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Numerical analysis of Consolidation Behavior under Various Drainage
Conditions
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SYNOPSIS : Systematic finite element analyses on consolidation were performed with various drainage conditions.
Numerical analyses were performed using SAGE CRISP2D, a commercial numerical analysis program for the
conventional geotechnical engineering practice. For the input properties of the numerical analyses, incremental
loading oedometer tests were performed on reconstituted kaolinite samples. Numerical analyses were performed with
various drainage conditions such as vertical, radially inward and outward drainage conditions. For the case of radially
inward drainage conditions, a series of numerical analyses were performed with varying the diameter of vertical
drains. As a result, the lateral deformation and void ratio variation occurred during consolidation for the radially
inward or outward drainage conditions. And the variations of the lateral deformation and void ratio did not fully
disappear even after the completion of the consolidation and induced the spatial variations of the soil properties.

Keywords : finite element analysis of consolidation, various drainage conditions, lateral deformation, spatial
variation of soil properties

1. M B

AopAnk glo] FEEL AFHT] Astel AAuE TWS AGIHE AP, HRANE Ayge] ¢
% o9 gabgge] W acA dEel Aanth o W AAd FHe MG AAE glske] oA,
FAH WE 5 Agst Awe] gUANS FaAs, e 219 U e AT 7E
JEA PUES URE Gudg Fo Axwgge] ¢Hwel wABTm s4gske Barron, 1948;

s o)

nRo Wy Admyolth sAw WA 2AAE Y F Dua My 94 BAste] o H B
g mEgow skl by T BANIFLe] IR WAL £ S Wk ofe} AokH N UjFo
N O4EA, RS 3 5 AnEAde] BEddel yEd 4 vk ma 2 dde Awe] A%
MR QY oAt F7 9 BEA Wy B 5 ggd SudA Fof bl ASe dFde = &
o)

ol
=

4o

lo

e

’

i)

Aol W guE WY 9 A ¢ 59l
SRS S 20 AEAR Yl A4e AN 4w F A 24 Adzyy 28E

- 1194 -



) : -
ﬂﬂ A YEYE HH‘I‘ 214 H* We e AT e AU AR S
12 5

E(equal strain) Z7A Al57F EE & JEF AlE AFo 77 10mme 7FaS f1A8F%9
G AlFmALoldl= F7 3mme| interface 84E A&t ¢ T Almol| WS WMol AT
AEZE gt Fo TALAAS $£4 Cam-Clay R2S AL83t93, 7Ft o3 interfacer 84 B4
mdS AREsEA
4ol A& Awe] BAA AAL S5k EPK 7o gat /eeddds SasarhE 1),
g AW} 100kPaz AL B FAADL sAAt Aol ALFL 95 EPK ed 2
TS A 2] Fv R AEhE vhshHA wwkek &0 W 300mme] i FE el A A A
o7 stFgs FUVMANAT Aol gRE ANE= dIGLDAHAA Aol A7d AR Ao ZEd
dA g @ele @, den 54 55 AAsen, de ARe i e or dEste] dedad
of Bystaith sl AL JHEAAE £ 29 2o
A ™
C.L C.L
= —H R
1 1 |
B ) o | IR H=50mm
H-500m — 1 S eS|
1 t 1
I + |
.= === I H N
rd Fe
=7 5mm . r=7/5mm
() Ao (b) HHALe) Z )5

- 1195 -



T 1 H=50mm

o]y o] FAHHE fF3tas MY Alge EAXE o]&se 100kPa2l Ayt dS zt= AR
o] 150kPa2] &}5o] AlstEs= A A AL Fdstgon, RE Ao A yield ratio’} 3%°| W7t =
T A7 7t S A s
¥ 1. EPK7}29 AJg59] 7|2 BAH

