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Numerical Analysis for the Geological Engineering
Characteristics of Unconsolidated Sediment
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Finite element model capable of solving coupled deformation-fluid diffusion equations for

the fully saturated porous medium was developed using Galerkin's residual method. This
model was used to study the mechanical and hydraulic behaviors of unconsolidated sedi-

ment near South Harbor, Pusan. The vertical displacement of top surface clay sediment,

when subjected to the external load, is significantly affected by the excessive pore pres-

sure buildup and its decay due to the pore fluid diffusion. The sand deposit overlain by

the much less permeable clay layer serves as a flow channel. Consequently, the fluid diffu-

sion due to pore pressure difference is significantly facilitated, which also affects the diffu-

sion-dependent sediment deformation.
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o;=stress tensor

gz=strain tensor

P=fluid pressure

4, A=Lame’s constants

&=volumetric fluid strain

a=Biot’s coupling constant

M=Biot’s coupling constant

8;=Kronecker’s delta
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G: shear modulus
v: drained Poisson’s ratio
v.: undrained Poisson’s ratio
B: Skempton’s coefficient
p: fluid density
po: fluid density at a reference state
m: fluid mass
m,: fluid mass at a reference state
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Table 1. Mechanical and Hydraulic Properties Used in
Modeling for the Unconsolidated Sediment
Clay Sand
E 10(MPa) 50(MPa)
v 0.35 0.30
Vu 0.45 0.35
k  094325X10 %(m/Pa‘s) 1.0X10"2(m/Pa-s)
B 0.72 0.60
(v} 0.95785 0.46296
M 26.912(MPa) 74.772(MPa)
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Fig. 1. Study Area Map.
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Fig. 4. Vertical Displacements at Three Different Depths.

219



s we gol 19FA o Lmpr, 108 FNE ok 0.3m/r
G sEAsel @ RAEEE DA Askel  Ame Basel, olF) wARE grwsl A8
EHolMe] AxA Aotee HESH 19 6ol o] F3) we Srz AYAT

EAstgn G2 F WBE 1Y 6o] Helt  AFTREY FUTTe BE FANNmLY
shsh o] Alzbe] Fatel weh 27)9) & As  AARAL 1Y 39 =AW vhep o ol 3

G

= .

. 0.4

a ]

o ]

5 .

o ;

o ]

20.2 ]

2 . o0000 Z=—5m éCIo)

Q ] 606 Z=~13m(Sand)

L .
]

0.0 : v ;
10* 10° 10° 107 10° 10° 10" 10" 10"

Time (sec)

Fig. 5. Excessive Pore Pressure Variations in Clay and Sand Lavyers at the Central Portion.

0.00 1 h A : Fa¥ ATA f “1.-1-
e

~>—0.01 q -
>\ -
~ ] X
€ -0.02 7 n
~— 7 4
©-0.03 7 P
§ .

—0.04. 7
C - s
O ] 4
= —0.05 -
_8 . ah
S —0.06 3
n D
- 7
8 -0.07 ]

-0.08

107% 10™ 1 102 10° 10*

T|me (yr)

Fig. 6. Annual Consolidation Rate at the Central Portion.

220



A AdtH = FEX>0m)T A
m)e. 2 Felso] ok

29 ALY £HPARE 1 79 SAHAT 10%sec. ARANY FYFI4L EE(TY 9)
£3 3NN FAYskE A A Aol s}wno} AN W g FIrgo
= dou YRR Wseus F 2719 of od AFARALT GrHAFos Fr

SN o5 FF

3o} 593 S JEhdY, Sold He s
& WAYE X=-2m AQNA EFo| §75d RIAAHe FJ9FI5Ue] ARt $A8Y 3
Rqem ol g FIVAEIL t=10%ec. OlF FYFTF  AAANGAXN HoAFE LolFaHAI HE S
o Al A P u ) ol2F 271 EI}e
Hojd4E S/ (ad A9d 4% HESY JYFIFYel 2EEE
8) X=-10m%FINA Hd EFE71E ez t=10ec. A ZolA9 FIZHIRE(2Y 9e) 9}
At HFF710E shEol e TolgadArt 3 HE9 £AWHIL WA oL F4eA ug

FrYgel 22957 A7A AL 2359 §7178

Ee B AAGAA

0.2

0.0

Vert. Disp. (m)
SRS
o EN

|
o
00

[
o

Fig. 7.

