçonnerie
Interaction sol/structure

Moyens expérimentaux :

Mur construit selon les règles de l’art
Mesures des déplacements dans 3 sections

Résultats attendus :

Pertinence du modèle
Caractéristiques des matériaux

MURS DE SOUTÈNEMENT A-S. COLAS 18/26





CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Bilan des expérimentations

Caractéristiques des matériaux (indice des vides du mur)

Déformation plane du mur
Validation du critère de résistance de la maçonnerie

pertinence de l’homogénéisation
influence de l’irrégularité des blocs

Validation de la ligne de rupture interne dans le mur

Validation de la rupture du mur en renversement/glissement

MURS DE SOUTÈNEMENT A-S. COLAS 20/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Bilan des expérimentations

Caractéristiques des matériaux (indice des vides du mur)

Déformation plane du mur
Validation du critère de résistance de la maçonnerie

pertinence de l’homogénéisation
influence de l’irrégularité des blocs

Validation de la ligne de rupture interne dans le mur

Validation de la rupture du mur en renversement/glissement

MURS DE SOUTÈNEMENT A-S. COLAS 20/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Bilan des expérimentations

Caractéristiques des matériaux (indice des vides du mur)

Déformation plane du mur
Validation du critère de résistance de la maçonnerie

pertinence de l’homogénéisation
influence de l’irrégularité des blocs

Validation de la ligne de rupture interne dans le mur

Validation de la rupture du mur en renversement/glissement

MURS DE SOUTÈNEMENT A-S. COLAS 20/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Bilan des expérimentations

Caractéristiques des matériaux (indice des vides du mur)

Déformation plane du mur
Validation du critère de résistance de la maçonnerie

pertinence de l’homogénéisation
influence de l’irrégularité des blocs

Validation de la ligne de rupture interne dans le mur

Validation de la rupture du mur en renversement/glissement

MURS DE SOUTÈNEMENT A-S. COLAS 20/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Bilan des expérimentations

Caractéristiques des matériaux (indice des vides du mur)

Déformation plane du mur
Validation du critère de résistance de la maçonnerie

pertinence de l’homogénéisation
influence de l’irrégularité des blocs

Validation de la ligne de rupture interne dans le mur

Validation de la rupture du mur en renversement/glissement

MURS DE SOUTÈNEMENT A-S. COLAS 20/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Bilan des expérimentations

Caractéristiques des matériaux (indice des vides du mur)

Déformation plane du mur
Validation du critère de résistance de la maçonnerie

pertinence de l’homogénéisation
influence de l’irrégularité des blocs

Validation de la ligne de rupture interne dans le mur

Validation de la rupture du mur en renversement/glissement

0,2
0,4
0,6
0,8
1,0
1,2
1,4
1,6
1,8
2,0

-0,2
0,1 0,2 0,3 0,4 0,5 0,6-0,1
Excentricité relative k

A
ng

le
de

ro
ta

tio
n

du
m

ur
θ

(˚
)

0

0

| |
|

|
| | | | | | |
| | | | |
|

|
|

| | | |
|

| |
| | | |
|

|
|

| | |
|

|
|

| |
|

|
|

| |
| |

|
| |

|
| |

| |
|

|
|

| |
|

| |
| |

|
|

|
| | |
| | | |
|

|
|

| |
| |

|
| |

| |
|

|
| |

|
| | |

| | |
| |
|

| |
| | |

||
| | | |
| | | |

| |
| | |

| |
| | | |

| | |
| |

| | | | |
| | | | | | | | | |
| |

|
| | | | | | | | | | | | | | | | | | | | | | | || | | | | | || | |

|
| || || || || |
|| |||
|| | |

| || | || || | | ||| |
| ||| | | |||
| | | | || |

| | | | |
|

| | ||
| | | | |
| | | | | | | | | | | | | | |
| | | | | | | |
| || ||| |
||||| |
|

