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Depositional Characteristics of Busan Clay, Effects of Artesian Pressure,
and Experiences from Ground Improvement
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SYNOPSIS : The depositional characteristics of Busan clay are initially described in this paper. The deposits of the
Nakdong River estuary are composed of some different layers, which have been affected by marine transgression and
regression. The upper clay layer is thick and soft. The lower clay layer and some depth of the upper clay layer have been
leached by artesian pressure existing in an aquifer below. The clay shows unique physical and engineering characteristics
due to leaching. Several large-scale reclamation projects have been performed in this delta area. The preloading method
using long vertical drains has been applied for soft ground improvement. Experiences obtained from ground

improvement are mentioned in connection with the depositional characteristics of the clay layers.
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4 AEZ HH5E FAadE F2 Na', K'Y, Mg™, Ca” 59 ol&g g3l
TH8 (Brenner et al, 1981). A A9el] digh A58 (geochemistry)
2003, 1¥ 3.5 #Z), 5-16m 9 ZolelA Na'ol23 S0,° ojeo]l 7p4 wow Ak b ko
a2y O olgFogE o] o]xER FE7L ?‘éﬂ’?ﬂ stobzith, oj9h e o]29 ALY Has
T ekgol 93 d¥ &2 (leaching)dl 7]91% S A=y

AelA e vk} gol Al da WA As) B4d 1 FA B4R duel g4, o
FEo P2 FL aelay, A HEZY ofn ol oldn AGsel 4% §UAE (eaching)o]
AAE Aoz DU 1% 36 & olsh 2L AHRH zARRY £ 480 BAY AF Qo2
4% adolth

3.3 Q0| T M| JIE H

3.3.1 WMAIS0 G RET} B
AYAFel ge HA FA @
AEAAA g G 1

4

3oooolFe WEHE 2 gAdt B Qe HE
JAFE 1 B0 o A dud JEE G457 1
O o]7HA wA wsstAg 52 F Utz ke WY
Az 4§ (desiccation)T AT AFALE 1 Hoh © Aopxick A9 BEAY Ahdn)} a9
07bx W& & = Sldh

ole} o A o) AE Axi= oy ded Yo dFEY AEE A Zold ZAAA

to rir

i
N
-
o
lo
fu
— 12 od
2,
N

¢

gtk AFdE AEE 0.5 2HE

¢

o k] LIS 3L =
APAF7E 1 By aAY A Fdatth (2Y 3.7 #R). AHAFE 1 By 2 ojFE F MAE
Ad 5 Ak A, FFeA HAF ARAL ofFE FAHAFS FHu7F EobA Ao Al
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JMttn & ¢ goug oy AeoE A 1 By Ak B4, sl HAHE FESY A
fa5ddd AAFFu 7 RASAE ZFeTr. @GRl LEEW e AY wE3s glAv
A A 7L 7AEH] wiFolg,

1. (ti’) eI size (4
1.7 LR | 2044 60 80

] ~ W W
L 1 Soit Propte | v, (vad) Greinsize (%) S0 Tl 1)
181718 50 7

=N

¢ Sall Brofile

Bt Prafile Civain size (%
Tl . zase
Lo PRl 7 - ! Ty T
4~ ;/ i
] / 1% 4 5 B
:a«:%w} % 3
%xs.ﬁ - %’.‘Wiy/“’;“ :
m_;/ & 18 "g%
/ e ,,M/
zsl%m.@ 3 /,4 >
&Aé % :;:t?;i R
39

a7 3.7 of2f xjHof g Holo| mE HAMX|40l HE (H &, 2001)

7% 3.8 €& Sridhharan (2006)0] AX9] [sahaya A& st A& A, (a) Na' o]}
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180

] 190
160 | » Izahaya (Fall cone)
o Isshaa (Casagrarde)
. 160
NPT =
b 2yl
E [ 1 =
= E
‘S o120 F 2
5 ERkiL
Do - ¢ )
100 b
® 100}
20 1 T S W 1 L1 20 bt gt L1 gt b d L2111
0.01 ' 0.1 1 0.1 1 10 100
Ma' cenoantration (N3 Sat concentration in pore water (g}

(a) (b)
% 3.8 (a) Isahaya A|ZOf CisH AIES Na+0|3} HASHA 2O &A (b) €29 =
HMBEARt2| A (Sridharan, 2006)

# jiw. Dicuviarpdnrg - {':1}
| @ Wl
i 0O -
) o a
] e
1y 4 g a
’;1‘ © &
i © .
(=SS S~ B »
= oo 4 % | OO B,
i~ ] c a
)} |
| —_ O n
10 |
i s
10 )
D sa4 | y+23
jj i ¥ i 1 M T T T 4 ¥ ¥
i 1 15 ¥ooall M NP
Silinity 7y ) Picuid drecse:

O 3.9 A AEAM H2 ok AMEA Lt B (7, 2003)

H$E57 sh7 HEA diEiME F (2003)0 sl @A AHAG A2l disl Ao AAJeA e

HAE AT (28 3.9). o] 2¥S B zZlo] 15m FolA @¥o] 73 €

of ol A AHAAE A4 T (o 0%)E AL F & gk o] o] opyi

Brstded 9RO gad we AHWAE 50%77 BASGAT. o ZAE AF 8 geow
AAZ AHASE F/AVIL E g dRsts BAEE g AtE FEW 490 8 4
22 Zolt}

