
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright © (2010) by P.W.R.I. 

     All rights reserved. No part of this book may be reproduced by 

any means, nor transmitted, nor translated into a machine language 

without the written permission of the Chief Executive of P.W.R.I. 

 

 



 

 

 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 
 
 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 
 

 
 

 
 
 
 

 
 

 
 
 
 
 

 
 

 
 

 
 

 
 
 
 

  
 
 

 
 

 
 
 

 
 

 
 
 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

















5 
 

 

 

 

 

  



 6

2)  

 
3)4)

 

 
 

















  
 

 
 

 
 

 

 
 

 
 

 
 

 
D

ru
ck

er
-P

ra
ge

r
 

M
oh

r-C
ou

lo
m

b
 

M
oh

r-C
ou

lo
m

b
 

D
ru

ck
er

-P
ra

ge
r

 
M

oh
r-C

ou
lo

m
b

 

 
IS

N
A 

D
IF

 
FL

AC
 

M
F 

U
D

EC
 

  
1m

 
5m

 

5m

1m
 

 

1m
 

 

 

 

 

10
0m

1m
 

10
0m

 
30

0m
m 30

0m
m

 
1m

 
  

 

 

 
 

 

 
 

 
 

 
70

%
10

0%
2

 

 
0.

5D
1.

0D
1.

5D
2.

0D
3.

0D
5

 

 
3

 

14





 

16



 17

Drucker Prager Mohr Coulomb

Mohr Coulomb
 

 
  

 
  

    

 
  

  

 Drucker-Prager Mohr-Coulomb Drucker-Prager Mohr-Coulomb Mohr-Coulomb 

 ISNA DIF MF FLAC UDEC 

    
(Mohr-Coulomb)   

(Mohr-Coulomb)

 



 18

     
DP  

 
MC     

 

 t kN/m3      
        

 c kN/m2      
        

 E MPa      
 t kN/m2 1 1 1 2 3 

   4 5 5 4 4 

 

 t kN/m3      
        

 c kN/m2      
        

 E MPa      
 t kN/m2 1 1 1 2 3 

   4 5 5 4 4 

 

 kn kN/m   6   
 ks kN/m   6   

 kn kN/m3     6 
 ks kN/m3     6 

        
 c kN/m2      

 
c  

 
 

0  
 

 

*DP Drucker-Prager MC Mohr-Coulomb  

 

  
DP  

 
MC     

 
      
      

      

 

      
      
      

      

 
      

      
      



 19

FEM

c �

Drucker Prager

0, �� ijij f� 2.1  

ij� if  

 

� 	 2/,, ijjiij uu ��
 2.2  

ij
 iu  

 

� 	vp
klklijkl

e
klijklij CC 


� ��� 2.3  

ijklC e
kl
 vp

ij


 

ijklC Hooke E �



 20

 

� 	 �

�

�
�
�

�
��

�
� klijjkiljlikijkl

EC ��
�

�����
� 212

1
1

2.4  

vp
ij
 Perzyna

 

� 	 � 	��
�

��
 kl
kl

vp
kl

gF �
�
�

�� 2.5  

� 	
0;
0;

0 �
�

�
�
�

�
F
FF

F�  

� F g  

Drucker Prager F  

� 	 03 2 ���� ���� JF m 2.6  

�

��
2tan129

tan
�

�
�

�
2tan129

3
�

�
c    

m� 3/ii� 2J 2 2/ijij ss ijs

ijmij ��� � � � c �  

g  

� 	 03 2 ��� Jg m��� � 2.7  

,
tan129

tan
2 �

���

�
�  

� �� � �� �  

 
 

� 	 0, �� 
v

iijij dVvf ��� �� 2.8  

ijij Tn �� �� ii uu � Gauss

 



 21

0,, ����     
v

ii
s

ii
v

jiklijkl
v

jiklijkl dVvfdsvTdVvCdVvC ������� �����

�

2.9  

 

kN iu! k
iU!

k  

k
i

k
i UNu !�! 2.10  

 

� 	 � 	 � 	 � 	dsTNdVfNdVtDBUdVDBB
n

s

T

n
v

T

n
v

T

n
v

T
e

eee
" " " " !�!�!�!