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++
+++++++++++++

++++++++
+++++
+++++++++++++++++
++++++++++++++++++++
+++++++++++++++++
+++++++++++++++++++++++
+++++++++++
+++++++++++++++++++++++++++
++++++++++++
+++++++++++++
++++++++++++++
++++

rsrsrsrsrsrsrsrsrsrsrsrs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs

rs rs rs rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rs rs rsrsrs rsrs
rsrsrs rsrs rsrs rsrsrsrsrs rsrs rsrsrs rsrsrsrsrs rsrsrsrsrs rsrsrs rsrsrsrsrsrsrsrs rsrsrs rsrsrs rsrsrs rsrsrsrsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rs rsrs rs rsrs rs rs rs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrsrs rsrs rs rsrsrs rsrs rsrs rsrs rsrs rs rs rsrs
rs rs rsrs rs rsrsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs
rsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rs rs rsrs rsrs rs
rsrs rs rsrs rsrs rs rs rsrs rsrs rsrsrs rsrs rsrs rsrs rsrsrs rsrsrsrs
rsrs rsrsrs rsrs rsrsrsrsrsrs rsrs rsrsrsrsrsrs rsrs rsrs rsrs rsrs rsrsrsrs
rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rs

++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++

+
++++++++++++++++++++++++++++++++

++++++++++++++++++
++++++++++++++++++++++

++++++++++++++
++++++++++++

+++++++++
+++++++++++++++++++

+++++++++
+++++++++++
++++++
+++++++++++++++++++++++++

+++++++
+++++++
+++
+++++++
++++++++
+++++++++
+++++++
++

bcbc bcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbc bcbc bcbcbc bcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bc bc bc bcbcbcbcbc bcbcbc bcbcbcbcbc bcbcbcbcbcbcbcbc bcbcbcbc bcbcbcbc bcbcbcbcbcbc bcbcbcbcbc bcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbc bcbc bcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc

bc bcbc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc

bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bcbc bc bcbc bc bc bc bc bcbc bc bcbc bcbc bcbcbc bc bc bc bcbc bcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbc bcbcbcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bc bc bc bc bc bcbc bcbc bcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bc
bcbcbcbcbcbcbcbcbc

qq q q q qq q q q q q q q q q q q
q q

q
q q

q

q

u u u u u u u u u u u u u
u u u u

u u u u u
u
u
u
u
u

u

u

q q q q q q q q q q q q q q
q q

q
q

q

q

rsrsrsrsrsrsrsrsrsrsrsrs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs

rs rs rs rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rs rs rsrsrs rsrs
rsrsrs rsrs rsrs rsrsrsrsrs rsrs rsrsrs rsrsrsrsrs rsrsrsrsrs rsrsrs rsrsrsrsrsrsrsrs rsrsrs rsrsrs rsrsrs rsrsrsrsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rs rsrs rs rsrs rs rs rs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrsrs rsrs rs rsrsrs rsrs rsrs rsrs rsrs rs rs rsrs
rs rs rsrs rs rsrsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs
rsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rs rs rsrs rsrs rs
rsrs rs rsrs rsrs rs rs rsrs rsrs rsrsrs rsrs rsrs rsrs rsrsrs rsrsrsrs
rsrs rsrsrs rsrs rsrsrsrsrsrs rsrs rsrsrsrsrsrs rsrs rsrs rsrs rsrs rsrsrsrs
rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rs

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

-0,1
-0,2

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0-0,2

Déplacement relatif (cm)

E
ffo

rt
tr

an
ch

an
t/n

or
m

al
(k

N
/k

N
)

0

0

q

u

q

bc

rs

| || || || || ||| || ||| || ||| || |||| ||| | || | || || ||| || | || | || | || ||| | || | || |||| || || | || ||| | || | || | ||| || | |||| || || ||| || |||| | ||| | ||| | | | |||| |
||| | | | || || | |||||| || |

||| ||||| |
|| | ||| || || || | ||| || |||

|| | ||||| || | | || ||| | | | | || || | |||| | || ||| || | | || | || ||| || ||| | ||| | ||| |||| || || | | | ||| | | || || | || | | | | | | | |||| | || | || || | | | | ||| || | ||

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++
+++++++++++++++++++++++++
++++++++++++++++++++++
++++++++++++++++++
+++++++++++++++++
++++++++++++++++++++++++++