Vert. Disp. (m)
|
o

|
-—
w

RER Ry HETRE HiEd B BERTLY %

‘loT
g At BAA

Fetamol 9% AW padT FI4A PES B340 4T 4
AR gapol tlsted ww, HFAARLS E3

hovvpnndeenena s bigg i bige s g bapeeanangd

ﬁ—nvnq—r—rrmn[—r—nwnq l LALILL2LL N B R R A1) B B A1 lllllﬂT_”r_TTnTﬂ] 2
10* 10° 10°* 107 10° 10° 10" 10" 10
Time (sec
Vertical Displacements at Three Different Locations on the Top Surface.

—— t=1.E4 sec
---- t=1.E8 sec
e - t=1.E9 sec
e—— t=1.E10 sec
—e o= t=1FE11 sec

-
k3

—- PR el Sl
; St
rr1r1rrvy1r T1_rl T 1T T1rT 1717 I rvT17rvr1rvrrrr ‘ TiTrrrrurrte I
-20 -10 0 10 20
X—Axis (m)

Fig. 8. Time-Dependent Surface Level Changes.

221

HPREX<0  HAA Aoz g}, GAXGANA 3
FolM B HAYTIFUE AR dFE AL Yothot=



drt 27 9ed] YERE EFX YA FFFY  FFEYS WRIFIIFTFIF T Aol o)
2 t=10%ec. AlFAAM G BT o Faso]  Fige wel 2HEY 19 gaof TAIE 5 A
dow, FFE7 U BFYTIege] e FIAY AR L 2V FIFYL I E
FAE A2 oA 2L AlAE t=10%ecold &9 Afdsd, AFHPAG 2 3R ngS
o 298 3EE 17 8ol HEHEY X<-5m o2 NP wd FI5Yel AT Aew F
AXEe FYFTFTFYe] 298 FoE FFol 4 =2 F Ut t=10%ec. AFANMY DI FFEY
5o Atk FH -5m<X<-2mA)Fe FFolA FE(IY 9b)T t=10%ec. AlH BlE HurHo
t 44T FsYe 2EAE g 279 B2 2 FT5EY Z4AE JgdY 3 2fE A
|77 ARAoR At HFAHOZ HF9  fodve FTFFY FhE U olv R#EH
3AS el &, 35 AAAY Edodde 3 " HEZY & I g8 dESY
BEFFFEG 3 AHA BFY §717F vEE 0 REFoE F9R NUd 2y sy
u, dZAA A HolASE Folgastel 93 dME 5L EFAF ) BELsE 35
FTHY EFY 7] Jurt A&Eoh 7} ga5o] AM mZQMe FIEYe] HE

SEA skl A3t HAFTFFEe DT AR Fol vE FEIA EXHY itk o9 2o ¥
o2 FAAL £2EL AV)e uie} o] xabdel AL RYEH FEZAMY FFEGHIE o F
9] BHE AE A H43e 7y HJd¥ 3o FAF 5 duk 2 100 HESZ U IA

