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Prediction of Consolidational Settlement of Dredged and
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Abstract

For soils with high void ratios, the inverse method of utilizing results obtained from
centrifuge model test was used to find the constitutive relation of effective stress - void ratio -
permeability whereas conventional oedometer test and constant rate of strain consolidation test
were also used to fine its relation at ranges of relatively low void ratio. Results of column test
about settlement of interface and pore pressure and distribution with time were compared with
numerically estimated values to confirm such a constitutive relation as obtained from the inverse
method. Consolidational settlement in dredged and reclaimed ground, where the consolidation was
in progress, was predicted by using the numerical technique implemented with the finite strain
consolidation theory.
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Table. 1 Basic Soil Property Test Results
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Fig. 2 Grain Size Distribution Curve

32 EEQUAMS U AFHHE oA

KS F 2316 7t A3 dAE AZF85 A
3t e FFEFLAFEL HABPed Z sFg
AlA 4 &7 F Fold 2AH9 H3uld Wi
FFAFE SAE7]) fetd AR89 % wl£=A3A
Hol| Stand Pipe& A X3l W49 FFAPL &
Pty 30 -F5A5e] FARAS Fech

E3 v §& AIHl(e=60)N ANEY T
AaAANE T3] A%td W $Zcel(BA
=15cm)E TAE dAUYE LIS ALt
et

<Figs. 3>% <Fig. 4> E&F¢2482739 o

#0034 %

AUPEGANGAS 5% PIe-fE3YY
AI-F5ASY FHRAAE 2RE Ao ¥
x7) AFUANARH HmH QBAUE FAL
Y Q&S ¢ & Aok 419 AReRH EF
FUAGA WEH B 27] I FESY
B} EFEASBANS Qe + 95 9de AFo]
2 ¢uCdle ol§% YHWIE YLAYL F3)

o Bg¥ F S ¢+ Uk
6*\ ’

N — '\——

ol 3

O \
2 Ny
T 3 N |
c NS
b \'\
> \:
2 ¢
=
\'\Q
e
0 7
4 E3 an a1 1 0 B
Effective Sress (o

Fig. 3 Void Ratio-Effective Stress Relation

6
) I
¢ soEey
- ¢ Soue
5 )’ -—| ¢ sopsy
¢ sDiemmd
A oo
O
8
g
] N ' *
25 ! .
0' o i
. 4 3 ‘
o * o
T A ’ .
. * . ®
2 + . - %
o P B
‘ " .
. .
! |
) =] ES 7 E4 E

E6 15
Rareetiity (arioad
Fig. 4 Void Ratio-Permeability Relation

3.3 Column& &

Z71=47 & TAVYEY ASUgUEAS
Add oz A7) 93l Eol 200cm, 27
2lecm® Column® <Fig. 5>l 29l ulel o)

- 320 -



FANYE Aure] ABHHG 93

Plexiglass2 A3t Z718H& 250, 500% =
HA| A7, ddujezAe] EYR 25 oF
42E FEAA AES FYsH T, AEF 0
2 ddAsFE D oo nE FYANIFAEEE
ZAsHt. ¥ ASEEE WEZ Y4
Columntlgtel]l Air Compressorg ©| &3 ¢&F7]
& Eojdodi, Aid EFAIEE Columnel ¥
I, 83 wd A2 F AFE AAEY.

AZALDENS B4y st FHEY 27]
Zdo wel FFulE 250, 500%E WA A 7Y
dediezdo g AES Y3t Ao A
d W& HI}ARE FHFoEZN <Figs. 6~7>F
2 A-As FHAE 4L F AT

Manometer

2lcm E

oy AEEE

IZOcm

~——Porous Stone

| —— T
==

—
Air Compressor

Fig. 5 Column

<Fig. 6>olA AZDA7 Bolx ¢ nt2 =
Fdde] AEHE E5S Jeped, vay we
Fbla Az EYJRT RS HdH &3
A73E ARA 43 AFUDe) AXE S ¢ F
o}

<Fig. 7> Z7Ig5u7t 27 @& Aol
wAste gAY dIA e wFHel TR
Ho, dAEFo] HojN HYztFete] wal 24
H7l g 2x¢EAIE S JdellE 23 ©FF o)
Bol7l Azstn Utk H9 F4E AHRH, 2e
e & Y9 ARG g Asge] o
A #olE Bojm Jtud o= AR FrF mult
A A kzhe] Aol7b ANRY oz AzZtd. WA
HoZ AYS AAFFE z7ldd= dri ATte]
A w7tal Fatgo] AL S-S Holed 9
v 71 2grulE ZE Slury AHe HETL
AL Ao HAA %3 Flocg YA se @A

ol F7]A Hojud AZHE |33
oA F§ FALE Holod o HHe A
AZ @dddHAH, 2 F ALF I =g HeF
Aol Ay AL Boli=d ol AR A
ZaAle AR ZAFgde] AlFsEHE dwd
o|t},

Yol £A3L ColumnZHel nlgoz
R 4974 20cm A 22 StandpipeE A x] 3}
o] Manometerel] 428224, Columnd] AEE
Er1% A% EFHEY AZ F AFAY FUo 8
glale FYFrLdE FAHIAY.