�

�    

2.11  

B D  

Drucker Prager FEM
E � # c �

� �

 

N

 

Drucker Prager FEM

 

FEM
 



 22

 

DACSAR 6 Dif
DACSAR DACSAR FEM

FEM

 
FEM

FEM

FEM
 

DACSAR

 
Mohr Coulomb

Cu Cu 0

 

Mohr Coulomb
E0 E=1/1000E0



 23

5

 
Mohr Coulomb

Mohr Coulomb
Mohr Coulomb

FEM
Mohr Coulomb

Mohr Coulomb

 

 



 24

 

 
 

 

��
�

�$
�

�$
�

x xy zx

x y z
X� � �  

�$
�

��
�

�$
�

xy y yz

x y z
Y� � � 2.12  

�$
�

�$
�

��
�

zx yz z

x y z
Z� � �  

 
 

 

 

x
xu

x
 �
�

� y
yu

y

�
�

� z
zu

z
 �
�

� 2.13  

#
�
�

�
�xy

y xu
x

u
y

� � #
�
�

�
�yz

z yu
y

u
z

� � #
�
�

�
�zx

z xu
x

u
z

� �  

ux,uy,uz x,y,z  

 
 

� % 
 � 
x x� & � &2 $ � #xy xy� &  
� % 
 � 
y y� & � &2 $ � #yz yz� & 2.14  

� % 
 � 
z z� & � &2 $ � #zx zx� &  
 = 
 
 
x y z� �  

 

 

% �
� �

�
&

� �
E

( )( )1 1 2
 �

�
�

�
E

2 1( )
   E �  





 26

2.14 2.13 2.12
 

2.16
2.16 ux uy

uz  
2.16

2.14 2.13 2.15 2.14
’x ’ y etc

 

 

( )% � �

�

� �
�

� � ' � �
x

u u
xx

2 0  

( )% � �

�

� �
�

� � ' � �
y

u u
yy

2 0 2.17  

( )% � �

�

� �
�

� � ' � �
z

u u
zz

2 0  

 

 
2.17  
2.17 2.14 2.14

  x y z    ’x ’y ’z    x x  = ’x  + u
y z 

’xy etc
 

2.17
ux uy uz u 2.17

 

 
�

� #t

k u
w

� '2 2.18  

  k  

 



 27

 
2.17 2.14

 
2.15

2.15 2.18  

[ D ]  
[ D ]  

 
( ) * +( )� 
� D 2.19  

 

( )�

�
�

�
$

$

$

�

�

�

,
,
,,

�

,
,
,
,

-

.

,
,
,,

/

,
,
,
,

'
'
'

x

y

z

xy

yz

zx

( )









#

#

#

�

�

�

,
,
,,

�

,
,
,
,

-

.

,
,
,,

/

,
,
,
,

x

y

z

xy

yz

zx

 

 
A

Ke  

 
( ) * +( )f K ue e e� 2.20  

( )f e ( )ue  

 

( ) ( )f

f
f
f
f
f
f
f
f

u

u

u

u

u

e

xi

yi

xj

yj

xk

yk

xl

yl

e

i

i

j

j

k

k

l

l

�

�

�

,
,
,
,
,

�

,
,
,
,
,

-

.

,
,
,
,
,

/

,
,
,
,
,

�

�

�

,
,
,
,
,

�

,
,
,
,
,

-

.

,
,
,
,
,

/

,
,
,
,
,

,

v

v

v

v

 



 28

 

k 

j 

l 

i 

 

 

ui 

vi 

x 

y 

 

B 2.20
 

f
f
f

f
f

f
f

K K K K
K K K K
K K K K

K K

x

y

x

xi

yi

xn

yn

i n

i n

i n

i i

1

1

2

11 12 1 1 2

21 22 2 2 2

31 32 3 3 2

2 1 1 2 1 2

�

�

�

�

�

�� ���

�� ���

�� ���

� � �

� � �

�

�

,
,
,
,
,
,
,
,

�

,
,
,
,
,
,
,
,

-

.