+++++++++++++++
++++++++++++++++++

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

rs rsrsrsrs rsrs rsrsrsrsrsrsrs rsrsrs rsrs rsrs rs rsrs rsrs rsrsrs rsrsrs rsrs rsrs rsrs rsrsrs rsrsrsrs rsrsrs rsrsrs rsrs rsrsrsrs
rsrs rs rsrs rsrs rsrs rsrsrs rsrs rsrs
rsrs rsrsrsrs rs rsrs rsrs rsrs
rs rsrsrs rs rsrsrs rsrsrs rs
rs rsrsrsrs rs rsrsrs rs
rsrsrsrs rsrsrs rs rs
rsrs rsrsrs rsrs rs
rs rsrsrs rs rsrsrs rs
rs rsrs rsrsrsrs rs rs
rs rsrs rs rsrs rs rs rs
rsrs rs rs rs rs rsrs rs
rsrs rs rs rs rs rsrs rsrsrsrs rsrsrs rsrs rsrs rs rsrs rsrsrs rsrs rsrsrs rsrsrsrs rsrs rs rsrs rsrsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rsrs rs rsrs rs rs rsrs rsrsrs rs rsrsrs rsrs rsrsrs rsrsrs rsrsrsrsrsrs rsrs rsrs rs rs rsrsrsrsrsrs rsrs rsrsrs rs rsrsrsrs rs rsrs rsrsrsrs rsrs rs rsrsrs rsrsrsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rs
rsrs rsrs rsrsrs rs rsrs rsrs rs rs rs rsrs rsrs rs rsrsrs rsrs rs rs rs rs rsrsrs rsrs rsrs rsrs rsrs rs rs rsrs rs rs rs rs rsrs rs rs rs rs rs rs rsrs rsrs rsrs rs rsrs rsrs rs rs rsrs rsrs rsrs rsrs rs rsrsrs rsrs

rsrs rsrs rsrs rsrs rs rs rs rsrs rs rs rsrs rsrs rsrs rs rs rsrs rs rs rsrs rsrs rsrs rs rs rsrs rs rs rsrs rs rs rsrs rsrs rs rs rs rs rs rs rs rs rs rs rs rs rsrs rsrs rsrsrs rs rsrs rsrs rsrs rsrs rsrsrs rs rs rsrs rsrs rsrs rsrs rsrsrs rsrs rsrs rsrsrs rs rsrs rsrs rs rs rsrs rsrs rs

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++
+++++++++++++
+++++++++++++++
+++++++++++
++++++++++
++++++++++
+++++++++++++++++++++

+++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++

bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc
bcbcbcbcbcbc bc bcbcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbc bcbcbc bcbcbcbcbcbc
bcbcbcbc bcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbc bcbcbcbc bcbcbcbc bcbcbcbcbcbcbc bc bcbcbc bcbc
bc bcbcbc bcbc bcbcbcbcbc bcbcbcbcbcbc bc
bcbcbc bcbcbc bc bcbc bcbcbcbcbcbcbcbcbcbc
bcbcbc bcbcbc bcbc bc bcbc bcbc bc
bc bc bc bcbcbc bc bcbc bcbcbc bcbc
bc bc bc bc bcbc bc bc bcbc bc bc bcbc bc
bc bc bc bc bc bc bc bc bcbc bc bc bc bc bcbcbc bcbc bc bcbcbc bcbcbc bc bcbcbcbc bc bcbc bcbcbcbc bcbc bcbc bcbcbcbc bcbcbcbcbcbc bcbc bcbc bcbc bcbcbcbc bcbc bcbc bcbcbcbc bc bcbc bc bcbcbc bcbc bcbcbcbcbcbcbcbcbcbcbcbc bcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbcbc bcbc bcbc bc bc bc

bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bc bc bc bc bc bc

bc bc bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bc bc

qq q q
q q q q
q q
q q q q
q q
q q
q q q q q q

u
uu uu u
u u
u u u u u
u u uu
u u u u
u u u

u u u u u u

q

q
q q
q q
q q q
q q q
q q q q
q q

q

q

q
q q
q q
q q q
q q q
q q q q
q q

q

MURS DE SOUTÈNEMENT A-S. COLAS 20/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Bilan des expérimentations

Caractéristiques des matériaux (indice des vides du mur)