=3

w:\
0 : Q\\\‘\
P - \
o : =
2 s
Eo |
° t
£ }
g |
5® ‘
k- y
L ] +
[}
W
o wP%{SrgeDary
w P
@ -0- 2 |
w —&— Nneid H
10
aot o 1 10 1B
Time(dy)
Fig. 6 Settlement with Time (w=250%, Single
Drain)
0-3 -] i
© N
o i \\ .
\\
° \«\
§o -
£ \\\\\Q{
2, N
z © \—L
g ;
«w
w T warkewom ||
w - Tt [
o) —0— T2 -
w0 -4 Nt | |
Y ]
I
oo o 1 © 1B
Tove(da)

Fig. 7 Settlement with Time (w=500%,Single Drain)

- 321 -



L S

<Figs. 83 <Fig. 9> &7] &FHE WA
FlaA AT BYIeLd dold AR
g £XE =A% Aot adolA Hole B
o2 FA( z/H ; 9714 2= A ZHeo|, H=
AYFFyg SHRY Eo)F Holn olEX
(Theoretic)= €82l 932 F(t=0) FFAEZ(
u=r'z ; 94714 y'e €89 FEADYSY =
dol)e JEld Ao g Z2AA(t=0 day)® vl E3}7]
A% RAojuy,

a0 - O S

Epmimertd A7)
@- Teoetc

a2 i \
. 0 oway

¢ ody

v 1Bas
N\ B soas ||
04 ~{ 3, . A uDa

e : \ SR P
AN
AN

| m \Q'\

] f I I I
0D  GXF QOO Q05 QED 05 00D QOF

Fig. 8 Distribution of Measured Excess
Porewater Pressure with Depth and
Time (w=250%,SingleDrain)
00 - ——
\ —
\ i

| \\\
. N\
\\ \\\\

10

] f
(0] 003 QoK Qo5 fols=4] Qs acn aaE
Bosss Ryaweter Resaure fglom?
Fig. 9 Distribution of Measured Excess Porewater
Pressure with Depth and Time
(w=500%,SingleDrain)

¥ 22 &

2509, 500% #reevlel &7 £¥E FEAA=
o] Z2AA ol Hldte FAE FYRFFY EXE
etz ok o) @ @4e Column shHfel &
7l Fddl elste] olol whet FAF 7] T
TEE fFEsdey, FAXNEAA olu] AFA
o] FEHog MIYE Aoz A

I B F Xl 2V SRS E
FaaAFge] #idtd FJRIFG 2171 FAE
¥k ohg wWiAex 7] dEed 2S¢y A
Sx7h wg Aes doddEd

4

P

34 AMBIMY

TAMHES AFALDELE wHsln A¥AH
g e on ngeu) dde FEEYH-FH-F
FAF FABAYE Q] st AUd
g xpkFsdpdel AT YHNERPAEE
ALgste] ARG UYL F3AEA

AP ZV|NRFFHNE 200% 250%E 9
o dulezdes AJEFe] 10cmolA 40GE]
FHsEoR JHEAA AASAT. 4o ALER
EZE <Fig. 10> Rol= ute} go] 4yYEZRI]

1 20cm |

T E 8cm
8em H -
A b E 8cm
Sem £ b v 40cm
I kK E fScm
8cm H} _x_
.}._ K Sem
8cm E H 1
v N ____Cm Y e~
ﬁOcn
i N
le N
i "

38cm

2 14cmol FolE 40cmolil, EX Y &)
T AF5AAE AT F AR emitF o &
27 AR E gl YFEZE AFA 9A4EY
A¥71We Swing Basketo] F&o] =n Ex9)
A B Bud olad wog Az o] Ay A
A7l g vide siWzte SLR FiHeEts
o] g3t} Azte] WE AR HEE BIAL F
o E3, AR59 ASE #AIY) st Ex9
HAE B el Scaled F&3AG HIJEF Zo)
W gFulE ARY 4 A 2RE HAxHEE W
AU g e AR FE7E AFse g4=YA
4 % Aeg Folw uIve FAHAT