,
,
,
,
,
,
,
,

/

,
,
,
,
,
,
,
,

�
� �

,

,

,

, , � ��

� ��

� � �

� � �

� � �

� ��

� ��

K K
K K K K

K K K K
K K K K

i i i n

i i i i i n

n n n i n n

n n n i n n

2 1 2 1 2

2 1 2 2 2 2 2

2 1 1 2 1 2 2 1 2 1 2

2 1 2 2 2 2 2

� �

� � � �

0

1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3

4

5
5
5
5

, ,

, , , ,

, , , ,

, , , ,

5
5
5
5
5
5
5
5
5
5
5
5
5
5

�

�

,
,
,
,
,
,
,
,

�

,
,
,
,
,
,
,
,

-

.

,
,
,
,
,
,
,
,

/

,
,
,
,
,
,
,
,

u

u

u

u

i

i

n

n

1

1

2

v

v

v

�

�

�

�

�

2.21  

n  



 29

2.21 K 
2.21 n n

 
 

 
f K u K K u

K u K
x

i n n

1 11 1 12 1 13 2

1 2 1 1 1 2 2

� & � & � & �
� & � � &�

v
v

��

��, ,
2.22  

 

f K u K K u
K u K

y

i n n

1 21 1 22 1 23 2

2 2 1 1 2 2 2

� & � & � & �

� & � � &�

v
v

��

��, ,

2.23  

 

 

 
f fx y1 10 0� �,  

 
u1 0� , v1 = 0 f fx y1 1,  

2.21 n n
 

C 2.21
 

2.21
 

 
2.22 , 2.23 u1 0� , v1 = 0 u1 , v1  

 

 

[ Ke ]  





 31

 
i j k l 2.24 1 8 2.25 x

y xy uix uiy uly  
a b 1 8  

�

�
�
�
�
�
�

�

1

2

3

4

5

6

7

8

1
4

0 0 0
0 0 0
0 0 0

1 0 1 0 1 0 1
0 0 0 0
0 0 0 0
0 0 0 0
0 1 0 1 0 1 0

0
0
0
0

�

�

,
,
,
,
,

�

,
,
,
,
,

-

.

,
,
,
,
,

/

,
,
,
,
,

�

� �
� �

� �

�
� �

�

0

1

2
2
2
2
2
2
2
2
2
2
2

�
ab

ab ab ab ab
b b b b
b b b b

ab ab ab
a a a
a a a

ab
a
a

u
u
u
u
u
u
u
u

ix

iy

jx

jy

kx

ky

lx

ly
�

3

4

5
5
5
5
5
5
5
5
5
5
5

&

�

�

,
,
,
,
,

�

,
,
,
,
,

-

.

,
,
,
,
,

/

,
,
,
,
,1

2.27  

 
2.25 x y xy  

 

( ) ( )

* +( )


 ��
0

1

2
2
2

3

4

5
5
5

�

0 1 0 0 0 0 0
0 0 0 0 0 0 1
0 0 1 0 1 0

y
x

x y

B ue

 2.28  

 

* +B
ab

b y b y b y b y
a x a x a x a x

a x b y a x b y a x b y a x b y
�

� � � � � �
� � � � � �

� � � � � � � � � � � � �

0

1

2
2
2

3

4

5
5
5

1
4

0 0 0 0
0 0 0 0  

 

 
 [ D ]  

 
( ) * +( ) * +* +( )� 
' � �D D B ue 2.29  

 

( )�
�
�

#

'
'
'�

�

�
,

�
,

-

.
,

/
,

x

y

xy

 



 32

 
’ 2.12

 

 