Déformation plane du mur
Validation du critère de résistance de la maçonnerie

pertinence de l’homogénéisation
influence de l’irrégularité des blocs

Validation de la ligne de rupture interne dans le mur

Validation de la rupture du mur en renversement/glissement

0,2
0,4
0,6
0,8
1,0
1,2
1,4
1,6
1,8
2,0

-0,2
0,1 0,2 0,3 0,4 0,5 0,6-0,1
Excentricité relative k

A
ng

le
de

ro
ta

tio
n

du
m

ur
θ

(˚
)

0

0

| |
|

|
| | | | | | |
| | | | |
|

|
|

| | | |
|

| |
| | | |
|

|
|

| | |
|

|
|

| |
|

|
|

| |
| |

|
| |

|
| |

| |
|

|
|

| |
|

| |
| |

|
|

|
| | |
| | | |
|

|
|

| |
| |

|
| |

| |
|

|
| |

|
| | |

| | |
| |
|

| |
| | |

||
| | | |
| | | |

| |
| | |

| |
| | | |

| | |
| |

| | | | |
| | | | | | | | | |
| |

|
| | | | | | | | | | | | | | | | | | | | | | | || | | | | | || | |

|
| || || || || |
|| |||
|| | |

| || | || || | | ||| |
| ||| | | |||
| | | | || |

| | | | |
|

| | ||
| | | | |
| | | | | | | | | | | | | | |
| | | | | | | |
| || ||| |
||||| |
|

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++
+++++++++++++

++++++++
+++++
+++++++++++++++++
++++++++++++++++++++
+++++++++++++++++
+++++++++++++++++++++++
+++++++++++
+++++++++++++++++++++++++++
++++++++++++
+++++++++++++
++++++++++++++
++++

rsrsrsrsrsrsrsrsrsrsrsrs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs

rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rsrsrs rsrsrsrsrs rsrs rsrs rsrsrsrsrs rsrs rsrsrs rsrsrsrsrs rsrsrsrsrs rsrsrs rsrsrsrsrsrsrsrs rsrsrs rsrsrs rsrsrs rsrsrsrsrs
rsrsrsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rs rsrs rs rsrs rs rs rs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrsrs rsrs rs rsrsrs rsrs rsrs rsrs rsrs rs rs rsrs rs rs rsrs rs rsrsrs rsrsrs rsrs rs
rs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs
rsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rs rs rsrs rsrs rs rsrs rs rsrs rsrs rs rs rsrs rsrs
rsrsrs rsrs rsrs rsrs rsrsrs rsrsrsrs rsrs rsrsrs rsrs rsrsrsrsrsrs rsrs rsrsrs
rsrsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rs

++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++++++++

+
++++++++++++++++++++++++++++++++

++++++++++++++++++
++++++++++++++++++++++

++++++++++++++
++++++++++++

+++++++++
+++++++++++++++++++

+++++++++
+++++++++++
++++++
+++++++++++++++++++++++++

+++++++
+++++++
+++
+++++++
++++++++
+++++++++
+++++++
++

bcbc bcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbc bcbc bcbcbc bcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bcbcbcbcbc bcbcbc bcbcbcbcbc bcbcbcbcbcbcbcbc bcbcbcbc bcbcbcbc bcbcbcbcbcbc bcbcbcbcbc bcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbc bcbc bcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbc bc bc

bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc

bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbc bc bcbc bc bc bc bc bcbc bc bcbc bcbc bcbcbc bc bc bc bcbc bcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbc bcbcbcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bc bc bc bc bc bcbc bcbc bcbc bcbcbcbcbcbcbc
bcbcbcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbc

qq q q q qq q q q q q
q q q q q q

q q

q
q q

q

q

u u u u u u u u u u
u u u u u u u

u u u u u u
u
u
u
u

u

u

q q q q q q q q q q q q q q
q q

q
q

q

q

rsrsrsrsrsrsrsrsrsrsrsrs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs

rs rs rs rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rs rs rsrsrs rsrs
rsrsrs rsrs rsrs rsrsrsrsrs rsrs rsrsrs rsrsrsrsrs rsrsrsrsrs rsrsrs rsrsrsrsrsrsrsrs rsrsrs rsrsrs rsrsrs rsrsrsrsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rs rsrs rs rsrs rs rs rs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrsrs rsrs rs rsrsrs rsrs rsrs rsrs rsrs rs rs rsrs
rs rs rsrs rs rsrsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs
rsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rs rs rsrs rsrs rs
rsrs rs rsrs rsrs rs rs rsrs rsrs rsrsrs rsrs rsrs rsrs rsrsrs rsrsrsrs
rsrs rsrsrs rsrs rsrsrsrsrsrs rsrs rsrsrsrsrsrs rsrs rsrs rsrs rsrs rsrsrsrs
rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rs