WA | 2ATA | 2AASF H] 5 200 A £ 3§ SAEFHN EF
EPK7}& 2 56.5% 18.93% 37.78% 2513 99.46% CH
X 2. 94EEAA
AH =4 A48 EPK 7H2# interface element rigid platen
K 0.0404 _ _
A 0.2192 _ _
€.s 2.380 _ B
M 0.9 _ _
G(kN/m*) _ _ _
E(KN/m’) _ 1E7 10
v _ 0.3 0.49
¥ o (KN/m') 15.4 15.4 15.4
k. (m/sec) 9.86E-10 1.0E-15 1.0E-15
k, (m/sec) 3.72E-10 1.0E-15 1.0E-15

Mo

3. Mz R 2N

P 5 A
3.1 HiSEEE oug

ANANERE FEPUEE 444
e 217 AL AL Relt g
% o tstel

(D), ), )3} o] A w7

- 1196 -



L

o

)5 ]

=

bar, AR

o 7ol

=
T

100

10

. S “\\

1)
(2)
3)

fol EAFAA e ARS @ AR T

S

2 68mm, yEHFo 2 25mmEfd o YH

of e Axo A, A
Fe Ae (), B4 olAE AL (D=

b
9
o

T,or Ty

0.1

o

Cpot
c,it
e

5

W4 by
Hi=s=25
HH;lD

of Bt=7]
=4
=

=

=

0.01
Ui
LA
2]

EARLY
HEA|
FA

=1
—_— g

——
findin ] =il

PR

50

0.001
80 4 wevaas

100

AA wa=A 2}
w7 gl whet o

R

o2 12mm, yHEWIFOE 25mméE o]

o]

o

Fath 19 39 (a),

o

Bl

(b) F LR lA

A 7E Al

W

o

AR el

o

=

pu—.

5mm

ul
=

o] 25

=

FAIRE, vl A de] "ol

of AAHIL WS Aon] WA WA

—>< ©

= We7E ¥ =239 o
L=

Z
™

]
=

oA A7k
ok wERel A e

Al
pi ]

1

kel
Rl

=
o
Aol e Ao HEoteA

[S]

Sk

3

o Aol
<

I:g—'

I RHE o

]

B

}_

A

fu
L.

el

£

AR el

5

3|
s

e,

o] A

0

T

L

a3

led&dE 2ol TAdA 77k A3t ®

[e]

S

- 1197 -



0.0002 000025
RE| T o
0.00015 Il = AL =25
0.0002 1 ...... ALY = H s i
0.0001 7 = = HAHgSsa0 - ™~
s — gy ol A S m—
_ 2 — 000015 Lol Zufa
E 0.00005 E /
= i E
2?1 0 ~==- 3?1 0.0001 7
i T !
?‘; o[z '1Nmu = “4gpe — ¥A0OT 100000 1009000 B0 ,I
@ -0.00005 e %‘:
'~\ 0.00005
’ | === =g - |
S GALES 2 S \\ e o i
w0015 | T SEAPLES S 4 SVl o 2 2w
= = b Sslg=10 B SRe ot 1 i ;Wmﬂ_aw 000
R SEES -0.00005
A THsec) Al ZHsec)
= = o) = =
(a) TAFAA 7P A (b) FAFolA | A
= S 3 [e)
9 3 ghY Aol whe Fua Al
> o = 20}
3.3 HlHjsHMe| Zi5e HE

