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COUPLED ELASTO-PLASTIC DEFORMATION-FLOW FINITE ELEMENT
ANALYSIS USING “IMAGINARY VISCOSITY METHOD”
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By Mikio SHOJI, Takashi MATSUMOTO, Hideki OHTA and Atsushi IIZUKA

Coupled elasto-plastic deformation-flow finite element analysis has been frequently
used for the prediction of displacements, stresses and pore water pressures in geotech-
nical problems, However, the analysis is not suitable for the stability problems since its
numerical results often become unstable after the stress paths of elements arrive at the

critical state,

The analytical method including “imaginary viscosity method” which is a usual visco-
plasticity computation scheme is developed to analyse the behavior of soil from the ini-

tial stress stage to the failure one.

In order to assess the validity and the applicability of this method, a problem of bear-
ing capacity and an actual embankment are examined.
Keywords : finite element method, deformation, coupled analysis, bearing capacity, im-

aginaly viscosity method
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Medium-stift Clay

Soft sensitive marine Clay
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~Silt -
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E—10 BRAREHMRMS

DINT A= — K, Ki BEDY 13 lizuka 512 & 5 Pl
PODEEMBERAN. 2L, PLIZREZ LICEYS
EERERMEE LTV, BANTIBOEKRES PL
HIEL, BEIYN FMNEBOBKFEIZ RO nkEme U
T cm/s 2FMAL . ThorELHTE2ITR
¥. b, Ladd® id¥mis LEOIEHEKE ANRED
HEEEZRLTWVS. T2 ITRINTHBXFENICH
W 2B IC B D < JEBR KR ANTRE O BERME S Ladd

EF - A KH - 0%

11(a) KBV TERIPEROBRTFERETH Y, BB
PEBERBINICHNS LHICF N ZEH L2 2 HRL
LibDTH B, ERITIR, BEEMN6.6mIiZZELK
L&, WESEULEBEINATVS.

B—11(b) &0, BEEH5.0m T3 5 % TI13Et
Bl TERRFEABELIVRPRPREDIZBE-TNB T
EWbd b, LU, ANNSA—F—pIEEICELD D
DOTHHIEEEZNE, FFEO—FHERLTVBEE
WR LS., ZIhH3biiBIH2HTE, 28UCHET
BESEMUED 5. M—11(b) EITRUIZAR~EX
OUTELELS WIS T 5 HBOWERZRL 1205
H—12c5%. #1%, BEHREEOTFT LDV RMED

Fill height {m)
O=NQO -2

I W SO S T |

KEBHEEBHSEDIZHTR—2ITR L. Ladd iz k
BHEEMOSVEREL D RPAEDITHEEINATVS .
ZEDDLRE (BRAFEEBRLICNT 23K 8 ANRE i
OEERIT OV TIIXMR 25) 2RI nzv). 2
BT A E D7 D TSI L, B R 500 20 il
t/m?, KTV VI 0.33 BIRE LT —Ric & <KoE Eao0 -
B 5 N B+ OBMEREU 2 000 t/m?~3 000 tf/m? & 1 Ew © Measured
bha. UL TRETAEOREE TREELT, T Jmaginary viscosity
R/ 1 OBERRERIE L 72 s0F I
(3) BT &ER N
- e E 0 - - 0 5 10 15 20 25 30
BE—1 B EEBRRE IS U 2B P RER Time (day)
OHREL TROEAE L HELROLKETRT. H— E—11 SERLT & EEMED S
T2 MENSTA-42——F
Depth | Pl it At |y | ow |2 | ow & E E o | o
) %) e | [ ah || vy | o | e | e
Mediam | 0115 138 0.51 2;33 00004 | - | 273 | .o
24 |0.81(0.93 010|035 054
Clay 1.15~23 13.8 154 |1.43 ] 0.00018 [ - 294
2.57
2.3~3.53 726 250 |0.83]000034| - | 171
176
3.53~4.76 5.80 341 |066] 000043 | - | 142
Soft Clay 18 [0.81]0.93|0.10 034 0.52
476~6.0 6.92 4.33 |0.64 | 0.00036 - 169 | 1.96
6.0~7.6 8.07 538 [062|o0ooosy [ - | ues |
7.6~8.95 9.23 650 [058] 00003 | - | 234
Soft Clay 15 081|093 0.0 |0.33 0.50
8.95~10.3 10.2 783 |o0s6 | 000023 | - | 260 [ 3%°
Sand-Silt |103~122| - | - [ - | - |oss| - - | 9.48 [o50] 0.00086 | 4500 | - -
SoftClay | 12.2~13.4 | 15 J0.81 |0.93010{033{ 133 [050| 111 jo54| 000021 | - | 342 | 421

in which the unit weight of sand-fill y, is 1.56 tf/ m®

Sand-Silt layer is elastic material.

C* : The theoritical undrained shear strength
based on the soil properies in table-2

C**: The estimated undrained shear strength
by Ladd®
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(a) Point A (till height = 4.6m)

(b) Point B (fill height=5.0m)

c) Point C (fill height =5.0m)

(d) Point D (fill height = 6.0m)
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