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

-0,1
-0,2

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0-0,2

Déplacement relatif (cm)

E
ffo

rt
tr

an
ch

an
t/n

or
m

al
(k

N
/k

N
)

0

0

q

u

q

bc

rs

| || || || || ||| || ||| || ||| || |||| ||| | || | || || ||| || | || | || | || ||| | || | || |||| || || | || ||| | || | || | ||| || | |||| || || ||| || |||| | ||| | ||| | | | |||| |
||| | | | || || | |||||| || |

||| ||||| |
|| | ||| || || || | ||| || |||

|| | ||||| || | | || ||| | | | | || || | |||| | || ||| || | | || | || ||| || ||| | ||| | ||| |||| || || | | | ||| | | || || | || | | | | | | | |||| | || | || || | | | | ||| || | ||

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++
+++++++++++++++++++++++++
++++++++++++++++++++++
++++++++++++++++++
+++++++++++++++++
++++++++++++++++++++++++++

+++++++++++++++
++++++++++++++++++

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

rs rsrsrsrs rsrs rsrsrsrsrsrsrs rsrsrs rsrs rsrs rs rsrs rsrs rsrsrs rsrsrs rsrs rsrs rsrs rsrsrs rsrsrsrs rsrsrs rsrsrs rsrs rsrsrsrs
rsrs rs rsrs rsrs rsrs rsrsrs rsrs rsrs
rsrs rsrsrsrs rs rsrs rsrs rsrs
rs rsrsrs rs rsrsrs rsrsrs rs
rs rsrsrsrs rs rsrsrs rs
rsrsrsrs rsrsrs rs rs
rsrs rsrsrs rsrs rs
rs rsrsrs rs rsrsrs rs
rs rsrs rsrsrsrs rs rs
rs rsrs rs rsrs rs rs rs
rsrs rs rs rs rs rsrs rs
rsrs rs rs rs rs rsrs rsrsrsrs rsrsrs rsrs rsrs rs rsrs rsrsrs rsrs rsrsrs rsrsrsrs rsrs rs rsrs rsrsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rsrs rs rsrs rs rs rsrs rsrsrs rs rsrsrs rsrs rsrsrs rsrsrs rsrsrsrsrsrs rsrs rsrs rs rs rsrsrsrsrsrs rsrs rsrsrs rs rsrsrsrs rs rsrs rsrsrsrs rsrs rs rsrsrs rsrsrsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rs
rsrs rsrs rsrsrs rs rsrs rsrs rs rs rs rsrs rsrs rs rsrsrs rsrs rs rs rs rs rsrsrs rsrs rsrs rsrs rsrs rs rs rsrs rs rs rs rs rsrs rs rs rs rs rs rs rsrs rsrs rsrs rs rsrs rsrs rs rs rsrs rsrs rsrs rsrs rs rsrsrs rsrs

rsrs rsrs rsrs rsrs rs rs rs rsrs rs rs rsrs rsrs rsrs rs rs rsrs rs rs rsrs rsrs rsrs rs rs rsrs rs rs rsrs rs rs rsrs rsrs rs rs rs rs rs rs rs rs rs rs rs rs rsrs rsrs rsrsrs rs rsrs rsrs rsrs rsrs rsrsrs rs rs rsrs rsrs rsrs rsrs rsrsrs rsrs rsrs rsrsrs rs rsrs rsrs rs rs rsrs rsrs rs

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++
+++++++++++++
+++++++++++++++
+++++++++++
++++++++++
++++++++++
+++++++++++++++++++++