Fig. 10 The Model Container of Column
37
z

-322_



FAMYE v FBUSHG A3

<Fig. 11>& 271854 w=200%, W3y
e=542, AlE%°] h=10cm9 RYAEE FTHIEE
40G(AF=A 40GX10cm=400cm FEZ), e
ZANAN AT YARZAY Aol A
of w& 9td H}HFE dehd Fojth. aygS 4
JA7E df4d o8 FHF FAH FAAE bt
gog HIUUPE YU)EL ALEF FAHY
2 &% A7 vm 24 Aok, EAE A
3 2@ A diF HEZS HAFZRAE AAEE
of o FFzHAoz gisle BHFATG. 1
ol A B uie} Fo] AZRA glol el Ay
< B F gdon d&3 AgdHst 45 2HSA
veldg B 5 i

<Fig.12>& z71&s8 w=250%, uW-g3t=y|
e=6.775, A12%°] h=10cm2 EIFAEE FY/IN&E
40G(BAZA 40GX10cm=400cm HEZ), dBujs
Z7A0A g AdFAFGo|vt APZTe] vl
RN A7t 27 wE FAsE el gle
W, AlzbA g mel d¥gkel IS & 5 UL
o HF AsFE A9 A & 5 AUt
<Fig. 13> A7) g ZAE FJLIFFY
XE #x84g nng ARE RAF Auy
2 239 JYRFFELe AR e i
I USS B F sley, X Ade vus}
A&X9 dFH9 HYFH 2Ato] FARSHA
AP & + Uk

<Fig. 14>%} <Fig. 15> YAREA4Y 98 &
A7 #2712 RYERAM AEE AHTE Lol
492 gkA HGsd FuE FAHsA FFHE
ARG ANE BAFEY, S dold W=y &
ZE daidel g FARA FAHA 7 /3
HYE o229 FX34 Az vung AA AT

£ 10 jo M

4 e
- N
o]
€
2
)
E
8
=
5
@
@
AN
~
™
I I f I
0 1 o o

© w
Tre(de

Fig. 11 Settlement with Time (w=200%,
e=5.42,Single Drain,h=10cm, 40G)

Settlement (cm)

o

Fig. 1

f !
1 © L1 Lol L d

2 Settlement with Time(w=250%,
e=6.775, Single Drain, h=10cm, 40G)

Depth

a2
-
as—
as-|
0w
T T e
(L] o

T T I i I
an ats D =
Boess Ryt Resure fgom?

02

o4

Depth

Qs

08

(a) Resuits of Centrifuge Test
T ¥ T

\
oD o 1] 223 oD oz

Eos Reander Resaure (giam)

|7b) Results of Numerical Analysis

Fig 13 Distribution of Excess Porewater Pressure
with Depth w=200%, e=5.42, Single Orain,

h

- 323 -

=10cm, 40G)



P . . - . [ *

/ O Bonmes
Lo e ey /. T I e
0 ' i ' [ ‘ 1 1 1 1

0 1 2 3 a 5 €

\od Ritio @

Fig. 14 Void Ratio Distribution with Depth

(W=200%, e=5.42, Single Drain,
h=tocm, 40G)
ao T Tr H
02+ . . \l/b
wl 1o o }/. o
§ .
8
06— 0/
| /
| /
as - + + 1] eIy
I ©- epmmen
o ’ jt’ B B
10+ i | 1 i i ‘I 1 i i i '
o 1 2 a 4 5 €
Vuid Retio, @
Fig. 15 Void Ratio Distribution with

Depth{(w=250%,e=6.775,
SingleDrain, h=10cm, 40G)

35 &9 FYstgdS

i

35.1 HAsiAol 23t oY THBAY AT

(1 M2

FAv PRk AU EH S geofstr] HEA L
FH-FESYN NIFu-FFAsd FARAYE
At AL ug Fasid 53, 4908 A
3 ol vmA & A Frvle HAG FHABA
4 FAL ¥ wAse DAY A o)
¢ Zo8ATH AR THFHY B FAR
AdE 57 AERNY AF Fo EA=

o#le ARl wetd, B dAFdME MY
49e Fod ST AQFH wE AW

A FE olgste] Ay ZRe AN LPe AAl
oz FARANE £4 - Bdsd.

