gooobboooobobbgd
goooobooooon

1. oo
uobbooobboooobobooobbod
gbooboboboooobobooboooooon
goobboboooobooobboooooboogon
gobooobooobboobbooobog
gobooobooobbooboboooboog
gboboobobooobooobboooboo
gbobooobooobboobboooobooo
gbobooobooboboooboboooooo
gboboobobooobooobbooooog
godg
gboooooobooboboobooboboon
goboobobooobooobbooobog
gbobooobgoobgoboobboooboobo
gboboooobobooobooboboooooboo
gboboooboooooobobooobooboo
gboboooboooobbooobooooog
gbboobobooobooobbooooog
gbbooobooobbooobboooboog
gbbodobobooobbooobbooobod
gbooboboboooobobooboooooon
gboobobobooboobobooboooooon
gobooooobbooobobooooboboo
goboobobooobooobbuooobog
googoooboogo

2, 0J0O0O0OO0oO0oOoObUoOoooobobooo
U
uobobooobbuoobbooobbod
gbboooobbuooobboooobbod
OO0 BC R™m (ng, =1,2,3) 0000080
oooboobobod00ng UOOO0O0O0O0O0O00
ROODODOOOOOODODODOODODOD
goooooboobogn

d
/ T:(N®Vg,) A
@t(B)

—/ t-nds=0(1)
©t(0:B)

00000000000 eB)ODOODOOOJ =
detFOOOOOODOTO kirchhoft 00 O pp O O
oo0ooBOOOOOtODOOUOOgBOOOOOO
no000000b00000b0b00o0obOono

G (T5m) =

uoooooogn
goog

oog oo
oog oo
000 ()00ooo0o00o0oooooooooo

000000000000 AwOODOOODOODO
goo

d
I (Tm) + 2| oo (Teecim, Au) =0 (2)
¢ ¢=0

00000000000 gy, (151) #000000
00 (000)00000000000 (2000
000000g,, =00000000000000
00000000
000000000000000000000
0000 (I)0200000000000000
ooooooo
000000000000000000000
0000000 ¢f=pn00000000000
0000000000000000000000
0o

Bg(gw) % 873(5%)
— 1 2
"o e e ®)
061 0&2
OV(pt) _ Ov(er)
da = X dé;d 4
a ‘ a6, 3¢, &1déo (4)

00000000k =¢(X)000000000
Ubdy000000D0O00DOODOODOOD
0000 ()ocoooOooooooooooooo

A (9(er) %Wﬂ)
Lw#nﬁikm(aﬁx %Z?S%

0000000 AwOD0ODOOOOODOCOOOO
ooooooog

d
‘ / pn-n ds
dC ¢=0J OB

_ N(er) (O0v(Au)
‘p/Ag 9% ( 0%, ")
() <(9’Y(AU)
&1 082

X 77> dé1 dé

goooooooon



3. 0000 Cam-clay 000
0000000000000000000000
00 Cam-clay 00 0000000000000
00000 (1060000000000
()ooooooooo

F = F°. FP (6)
(2) 000
-3
o(p) = v (pﬁ)) (7)
(3) 0000
q=Mp (8)
(40000
2
ﬂn%m)=fﬁ+p@—pdéo 9)
(5) 00000
o AOf
&P =2 (10)
(6) 000000
—65
Pc = DPco €XP [5\_(1_5\)#} (11)

4. 0000O0O0OO0ODOOOOOOOOO
0000000000000 D00000O0OO
0000000000000000000000
0000 Cam-clay0 0000000000000
000000000000000D0000000
000000000000 0000D000000
00000000000000000

(1) 0000

OD0000000 0000000 G = 54 x
10}(kP2)00DODODO & = 25 x 1072000
OO0 AN = 14 x 10720000000 py =
50,100, 200,400(kPa) 0 400000000000
00000000 v = 1.86801.85001.83201.814
000000 M=1.000000

(2) DOODDOOODOO
0000000000000 O0OOO-A0000
OWOOO HOOOD LOOODO0000000
000000 z000000000000000
0000000000000000000000
00000000000000000000 W
L:H=10:1.0:200000

L/2 L/

kf&

X X

U-1 0ooooooog

(3) 0OOO

a) 00000000000
0-2,0-3000000 1500000000
000000000000000000000
0000000000000000000000
0000000000000000000000
000000000000000000000000
000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
ooo
0000000000000000000000
0000000000000000000000
00000000000000000

0.3100 0.4280

77777573

/7]
s

/][]

77

I
2

777

0.0000 0.0000

goog gooad

0.0202
0.0000

-0.0054

goog goog
0-3 0Dogoobooooon

-0.0154



b) O0O0O0O0OOOOOO

U-4,0-50000000000000000
goobobobooboobobooboooooon
gon

ubobobooooobDobooboobobg o4
Ubdbe 000000boboboobong
gboboooboooobobooobbooooog
gboboobobooobboobboooboog
gbbodobobooobbooobbooobod
gboogbooboboobgaaboo

gobooooobbooobobooooobooo
00000000 0000DO0O0DO0ODOO
gbobooobooboooooboboooobooboo
qUUODOD0O0O e DODO0OD0DODbOO0O0onDnDnOn
gboboooboooobooobobooooog
gboboooboooboboobobboboaobo
gbbooobooobboobbooooboog
gbbodabobooobbooobbooobod
oon

gobooboobooboooboooooboga
gbobooobooobbooobboooboo
gbooboooobboooobobooooboboo
gbobooooboooboooboboooobooo
gboboooboooobobooobbooooog
gbooooboobood