( ) ( )� �

�
�
�

#

� � &
�

�
,

�
,

-

.
,

/
,

�

�

�
,

�
,

-

.
,

/
,

'

:

u

u
x

y

xy

1
1
0

2.30  

2.24  

( ) * +* +( )� � � &
�

�
,

�
,

-

.
,

/
,

D B u ue

1
1
0

 

 

 
( )f e

( )ue  

 

( ) ( )( )

* + * +* + ( )

* +

f d

B D B d u

u L d

e e

e

T

e

e

�

� &

�

 
 
 

� 
 v

v

v

( )

'

 

 

* + * +L B

b y
a x
b y
a x
b y
a x
b y
a x

T' �
�

�
,

�
,

-

.
,

/
,

�

� �
� �

�
� �

�
�

� �
�

0

1

2
2
2
2
2
2
2
2
2
2
2

3

4

5
5
5
5
5
5
5
5
5
5
5

1
1
0

 

 



 33

 
 

 
( ) * +( ) * +f K u L ue e e� � &' 2.31  

* + * + * +* +
* + * +

K B D B d

L L d

e e

T

e

'

'

�

�

 
 

v

v
 

 
2.31

 

 

( )( )

* + ( )

* + ( )

V d

d

L d u

L u

xe y

e

e

T
e

T
e

� �

�

�

�

 
 
 

( )

( ' )


 





v

v

v

1 1 0
2.32  

 
V 2.31 2.32

 

 

f
V

K L
L

u
u

e e
T

e�
�
�

-
.
/

�
0

1
2

3

4
5
�
�
�

-
.
/

'
0

2.33  

 
2.12 V

2.33  
2.18  

 

 


#6
t t t

t
k u� � � � '!

!
2 2.34  



 34

 

 

3 CU
 

 

 
Mohr Coulomb

Mohr Coulomb
2  

1 3 E50



 35

N N

 

0.45 0.3
1/3 1/3 0.5

Ki
Ki K0

Ki
 

Mohr Coulomb

3  

 

 

 



 36

 
FEM  

FEM  
200  

5 1000
2 FEM

10 3 FEM

 
FEM FEM

FEM
 

 
 



 37

ITASCA FLAC2D/3D
FLAC2D/3D

Updated Lagrangian
FLAC

 
FLAC2D/3D  

FEM 

2 3
FEM

10m

FLAC2D/3D
7)

FLAC2D/3D

FLAC2D/3D  







 40

C

qu

C

qu

 
 

� 	�� sin1cos2 �&&� cqu 2.39
� 	105ut q�� 2.40  

 

FLAC2D/3D  

 
Interface

 
FLAC
Mohr Coulomb Cam Clay

Hoek Brown

FISH  

 







 43

2.43
2.43

 
 

x y (u, x)  

 

    
u � a1 � b1x � c1y
v � a2 � b2x � c2y

2.45  

 
(ui, vi)( i=1,2,3) (xi, yi) (i=1,2,3)

 

    

u1

u2

u3

�

�

�
�
�

�



�
�
�

�
1 x1 y1

1 x2 y2

1 x3 y3

�

�

�
�
�

�



�
�
�

a1

b1

c1

�

�

�
�
�

�



�
�
�

v1

v2

v3

�

�

�
�
�

�



�
�
�

�
1 x1 y1

1 x2 y2

1 x3 y3

�

�

�
�
�

�



�
�
�

a2

b2

c2

�

�

�
�
�

�



�
�
�

2.46  

 
2.45 2.46  

 

� 	

� 	
�
�
�



�

�
�
�

�

�

�
�
�



�

�
�
�

�

�
�

�
�
�



�

�
�
�

�

�

�
�
�



�

�
�
�

�

�
�

�

�

3

2

1
1

33

22

11

3

2

1
1

33

22

11

1
1
1

1

1
1
1

1

v
v
v

yx
yx
yx

yxv

u
u
u

yx
yx
yx

yxu
 2.47  

 