@) arE7Iy

FAHL 4 BESIAYT dNEE ¢
248, H59 5548 §¢ F5d vzy e
ZAFee) AE BSe-FREY, S0 -FFAFY
TAEAE F53tn, o] ARE vEeE g
4 @) Ze AFgre FARAE 2434 &
4& HAsdg.

e=A(0) "% |, k=Cle)?

sees (8)
28, 4 @A Agd TAY BAS 7L
oz o] sl NS 24T BE, 4 O
% e AuT AFUSLE A8l THAS @

EaeTh QUHE 2% WeE PYNo= U
o 7% 27 Hee) A8 wagHes

At Aol Ao wetr 7] &7)7F fetksx =
Aol gley, &3] {AFH7t & Afdes AH
stol] wel gt akel A WakEd, o) =4
HAF FAHAS OE Zo| AFTsYz EY
sto M, 7h2u)e] Zol F HSoXE Ao 5 g
oz oee nEHE T £ URE desiet
oo, ATHAMY FRMNY LS WA 5o
e AR E =RdHey, YRS va2g 5
2o},
o= AA+BBxIn(o’)
1+CCxIn(o")+DDx(lns ") '
_ EE+ FFxIn(K)
" 1+ GGx In(K) + HHx (In K)*

e

9

olzlgt wWezr, A (9 FAAY W@ HF
(AA~HH)g g frEsty, YR 4qdA g5
AT mE AR Hdd ¥ Aud F
=g A5 g ol8¥ MY ZFHE wuso
7 23S Aol gt FESH - I -
FFASY FARAE A WYez 43
At

(3) Algel THBAA A

A4 e o] &3 FTAHBAY FHE 3] <Fig.
16> A hupel Zo] EEYIYH P2 CRSHE
A g5 DaY-FEEHY FARAE VEFL
2 P1, P2, P3, P4, P5 gelg T+ AAALE FxE8
k. #Ze Yoz <Fig. 17> EH|-F54
Fo TABANME FEFLLY R A5
Aol 73 FARAE AR do K1, K2
K3, K4 gele] FABANE il sy e 79
Eiaia=d

- 324 -



FAMPE Awel AN F o3

1
T -~ som
8 | —&~ s
—A— SD#3

Void ratio ,e

Settlement (cm)

187 1E6 165 164 1E23 0.01 ['8} 1 10 1E+2 1E+3 0 40 a0 =0
Effective Stress (t/m?) Tre(ds

<Fig. 16> Prediction of Void Ratio - Effective Fig. 18 Prediction of Consolidation Settiement
Stress Relationship with Changing Void Ratio - Effective
Stress Relationship and Constant Void

Ratio - Permeability Relationship

10
o ABE <Fig. 18>0 Yehdlen, BJu-E5A%
(| & mn ALY FA @A) ue vmA
—4A— STD#3
= <Fig. 19>9] e

Void ratio, e

3
2 L
€
]
£
2
=
@
0 1)
1E-6 1E-5 1E-4 1E-3 0.01 01 1 10
Permeability (m/day)

Fig. 17 Prediction of Void Ratio - Permeability

Relationship

olRA T B e FAEAC e HHY JIbe =™ 1 T 1 i
Agsto] 27|ghrHl 200%9F 250962 AN =¥ A H o ° « T ey w0 x
Alzkel) mg ARAst Aol vasit _ - o

A28 2 A FTABAS ALdd Fo 4 Fig. 19 Pfedlctlon 'of ansolldgtuon Settlemgnt
AN Aot YARYAE dHE2 vTEY 3o, with Changing Void Ratio ~ Permeability
L -FESY FAHABALL P39 AUt AF Relationship and Constant Void Ratio -
A b cASA deten, Azt did _ Effective Stress Relationship

a7 g K39 AS vmy A FAHY

o BSE-FEESYH TABAS W WE HI gy amg AIu-555T @A P39 3v-E
FAS TA K322 N AFA7F AgAet 4
B8] =M ASS & F Ak ol Be g

- 325 -



A,

4 Anz wol Foln WRzAA FaF d%
o @ AA4e SR 5 e Aoz Az

el H4e Fal B AN 7 AHa)
U1 BesE 33u-$EdT A3u-S4A4

9 74 BANE ©es »el HsIHAch
DI - FESH TP 35

AA @ 0.27326E+01 CC : 0.76024E-01

BB : -0.11278E+00 DD : 0.19134E-02

DRI - BeAS PR B4
EE : 1.0558E+02 GG : -0.10556E+00
FF : 0.36890E+00 HH : 0.77999E-02

352 39 A 45
84 AF zAER ded 2FE obd <Fig
20>7 el Axd ¥ A5uE HEste 190m

o pagel o FAHNE sl WskFS
d&stgoh.