+++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++

bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc
bcbc bc bcbcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbc bcbcbc bcbcbcbcbcbcbcbcbcbc bcbcbc bc
bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbc bcbcbcbc bcbcbcbc bcbcbcbcbcbcbc bc bcbcbc bcbcbc bcbcbc bcbc bcbcbc
bcbc bcbcbcbcbcbc bcbcbcbc bcbcbc bc
bcbc bcbcbcbcbcbcbcbcbcbc bcbcbc bcbcbc bcbc
bc bcbc bcbc bc bc bc bc bcbcbc bc bcbc bc
bcbc bcbc bc bc bc bc bcbc bc bc bcbc bc bc
bcbc bc bc bc bc bc bc bc bc bc bcbc bc bc bc bc bcbcbc bcbc bc bcbcbc bcbcbc bc bcbcbcbc bc bcbc bcbcbcbc bcbc bcbc bcbcbcbc bcbcbcbcbcbc bcbc bcbc bcbc bcbcbcbc bcbc bcbc bcbcbcbc bc bcbc bc bcbcbc bcbc bcbcbcbcbcbcbcbcbcbcbcbc bcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbcbc bcbc bcbc bc bc bc

bc bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bc bc bc bc bc bc bc

bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc

qq q q
q q q q
q q
q q q q
q q
q q
q q q q q q

u
uu uu u
u u u
u u u u u
u uu u u
u u u u
u u u u

u u u

q

q
q q q
q q q
q q q
q q q q q
q q q

MURS DE SOUTÈNEMENT A-S. COLAS 20/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Bilan des expérimentations

Caractéristiques des matériaux (indice des vides du mur)

Déformation plane du mur
Validation du critère de résistance de la maçonnerie

pertinence de l’homogénéisation
influence de l’irrégularité des blocs

Validation de la ligne de rupture interne dans le mur

Validation de la rupture du mur en renversement/glissement

0,2
0,4
0,6
0,8
1,0
1,2
1,4
1,6
1,8
2,0

-0,2
0,1 0,2 0,3 0,4 0,5 0,6-0,1
Excentricité relative k

A
ng

le
de

ro
ta

tio
n

du
m

ur
θ

(˚
)

0

0

| |
|

| | | |
| | | |
| | | | |
|

|
|

| | | |
|

| |
| | | |
|

|
|

| | |
|

|
|

| |
|

|
|

| |
| |

|
| |

|
| || |
|

|
|

| |
|

| |
| |

|
|

|
| | |
| | | | | |
|

| |
| |

|
| |

| |
|

| |
| |

| | |
| | | | |
|

| |
| | |

||
| | | |
| | | |

| |
| | |

| |
| | | |

| | |
| | | | | | |
| | | | | | | | | |
| | | |
| | | | | | | | | | | | | | | | | | | | | | || | | | | | || | |
|

| || || || || |
|| |||
|| | |

| || | || || | | ||| || ||| | | |||
| | | | || |

| | | | |
|

| | ||
| | | | |
| | | | | | | | | | | | | | |
| | | | | | | |
| || ||| |
||||| |
|

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++++++++++++++++
++++++++++++

+++++++
++++
++++++++++++++++++++++++
+++++++++++++
+++++++++++++++++++++++++++++++
++++++++++++++++++++
+++++++++++++++++++++++++++++++
+++++++++++++++++++++
++++++++++++++
++++

rsrsrsrsrsrsrsrsrsrsrsrs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs

rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rsrsrs rsrsrsrsrs rsrs rsrs rsrsrsrsrs rsrs rsrsrs rsrsrsrsrs rsrsrsrsrs rsrsrs rsrsrsrsrsrsrsrs rsrsrs rsrsrs rsrsrs rsrsrsrsrs
rsrsrsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rs rsrs rs rsrs rs rs rs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrsrs rsrs rs rsrsrs rsrs rsrs rsrs rsrs rs rs rsrs rs rs rsrs rs rsrsrs rsrsrs rsrs rs
rs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs
rsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rs rs rsrs rsrs rs rsrs rs rsrs rsrs rs rs rsrs rsrs
rsrsrs rsrs rsrs rsrs rsrsrs rsrsrsrs rsrs rsrsrs rsrs rsrsrsrsrsrs rsrs rsrsrs
rsrsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rs

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+
++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++
++++++++++++