oA 7 de] "ol mlujeol o] kst At

NeEs 19 49 #

=AY WS

Holl A de "ojx orm=a Fh579o] AAbET] AlFtskE Aol w9 =ow WAL Sl g9k WAL
W= 7 $-olE Mandel-Cryer &3 (Mandel, 1953; Cryer, 1963)2 ¢1&}o] ¢t Zz7] njujs=H ol A
ggto]l Aeat Aabol U o w guWzvle] b4k E7hee WAL Zu|STl 27 @
v 9.7%= ARNSH] 5] 2.9%0°l vlste] 33 A% AA YERSTH
200
180 - * -\
160 LTt i Q:_-\
P e e e e
140 L T
& 120 : \.\\
5 RN
< 100 SEst S
i a0 L SERaE \
] i A \\‘.\
60 | T GiFefg s
ALY S HlS=2.5 NNy
40+ sieeas SEAPLfZS s 5 ‘\‘\_..
20 | = — gy L SERD
0 _‘“'ihLﬁZ:H;D bR
1 10 100 1000 10000 100000 1000000
Al ZHsec)
2 4. WEjERe A ) S8R 2475
3.4 HjSWEE 213H| Wl
LY PSS A4S 23 FLAd F AN BRG] whE 1S gelstm F A oA 2
25w Apolz o 5o mASATh 9 AAuge] Aol ghudael wela ek $xd
250 Aol 7h glont WAlwiRe Aol Fua Aol weh kSu o]t WAtk Wapre 3
$ole wE raAAgel wekby 938 T Folsh sk dUF ARl 1 Folp Fojmk
Aoz tehgrh ey 9XE 250 gole USR Folw g8 AekAA @a o A3 wob
e A BEAE dEAd WA BAE AT Qo mebd wape 2o Aue
GF 9 10 Aol L s} BAW A ok AR ALS FAT 4 Uk

- 1198 -



01 e i %
_oo8 1 L \: = : -~
:1:_50 o5 // 7l = T
0.04 7 /; B
002 i i
o SR SR el Rt
0029 1:_:”’" =t ot —f"’l}o 1000 10000 1 1000000

Al ZHsec)

a9 5 TAFAA A Al e Edge] wpE =] Aol

AT s s e dE A

e 5
Aedel BYAE olgatel MY U o

EN
Aottt At wieAe et dEATR AasERE e dREEs

At Sl e R dEon, WAL S o] F 9ol wijA]l HAo] S5 ESEE wWE A
o2 ueeth =3 AR M= bRl s A S gD 5 Ao o
Hx7)e wiaH Zow ofFslil §bE Fubiels g HolA e RS AT 4 U o]
g AN MPES AAE A0 2 a9 ddE A dAdE dFE AT, 39 dgder g
of frdel A =m0 Aol PRIGRE Fol S ARRRAA] edan A uhe] of W3] Hof vt

a2 =2

o] EES 20099E AR (LEII/ET)Y ANoR FTATAVY] Ade wol FAH ATY
(No. 2009-0064196)

Hngs
1. Al-Tabbaa, A. & Muir Wood, D.(1991), "Horizontal drainage during consolidation : insights gained

from analyses of a simple problem”, Geotechnique, Vol. 41, No. 4, pp. 571 ~585.

Baek, W. and Moriwaki, T.(2004), "Internal Behavior of Clayey Ground Improved by Vertical

Drains in 3D-Consolidation Process”, Soils and Foundations, Vol. 44, No. 3, pp. 25~37.

3. Barron, R. A.(1948), "Consolidation of fine-grained soils by drain wells”, Transactions ASCE, Vol.
113, Paper No. 2346, pp.718~742.

4. Hansbo, S.(1981), "Consolidation of Fine-Grained Soils by Prefabricated Drains”, 10th ICSMFE,
Vol. 3, pp.677~682.

5. Mandel, ].(1953), "Consolidation des sols (Etude Mathematique)”, Geotechnique, Vol. 3, No. 7, pp.
287 ~299.

6. Cryer, C. W.(1963), "A comparison of the three-dimensional consolidation theories of Biot and
Terzaghi”, The Quarterly Journal of Mechanics and Applied Mathematics, Vol. 16, No. 4, pp.40
1~412.

7. Silveira, 1.(1953), "Consolidation of a Cylindrical Clay Sample with External Radial Flow of
Water”, 3rd ICSMFE, Vol. 1, pp. 55~56.

8. Zeng, G. X. and Xie, K. H.(1989), "New Development of the Vertical Drain Theories”, 12th
ICSMFE, Brazil, Vol. 2, pp. 1435~1438.

o

- 1199 -