� 	
1

33

22

11

2

2

1

1
1
1

1

�

�
�
�



�

�
�
�

�

�
�

�
�
�



�

�
�
�

�

�

yx
yx
yx

yx
f
f
f T

 

 



 44

][][ ee DT

v
v
v
u
u
u

fff
fff

v
u

�

�
�
�
�
�
�
�
�



�

�
�
�
�
�
�
�
�

�

�

��


�
��
�

�
���



�
��
�

�

3

2

1

3

2

1

321

321

000
000 2.48  

 
 

 

[krs]i  

 

    

[krs ]i �
s
2

�2

�dri�dsi
[Di ]T [E][Di ] � s[Br ]T [E][Bs ]

r,s � 1,2,3

2.49  

s  
[B]  
[E]  

 

2.42 2.43  

 

i j d
 

    

; p �
p
2

d2

d �
s0

l
� [H ]T [Di ]� [G ]T [D j ]

2.50  

p  
s0  
[H],[G] x,y  

 



 45

i
[Di] j [Dj] 2.50

 

 
 
 
 
 
 
 
 
 
 

 
 

 

    

[krs ]ii � p
2

�2

�dri�dri
[Di ]T [H ]T [H ][Di ] � p[H ]T [H ]

[krs ]jj �
p
2

�2

�drj�drj
[D j ]T [G]T [G][D j ] � p[G]T [G]

[krs ]ij � p
2

�2

�dri�drj
[Di ]T [H ]T [G][D j ] � p[H ]T [G]

[krs ]ji �
p
2

�2

�drj�dri
[D j ]T [G]T [H ][Di ] � p[G]T [H ]

2.51  

 
2.50  

 

    

[f r ]i � �
ps0

2
�

�dri
[H ]T [Di ] � �

ps0

2
[H ]T

[f r ]j � �
ps0

2
�

�drj
[G]T [Di ] � �

ps0

2
[G]T

2.52  

 
 

 





 47

   

 

 
 

 
 

 
 

 

   
 

 

  

  

  

  

 

 

 
 

 

 

 
 











 52

 

 

Mohr Coulomb  

���� Nc2Nf 31 ���s 2.57  

 

3�� �� t
tf 2.58

)sin1/()sin1( ��� ���N 1� 3� �

t�  
 gs

 

��� Ng 31 ��s 2.59

)sin1/()sin1( ��� ���N �

 

Mohr Coulomb

Fkzzczm ��� ���  

Fkzzczm ��� ���



 53

Mohr Coulomb

 
3  

( )
 

 
 

 

(Kn) (Ks)
/ (F/L3)

 

10)

�>��?	
�>

�? �?



 54

 

 

 
1)  
2)  

 
 

3) 11)  
4) 12) 13)  
5)  

 
 

 

 



 55

 
1)

15)  
2) Vp

16  
3) 11

4) 17  
5)  

 

2

 
1
2

 



 56

1)  
2) 0  
3)  

 
4  

DEM FEM
UDEC

FEM FEM
 

m
cm 2  

UDEC
DEM  







 59

 
g Fg � Fg �

g 2.63  

 
� 	 � 	 ����� sin3131 ����g 2.63  

�  

 
 
 



 60

 

 

2 200
400m 1,340m 1,535m

110m2

 
 

 

 1390m  

  

  

  

 ( ) 
( 13 2 ) 

( 13 3 ) 
( 13 6 ) 

14 8  
14 8  

15 9  
15 9  

15 9  
15 9  

15 9  

 



 61

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

    

 
 
 

 
 
 

  dt1  

  dt2 50cm  

 
 
 

 

 

 Mmg 
 

 Mgt 
 

 Mdb  

 
 

Mhc 
 



























 74

B 2 25~26m
B 1

 

B

 

50%
B 1 B 2  

 
FEM

 



 75

1  
 

2 FEM  
B  

 
 

 
2

 

 

 
2  

 
3 2  

 

 
 