FPore P. (Fo)
Pore P. (Fal

5
4

Pore P. (Ps)
FPore P. (FPa)
fﬁ

c. t=2.0X10° seconds d. t=5.0X10° seconds

222



KRER HEYS WETSN Fkol T BEMITY FE

(AR, 2% 278 AA(B, CADANA
FEUEE =ARAT. AES AXHAA Y
TU2 t=10%ec. °JH7A B FolHr}
wetgs, o] AR ngF FFFU
€ AEZ 3359 Fdol 7iddo ZqFHof
Ae 29 109 Ve vkg Zo) BS) CAR S
B Aeld @& FIFYY Aojrt W How,
ol HA&e# uie) ol 35 LT G
of 71t Zefgold #YTTFA42 t=2.X
10%ec7HA A&EF7EH (2 H 9 F2) °)F t=5.
X10%ec. Aol AAAL FIres #A2(2H™
9d Fx)E vehliu, o] 35 meF
ol FFHEFH

ol dl ol ol

SN | iy

SLZ A~

Py R ALY

CRaia
il RN

FIEYRG 2 vehdrh
JRE TI4UY GPENS HESY Be T
FA% 2 mAFI Fe FIFEAAN (Y 10
R2)el 7107 AT FIF8A o8 =107
sec. Al FA5del 29LH7A ASBL,

o T

3 6:‘?
Ry
oE gy, ;%ﬁ/[;
g 2, ;,l;/l
=, I
*-m% 4 fad

e. t=10X10™ seconds

Fig. 9. Excessive Pore Pressure Distributions at
Different Time Stages.

o T
-
E
— 3
0 0.4
O 3
= ]
St =
o
0.2 4
[0 ~
5 .
. : \ Z=—16m
& J sk C: X= 4m, Z=-16m
OO -:——-rw-rmnr-r'rrrm!rﬁnnuq L EAALL B IR AL T 1T r 1
10¢ 10° 10° _10”7 10° 10° 10%° 10"
Time (sec

Fig. 10. Excessive Pore Pressure Variations in Clay and Sand Lavyers at the Flank Portion.

2 of

2o A, £ AgE @
garys FARNRAS D
29 Mnd 429 AF
EAstl A FRAY HAE
& B35 fabel BE IIFY
o) 84 wgel 2A I B Ao 4
gttt stFol 4BA Y BAH A& B X
offan 2 AYTIEA I A AT e

A g B3R §7190, S FAAY
A4 woldsg Yedes Frlan AYAES
o Ma e FHAE ZE AYRAZE TIF

223

e EReiwe ] #
2307, AFH oz Y
Azl FEE 7D

Al A

A

A At

o 2 BAHR ESE F
segeish gAE g



I3
rok

ke

B AL 1990, AAEA AL N 2A DTS
o FHRILA,

Biot, M. A. 1941. General Theory of Three-Dimen-
sional Consolidation. J. Appl. Phys, 12, pp.
155~165.

Das, B. M. 1983. Advanced Soil Mechanics. McG-
raw-Hill, New York.

Ghaboussi, J., Wilson, E. L. 1973. Flow of Compre-
ssible Fluid in Porous Elastic Media. Int. J.
Num. Method Engng, 5, pp. 419~442.

Gurtin, M. 1964. Variational Principles for Linear
Electrodynamics. Archs. Ration. Mech. Analy-
sis, 16, pp. 34~50.

Rice, J. R, Cleary, M. P. 1976. Some Basic Stress
Diffusion Solutions for Fluid-Saturated Elastic
Porous Media with Compressible Constituents.

224

Reviews of Geophysics and Space Physics, 14
©), pp. 227~241.

Richards, A. F. 1984. Modelling and the Consolida-
tion of Marine Soils In Seabed Mechanics. Ed.
by B. Denness. Graham & Trotman Limited,
pp. 3~8.

Roeloffs, E. A, Cho, T. and Haimson, B. C. 1986.
Stress and Pore Pressure Changes due to An-
nual Water Level Cycles in Seismic Reservoirs.
Final Report, U.S.G.S. Contract No. 14-08-00
01-22022.

Terzaghi, K. 1925. Principles of Soil Mechanics.
Eng. News Record.

1990 6¢¥ 259 A%
199013 7€ 20¥ g