Q

Cmva‘t_E‘nbarMTmti L S

08m_, L5¢/n?) g

Fxtra Brrbankmert © H, 3

Tritial Errberkerert © A
(L5m

'y

Degag=4.5%
22m

@ e5aq=2.876
6.5m

DL.
2.165

@ epaa= 1291
103m

@ e549=1.361
128m

Depth of Consalidation : H

@ Ehdd = 1178
157m

@ Chdd ™ 1.04
190m

K3

- Fig. 20 Ground Profile

4% Ao d2e 9

B

g XL, <Fig. 20>

3

3 2

2 2
o, na

olMsh gol uwig: AR JAF 27|YEI
e dEH, $4 HERE 08mel dE BANE
% 15t/m’ dg 27185Q)e AARFo=
Hsted guAsiFS Adstn, 1 JaFL AHE
gxoz gAete %785 JHESF s
Q ¢LASFE A AMse Yoz FHA
shaFol & (£10cm)e] WHY Wi wrEsi]
sestgon I 58%% <Fig. 21> #r}

ANEI JHE 3.0460mol wiste DA}
3.0582m, 233 0.0052mE & gdsg
(3.0634-3.0460 = 1.74cm < 10cm)o] w&3ct.

<Fig. 22> HF HEHFT d@ Al @2 A
stEFe] XA ZFE EAF 2ol

Total Helaft of Frrtwerderane® H 4 H,
Expected resiciod Stioonare =
—_—

e

Fig. 21 Flow Chart

as
al ~\l
= .
c L 8
E l-‘.\
s .
g Y
@ 1B b
\-\'\
»
20 \
b T T T ]
0 o am am a0 20
Tiere (e}

Fig. 22 Consolidation Settlement with
Time

- 326 -



4.

1

2

~

3)

4)

(1

FAMYE AV FLYHF dF

42

FEYUAYAIA Bk ¥ Iug e
gegtolA I -RESH, I-F5A
So BAE A5 A VHL BEFA ¢
ucellsl H7ol 2 YANYE *U4¥L
S A3, EEYUAYS QPUYEY
YA AGelN BIFul-fE3Y, Iu-FS
A dB4 e BANE AL & AUk
A4 ol S &9 FHRANE vhgo
2 #2842 AAste] Column 4ge) A
Aol Ge BHSHE wwe FH, 523
Hol Tha 2 Yad LTE ey o
AR %S ehpo,
AHEYAYARE da Sgel stel F
@ fESY-VIu-REASY FHBRANE
sgez AzAel we ¢UASHF %
F4QEE, A9 FaFY B3I 22E )
ng A7 A¥PHS} AZA7t 45 =W
e,

gU Y AUE Avrel FNH g9
Astge G4 g st 7Y FAD
AN AET FEUYE gUolE T2l
g Agatd ARALE T & A

Xt 28

2t

Davis, E. H. and Raymond, G. P.(1965), ”
ANon-liner Theory of Consolidation ”,

Geotechnigue, Vol. 15, pp. 161-173

—

[2] Gibson, R. E, England, G. L. and Hussuy,

M.J.L.(1967),” The Theory of One-dimensional
Consolidation of Saturatef Clay [: Finite
Non-linear Consolidation of Thick
Homogeneous Layers ”, Geotechnique, Vol. 17,
pp. 261-273

(3]

(4]

(5]

(6]

[7

(8l

- 327 -

Gibson, R. E., Schiffman, R. L. and Cargill,
K. W.(1981),” The Theory of
One-dimensional Consolidation of Saturated
Clay [: Finite Non-linear Consolidation of
Thick Homogeneous Layers “, Canadian
Geotechnique Journal, Vol. 18, pp. 280-293.
Mikasa, M.(1963), ” The Consolidation of
Soft Clay - A New Consolidation Theory
and Its Application ”, Japanese Society of
Civil Engineering In Japan, pp. 21- 26
Raymond, G. P.(1969), ” consolidation of
Deep Deposits of Homogeneous Clay”,
Geotechnique, Vol. 19, pp. 478-494.

Richart, F. E.(1957), " A Riview of The
Theory for Sand Drains ”, Proc. a. Soc.
Civ. Engrs., Sm3, No. 1301

Schiffman, R. L. and Gibson, R. E.(1964), ”
Consolidation of Non-homogeneous Clay
Layers”, Journal of The Soil Mechanics and
Foundation Division, ASCE, 90. SM5,
Proceedings Paper 4043, pp. 1-30.

Terzaghi, K.(1923), ” Die Berechnung Der
Durchassigkeit Des Tones Aus Dem
Berlauf Der Hydrodynamischen
Spannungserscheinungen’, Akademie Der
Wissenschaften, Wien,
Sitzungsberichte, Mathematisch
Naturwissenschaftliche Klasse, Parta, Vol.
132(3-4). pp. 125-138.