100%
 

 
3  

FEM

 
 

 
 
 

 

 



 76

4  
xy

 

0  
 

 

 

 



 77

A  

H
 

H

G
 

H 

G  Gf f 
 

 
G Gf  

 f  

B C  

 
 



 78

5  

 

 

 

mhc

dt

 

 

3027

2959

 

 







 81

 

 
 

 

 

 

 





 83

 

7  

 

 
 

5

 

 

 
 











 88

8  

 
 

15% 5% 15%
 

 
9  

 

 













 94

20 25mm

1 2

 

 



 95

 













 101

1

 

 
 

 
 

3  

 





 103

 
Case1   
Case2   
Case3   

 (MN/m2) (kN/m2) (kg/m3)
8820 0.3 2400

 22000 0.3 2400

  (kN/m2) 
 25 14.7 
 25 14.7 

 25 14.7 
 50 0.0 

 50 0.0 

   
 200 MN/m

  200 MN/m
 0.01

  550

  Case1 Case2 Case3

  1 449 1 449 1 449

  

500 
( )

500 
( )

500 524

  525

  525 549

  550

  501 550 501 550 550

 











 108

STA76+49.9

V1
V3 V4 V5

H1 H2

Case2 Case1
Case3

 (mm) (mm) (mm) (mm) (mm) (mm) (mm)
 23.9 32.8 45.7 48.9 23.3 41.9 15.7
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1.0
 

(dt)
(dt)  

2  
 

FLAC SSRM
100

 
 

30
200m 50m

50 (dt) 1
(CL) 2 2

1.0D D

1.0D
 

 
3 (dt)  

 
1
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11

 

 

t (kN/m3) c (kN/m2)  ( )  E (MPa)

1 (dt) 18.0 0.35 50 

2 (CL) 22.0 500 40 0.3 500 

1  

c (kN/m2)  ( ) t (kN/m2) 1

Case1 10 20 5.7 

Case2 10 25 6.3 

Case3 20 20 11.4 

Case4 20 25 12.6 

Case5 30 20 17.1 

Case6 30 25 18.8 

1  
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1

qu 1/(5 10)  

 
 

case4
Case6 1.04 1.15

1   

 

 

c (kN/m2)  ( ) t (kN/m2)

Case1 10 20 5.7   

Case2 10 25 6.3   

Case3 20 20 11.4   

Case4 20 25 12.6  1.04 

Case5 30 20 17.1   

Case6 30 25 18.8  1.15 

 
 

qu / 2 = (c cot( )+ qu /2) sin( ) 

qu = 2 c cos( ) / (1-sin( )) 

t =  qu / (5~10) 
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1.60

 

 

Case4 Case6
100 120mm, 60 80mm
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Case4, 
Case6

1  

 

 

 
 

Case4 Case6
1 2

 

 

 

Case4 Case6
Case4 Case6
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Case4
 

Case4

t (kN/m3) c (kN/m2)  ( ) t (kN/m2)  E (MPa)

1 (dt) 18.0 20 25 12.6 0.35 50 

2 (CL) 22.0 500 40 428.9 0.3 500 

4 Case4
Case4

1
 

D
2
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 25680 (zone ) 
zone 1m 1m 

 2 18  
(25,746steps) 

4 29  
(50,103steps) 

2 11  
Pentium D 3.2GHz 
3.5GB RAM   

 168.5mm 180.7mm 12.2mm 
2 

Node No. (297,68) 
-1.65mm 0.26mm -4.0mm -2.27mm -2.35mm -2.53mm 

2 
Node No. (282,55) 

-1.46mm -0.20mm 1.58mm 2.52mm 3.04mm 2.72mm 

2 
Node No. (311,55) 

-1.04mm 0.77mm -1.34mm -3.65mm -0.3mm -4.42mm 

2 
Node No. (116,78) 

-71.46mm -20.69mm -79.5mm -33.0mm -8.04mm -12.31mm

( ) ( )  
( ) ( )  