+++++++++++++++++++++
+++++++++++++++++++

+++++++++
+++++++++++
+++++++++
++++++++++++++++++++++

++++++++++++++
+++++
+++++
++++++++
+++++++++
+++++++
++

bcbc bcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbc bcbc bcbcbc bcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bcbcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bc bc bc bcbcbcbcbc bcbcbc bcbcbcbcbc bcbcbcbcbcbcbcbc bcbcbcbc bcbcbcbc bcbcbcbcbcbc bcbcbcbcbc bcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbc bcbc bcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bc bc bc bc bc bc bc bc bc bc bc bc bc

bc bcbc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc

bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bcbc bc bcbc bc bc bc bc bcbc bc bcbc bcbc bcbcbc bc bc bc bcbc bcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbc bcbcbcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bc bc bc bc bc bcbc bcbc bcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bc
bcbcbcbcbcbcbcbcbc

qq q q q qq q q q q q q q q q q q
q q

q
q q

q

q

u u u u u u u u u u u u u
u u u u

u u u u u
u
u
u
u
u

u

u

q q q q q q q q q q q q q q
q q

q
q

q

q

rsrsrsrsrsrsrsrsrsrsrsrs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs rs

rs rs rs rs rs rs rs rs rs rs rs rs rs
rs rs rs rs rs rs rs rsrsrs rsrs
rsrsrs rsrs rsrs rsrsrsrsrs rsrs rsrsrs rsrsrsrsrs rsrsrsrsrs rsrsrs rsrsrsrsrsrsrsrs rsrsrs rsrsrs rsrsrs rsrsrsrsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rs rsrs rs rsrs rs rs rs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrsrs rsrs rs rsrsrs rsrs rsrs rsrs rsrs rs rs rsrs
rs rs rsrs rs rsrsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrs
rsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rs rs rsrs rsrs rs
rsrs rs rsrs rsrs rs rs rsrs rsrs rsrsrs rsrs rsrs rsrs rsrsrs rsrsrsrs
rsrs rsrsrs rsrs rsrsrsrsrsrs rsrs rsrsrsrsrsrs rsrs rsrs rsrs rsrs rsrsrsrs
rsrs rsrs rsrs rsrs rsrs rsrs rsrsrsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rs

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

-0,1
-0,2

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0-0,2

Déplacement relatif (cm)

E
ffo

rt
tr

an
ch

an
t/n

or
m

al
(k

N
/k

N
)

0

0

q

u

q

bc

rs

| || || || || ||| || ||| || ||| || |||| ||| | || | || || ||| || | || | || | || ||| | || | || |||| || || | || ||| | || | || | ||| || | |||| || || ||| || |||| | ||| | ||| | | | |||| | ||| | | | || || | |||||| |
| | ||| |||||
||| | ||| || |
| || | ||| || ||| ||
| ||||| || | | || ||| | | | | || || | |||| | || ||| || | | || | || |||

|| ||| | ||| | ||| |||| || || | | | ||| | | || || | || | | | | | | | |
||| | || | || || | | | | ||| || | ||

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++
++++++++++++++++++++++
++++++++++++++++++++
++++++++++++++++++++
+++++++++++++++++++
+++++++++++++++++

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

rs rsrsrsrs rsrs rsrsrsrsrsrsrs rsrsrs rsrs rsrs rs rsrs rsrs rsrsrs rsrsrs rsrs rsrs rsrs rsrsrs rsrsrsrs rsrsrs rsrsrs rsrs rsrsrsrs rsrs rs
rsrs rsrs rsrs rsrsrs rsrs rsrs rsrs rs
rsrsrs rs rsrs rsrs rsrs rs rsrsrs rs
rsrsrs rsrsrs rsrs rsrsrsrs
rs rsrsrs rs rsrsrsrs rsrs
rs rs rsrsrs rsrsrs rs
rs rs rs rsrsrs rs rsrsrs
rsrs rsrs rsrsrsrs rs rsrs
rsrs rs rsrs rs rs rs rsrs
rs rs rs rs rsrs rs rsrs rs rs rs
rs rsrs rsrsrsrs rsrsrs rsrs rsrs rs rsrs rsrsrs rsrs rsrsrs rsrsrsrs rsrs rs rsrs rsrsrs rsrsrs rsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rsrs rsrs rs rsrs rs rs rsrs rsrsrs rs rsrsrs rsrs rsrsrs rsrsrs rsrsrsrsrsrs rsrs rsrs rs rs rsrsrsrsrsrs rsrs rsrsrs rs rsrsrsrs rs rsrs rsrsrsrs rsrs rs rsrsrs rsrsrsrs rsrs rsrsrsrs rsrs rsrs rsrs rsrs rsrs rsrsrs rsrsrs rsrs rsrsrs rs rsrs rsrs rs rs rs rsrs rsrs rs rsrsrs rsrs rs rs rs rs rsrsrs rsrs rsrs rsrs rsrs rs rs rsrs rs rs rs rs rsrs rs rs