A WREAGE
® PGk
B ARG

A BRAGE
® K
B ARHEE

5 =

i -9

= <
200 =200
2

S 2

& 4

@ @

o

£ X 2

8 o g

2 5 g
F100r ¥ S 100
3 5

3 3 e S e

5 10 15 10 [ 20
axial strain ¢, (%) axial strain &, (%)

goog goog
U—4 0OO0OO00-000000

1.90 1.90
>1.85f >1.85¢ saniartatt
o™ \_\ R VPR T LT RLELLL S oo
g .. E
b L P PRRPT PR TRREY LY AL
E E
S1.80r 21.80r
A EBRAGE A BRAGE
® M E ® M E
1.75F W ARG 1.75F B ARG
0 5 10 15 20 0 5 10 15 20

axial strain &, (%) axial strain £, (%)

goog goog
U-5 OoOoo-ooboogn

200 200

deviatoric stress ¢ (kPa)

deviatoric stress g (kPa)

00| 100|

0 20 40 60 0 20 40 60
log. deviatoric strain &, log. deviatoric strain &,
ooooo ooooo

5 £
=3 <
= 200 =200f
2 2

2 g | s
@ @

o 5

= b=

g g

8 - 100,
5 5

= =

0 20 40 60 0 20 40 60

log. deviatoric strain &, log. deviatoric strain &
ooo ooooo
oooooooooooonoon
1.901 1.90)
> >
o o
£ £
= =
S 8
Z 185 2 185
o o
bz} g
& < & R
1.80) 1.80) B
0 20 40 60 0 40 60

20
log. deviatoric strain &, log. deviatoric strain &,

ooooo ooooo

specific volume v
specific volume v

0 20 40 60 0 20 40
log. deviatoric strain &, log. deviatoric strain &,

ooo ooooo

goooooooooboooon
0-6 0000 (0O0O00)

c) DOoooooo
U-ebUO-70b0bo0boboobabouoogo
boobooooboooooooon
gobboooobooobobobooooboobg
goboooboooboboooboooood
ubobooobooooboboobobobooooboogd
uboboooooooobobooobobooooobood
uboboooobooooboobooobboooobood
goo
gboboobooboboooboobooboobood



200

deviatoric stress g (kPa)

g
deviatoric stress g (kPa)
w

2
8

o

e

0 20 40 60 0 20 40
log. deviatoric strain &, log. deviatoric strain &,

ooooo ooooo

60

g

deviatoric stress g (kPa)
g

deviatoric stress g (kPa)

40

40 60 (] 20
log. deviatoric strain &,

20
log. deviatoric strain £,

ooo ooooo
oooooooooooooo
1.90} 1 1.90;
E 185% 7777777777777777777777777777777 —EL,XS 777777777777777777777777777777777777
1.80) 1.80)
0 20 40 60 0 20 40

log. deviatoric strain &, log. deviatoric strain &,
ooooo ooooo

1.90) 4 1.90)

specific volume v
specific volume v

20 40 60 0 20 40
log. deviatoric strain &, log. deviatoric strain &,

ooo ooooo

goboooboobooooo
0O-7 0000 (0O000)

gobooobooobbooobboooobooo
gboboooboooobbooobbooboog
gboooobobooobooobboooobooo
gboboooboooobobooobbooooog
gboooboooooboobogoaoo

gbooooboboooboooobooboon
gbooboboboooboobgobooboooooon
ooooooooooobooooooog

(4) 000000000000

1000

1000

1000

08 ODOOO0O-0oooogd

g-80oboobo-oboboobooooobooban
ubobooobbooobooboboooobod
U0 M=10000000000-800000
ubboogobooobboobobooobod
gooooobooboooobooooboboog
gbooboboboooboobgooboooboboon
gbobbooobooboboooob woboooon
gobooobbooobooobooooboog
goboooboboobbooobboooobood
uboboooobooboobboooboboobood
uboboooobobooboboooboboonoodgd
ubobooooboobooobobooobooooobood
ubobooobooobbooboboobooobodgd
ugbgboobobooboaboo

5. OO0
0000DO00o0ooooooooooobooooo
0000000000000 000o0oooong
000000000 (ee=03) 000000000
Jdddddddd0ooooooo sooooo
0000000000 00000 Cam-clayd 00O
0000000000000 0O0o000oooog
0 Mohr—Coulomb O 00 0 OO Matsuoka—Nakai
000000000000 O000o0oo0o0oooog
000DO0O00o0oooonog

goon

1) Borja, R. 1., Sama, K. M. and Sanz, P. F.: On the
numerical integration of three-invariant elasto-
plastic constitutive models, Computer Methods
in Applied Mechanics and Engineering, Vol. 192,
pp. 1227-1258, 2003.

2) 00 00,00 00,00 00:0000000
gooooooooooooooo,oo0o0oo0g
O, Vol. 5, pp. 339-348, 2002.