 2  

  FLAC (Version 5.00)        

LEGEND

   18-Jul-07   0:54
  step     50103
  8.481E+01 <x<  1.429E+02
  3.194E+01 <y<  9.008E+01

Grid plot

0  1E  1      

Displacement vectors
max vector =    1.306E-01

0  2E -1      

 3 500

 4 500

 5 500

 6 500

 7 500

 8 500

(*10^1)

 0 900  1 000  1 100  1 200  1 300  1 400
(*10^2)

JOB TITLE : Displacement Vetors                                                             

Kajima Corporation               
Tokyo, Japan                     
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5 2

3 1 (dt) 1
D

2   
2

2
NEXCO(JH) DII E

R1, 
R2 2

c 50, 100, 200kN/m2 3
E 50, 

100, 150kN/m2 30
2

 

20

 
21  
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4
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0.5D 1.0D D 2

 
3

 
DII E

100

30% 60%
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2   

 
 

1 c (kN/m2) t (kN/m2) 1 E (MN/m2) 

Case7-10D U 

DII 200 138.6 150 

1.0D 

 

Case7-10D C 

Case7-10D L 

Case7-05D U 

0.5D 

 

Case7-05D C 

Case7-05D L 

Case8-10D U 

E-1 100 69.3 100 

1.0D 

 

Case8-10D C 

Case8-10D L 

Case8-05D U 

0.5D 

 

Case8-05D C 

Case8-05D L 

Case9-10D U 

E-2 50 34.6 50 

1.0D 

 

Case9-10D C 

Case9-10D L 

Case9-05D U 

0.5D 

 

Case9-05D C 

Case9-05D L 

1  

 

6

3
 

1.0D
0.5D

2 3
 

1
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DII Case7 10D C Case7 05D C

 
E 1 Case8 10D C Case8 05D C 1

1.0D
0.5D

 
E 2 Case9 10D C Case9 05D C

1.0D 0.5D
 
DII 15 20mm E 1 100 120mm

E 2 1.0D Case9 10D C 325.5mm
0.5D Case9 05D C 578.9mm 2

(1/3)

Case9 10D C
80mm

 
E 2 0.5D

Case9 05D U

Case9 05D C
1

0.5D
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2
3 1.0D 3
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1
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E 2 0.5D
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Case7 DII Case9 E 2

2

Case9 E 2

 

Case9 E 2 0.5D 1.0D
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2  

E 2
0.5D 1.0D

 
1 2

3
1

2
 

 

 c (kN/m2)  ( ) E (MN/m2)  

DII 200 30 150 DII 

E 1 100 30 100 
E 

E 2 50 30 50 

 
2 3

DII Case7

 
1
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7  
2 E 2

500mm
E 2 2 D E1

150 kN/m2 120MPa  
1 2

t (kN/m3) c (kN/m2)  ( ) t (kN/m2)  E (MPa)

1 (dt) 18.0 20 25 12.6 0.35 50 

 

2  

 

22.0 

200 

150 

100 

 

30 

138.6 

69.3 

34.6 

 

0.3 

150 

120 

100 
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6
100mm
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3
(a) 6

(a) 50m  
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Case10 FR 4.3  

Case10 FX 4.3  

Case11 FR (a)  

Case11 FX (a)  

Case12 FR (b)  

Case12 FX (b)  

Case13 FR (c)  

Case13 FX (c)  

Case14 FR (d)  

Case14 FX (d)  

 
 

 
Case10 FR, Case10 FX, Case11 FR, Case11 FX

6 Case12 Case14  
c d

 

 

40mm
 

200 300 DII
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3
5

DII
3 2 CL

E=250MPa
 

6  

 
 

t (kN/m3) c (kN/m2)  ( ) t (kN/m2)  E (MPa)
 18.0 20 25 12.6 0.35 50  

 22.0 200 30 138.6 0.3 150 DII 

 22.0 500 40 428.9 0.3 

500 
E=500 4.1 4.2

CL

E=250MPa
250 

 
 