rs rs rs rs rsrs rsrs rsrs rs rsrs rsrs rs rs rsrs rsrs rsrs rsrs rs rsrsrs rsrs rsrs rsrs rsrs rsrs rs rs rs rsrs rs rs rsrs rsrs rsrs rs rs rsrs rs rs rsrs rsrs rsrs rs rs rsrs rs rs rsrs rs rs rsrs rsrs rs rs rs rs rs rs rs rs rs rs rs rs rsrs rsrs rsrsrs rs rsrs rsrs rsrs rsrs rsrsrs rs rs rsrs rsrs rsrs rsrs rsrsrs rsrs rsrs rsrsrs rs rsrs rsrs rs rs rsrs rsrs rs

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++
++++++++++++++
+++++++++++++
++++++++++++
+++++++++++
+++++++++++
+++++++++++++++

+++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++

bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc
bcbcbcbcbcbc bc bcbcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbc bcbcbc bcbcbcbcbcbc
bcbcbcbc bcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbc bcbcbcbc bcbcbcbc bcbcbcbcbcbcbc bc bcbcbc bcbc
bc bcbcbc bcbc bcbcbcbcbc bcbcbcbcbcbc bc
bcbcbc bcbcbc bc bcbc bcbcbcbcbcbcbcbcbcbc
bcbcbc bcbcbc bcbc bc bcbc bcbc bc
bc bc bc bcbcbc bc bcbc bcbcbc bcbc
bc bc bc bc bcbc bc bc bcbc bc bc bcbc bc
bc bc bc bc bc bc bc bc bcbc bc bc bc bc bcbcbc bcbc bc bcbcbc bcbcbc bc bcbcbcbc bc bcbc bcbcbcbc bcbc bcbc bcbcbcbc bcbcbcbcbcbc bcbc bcbc bcbc bcbcbcbc bcbc bcbc bcbcbcbc bc bcbc bc bcbcbc bcbc bcbcbcbcbcbcbcbcbcbcbcbc bcbcbcbcbc bcbcbcbcbcbcbcbcbcbcbcbcbc bcbcbcbc bcbc bcbc bc bc bc

bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bc bc bc bc bc bc

bc bc bc bc bc bc bc bc bc bc bc bc bc bc
bc bc bc bc bc bc bc bc

qq q q
q q q q
q q
q q q q
q q
q q
q q q q q q

u
uu uu u
u u
u u u u u
u u uu
u u u u
u u u

u u u u u u

q

q
q q q
q q q
q q q
q q q q q
q q q

MURS DE SOUTÈNEMENT A-S. COLAS 20/26



CONTEXTE MODÈLE CARUP MODÈLE PHYSIQUE EXPÉRIMENTATION ÉCHELLE 1 CONCLUSIONS

Validation du modèle

Confrontation résultats théoriques et expérimentaux :
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Conclusions

Modèle de calcul à la rupture :

modèle rigoureux et pragmatique
formulation analytique ou numérique
validé par l’expérimentation

Domaine d’application :

dimensionnement de structures neuves
ex : abaques des règles profesionnelles pierre sèche

évaluation d’ouvrages existants
dimensionnement de réparations
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Perspectives

Amélioration et généralisation du modèle

développement de l’approche numérique
mise en place d’un modèle et d’une campagne expérimentale 3D
prise en compte de chargement annexe (écoulement, sismique. . .)

Promotion de la technologie

participation à la règlementation
appui au développement de la formation
analyse développement durable
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