     

Case15 FR 0.5D  

500MPa  
 

Case15 FX 0.5D  
Case16 FR 1.0D  
Case16 FX 1.0D  
Case17 FR 1.5D  
Case17 FX 1.5D  
Case18 FR 2.0D  
Case18 FX 2.0D  
Case19 FR 3.0D  
Case19 FX 3.0D  
Case20 FR 3.0D  250MPa  

 Case20 FX  
Case21 FR 

2.0D  500MPa (14.4 ) Case21 FX  
Case22 FR 2.0D  250MPa (14.4 ) Case22 FX  
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2 2

50% 3.0D 100%
1.5D  
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2.0D
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2
 
1

 
 

2.0D  
 

 
DII

 
3 4

 

1
E=250MPa E=167MPa

 
 

 
1

 

5 50  
2  
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Case23, Case24                               Case25, Case26 

3
5 3

E 1 1
E=250MPa

E=167MPa  

 

t (kN/m3) c (kN/m2)  ( ) t (kN/m2)  E (MPa)

 18.0 20 25 12.6 0.35 50  

 22.0 100 30 69.3 0.3 100 DII 

 22.0 500 40 428.9 0.3 
250 

 
167 

 

 

   

Case23 
14.4  

250MPa 

Case24 167MPa 

Case25 
0.0  

250MPa 

Case26 167MPa 
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Case24

Case23 Case26
Case24

 
Case26 Case25

Case23 Case26 Case26
Case25

50 150m E=250MPa
Case25  

 
 

 
Case23 Case24 

 

Case25 Case26 
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Case23 Case24 

 

Case25 Case26 
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3
FLAC Mohr Coulomb(MC)

Mohr Coulomb
Drucker Prager(DP) 2 3

Drucker Prager
 

Drucker Prager 3

Mohr Coulomb
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Drucker Prager

Mohr Coulomb
1.0

1.0 Mohr Coulomb
 

Mohr Coulomb

Drucker Prager  
Mohr Coulomb  

 
� 	 � 	 ������ cos2sin3131 cF ����� 4.1

c

Drucker Prager  

��� ��� '3 2JF m 4.2

13
1)(

3
1 Jzyxm ���� ���� J2’ 2  

�
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��

22 tan129
3

tan129
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�
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�x �y �z �xy �yz �xz

Drucker Prager z
 

� 	
0��

��

yzxz

yxz

$$

���� 4.3

4.3
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2
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222222
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1
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J
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�
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���

�
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���

4.4

Mohr Coulomb
Drucker Prager

25° 20kN/m2 Mohr Coulomb
Drucker Prager Mohr Coulomb

Drucker Prager 0.5(�1+�2) 0.5(�1 �2)
Drucker Prager �2 �2=�1 �2=�3 �2=(�1+�3)/2
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Drucker Prager Mohr Coulomb
�2 Mohr Coulomb

Drucker Prager Mohr Coulomb
Drucker Prager  

�2 �2=(�1+�3)/2 �2=�3

Drucker Prager

Mohr Coulomb
Mohr Coulomb

 
 

 
c �

Drucker Prager �2 4.3

0.3 0.35
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0.35

C

 
Drucker Prager

0.35  

 

 
t kN/m3  

 
c kN/m2  

 
°  

  
E MN/m2

18 20 25 0.35 50 
A  

22 
200 

30 0.35 
(0.3) 

150 
B  150 120 
C  100 100 

22 500 40 0.3 250 
( ) Mohr Coulomb
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20  

 
1.05

Case

0.4mm
 

Case

1.14
Case Case

70cm
Case

15mm
 

Case Case

Case

 
 

c (kN/m2)  ( ) 

Case  13 17 1.5 

Case  0 25 1.14 

Case  0 20 1.0  

Case  1 23 1.19 
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45  
45

1.05
Case

2m
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1.05
2 Case

c (kN/m2)  ( ) 
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