3.3.2 Mx0f 7| AEk
Aot Az A del tisted Zdo) ¥ FAHEE 2A}e A0S 29 3.10 o Al A8+ tHChung et al.,

2003). BA=E AR wet 2 olg wolwd, Fi ololA b Ax 2 99 ol Are



A% & %
o] ol

Rk F, FRAME 19m ot elA, AFME 30m ol BHEZ 1 ol b3
Ao B FHAAE 4m Heol 92, AFANE 2lm ol Y= FHES o Hojzch

Tanaka et al. (2001)9] ZAbol 28, FfrolAE 19m olgiolld BHE7 714 du, AZgME
30m ofefoll A 7H wigkth. o]k e BAEE QB 893 BHo] gt}

80

Jangyu (SB-23)
© Above 4m
= . |0 4m~19m s
g 6ie Below 19m )
i : 4>
k: V E
g 9 Z
3 o
2 P
a @
B 2 =
0 i i i
0 20 40 60 30
Clay fraction (<2um)
() Jangyu

18 310 HR (a)2h AS (b)X|IHoll thal =ALSE 20|

ga 3
0 i i ;
0 20 40 60 80
Clay fraction (<2pm)
{b) Shinho
¥ &M= (Chung et al,, 2003)

10

03

06

2
B
<

4y, ecioveion O 00 PO i
*'.-', Jovelen, Ulso 3
02 1\ BeKkelaget o Jargyn -
; A Sinho
’ Toyen, Olso
0 | ! 1 x |
0 5 10 15 20 25 30 35
Salt concentration, gilitre
38 311 20| ME oiF HE 80| N0 7IF FE (Bjerrum, 1954)

290l HEol ds] FR 82l =R 7t FFol A Bjerrum (1954)0] o3
ATEATG. 28 311 & F=s, FFo] 10g/1 HA gaHoE FHEE A PAHR @Gt}
ey 10g/1 ofsh7t SH BHEIE "olx| 7] Alztet: 5g/l 0]atk W o] Fto] @A gadTE
AMdE Agoz rolm Yo

3% 310 9 A%HE o
oJARE FYE} FauTE AL
vt 44 o
49 5 glo.

|4
o
o
ih

ol

B2 4@

e ax
98 430 9

3.9 oA HojE npe} go] 4 HEE 10g/1

As A ez oed AFds FE3I
2ol AYTATE Fadtn wekrd 257}



3.3.3 ofj2iy]
Sn
1] 5 0 15 20 25 30 B
U 1 1 L I I
. uc
o e : o s Jangw
5 . » o = Yangsan
] . N Kirbae
. = 7 » Bulsookdo
0 . 3 o & Shinho
S
o B .
15 v s,
A $
,% o . .
20 4 :Qy!c?.... <
- G eR 2
E e
bt » =
% o g w &
z W;ﬁ." » & & ©
3’ n v
SD_ k. ..‘.-.?.a.
i
<
35 ¢ °
J B v
& k4
40 4 o
i
44 40 e
50

a3 312 43 ot ™EQ o2l (¥, 2002)

a9 312 & 28 98 A9 diste SAg ovnE HolFtk (8, 2002). A¥i¥= @ 4
AE FVFH dHAFAYE UOLZ SAHAT ¥ Agezm X ¢ 3-10 o Helel Ao

s

2

1
2 o] Zo] olgl= GEo] L&EFA7] "ot}
E 3.1 & aﬂ JHH -E—%Eo (Brenner et al.,, 1981). A7z}l we} /A zfol7b AR, 57
bt AEE @¥o] fgd Zold deixe dulidt HE (sensitive clay) WA =3 ouid HE

o
(very sensitive clay)® Efalx & A 2o}
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H 3.1 oj2id|e} 28 (Brenner et al., 1981)

Skempton & Northy (1952) Rosenqvist (1963) Soderblom (1969)
1.0: Insensitive clays 1.0! Insensitive clays <20: Normal clays
1-2: Clays of low sensitivity 1-2: Slightly sensitive clays 20-50: Semi—quick clay
2-4: Clays of med. sensitivity 2-4: Medium sensitive clays >50: Quick clays
4-8: Sensitivity clays 4-8: Very sensitive clays
8-16: Extra—sensitivity clays 8-186: Slightly guick clays
>16: Quick clays 16-32: Medium quick clays
32-64: Very quick clays
>64: Extra quick clays

3.3.4 H|if5 HMETHZE0] 71E HE

19 3132 28 W o A G i3 A= St 7 2
ik FdoldE 2t 17-20m 9 21-23m 9] ZololA, 41F AHoj 30-35m 9 ZHoldA A=
F7F ehA] @AY Zagch o] 29S 2Y shpe] AR HE AAe ZAA o2 Ao FEHeR
vehdts Ae ¢ ¢ dvh 2u dgAjdeidt @ H)l Al ZRAE ol d AR Tdsitt Lim, et
al. 2003; Chung et al, 2003). %= F7PF Qi7vh Zaste dole #8822 F Rl 7 4%
HEZS ol Aok = o] Zole 07} gashy] A&ste Zolo g gtk

9l

a" 314 = H4E &%01 Aegzel 717 43¢ 2 yehila ok &9 s 10g/1 ofd=
=

B9 (g9 WIS MAZT (W, 2002).

dojxdg v @2 FE Zavt LAsAY. 239 Hedle 156g/1 Heyp "ojd o Fx
22 WA, L o o4 AN BRAT GE ARAAE olAD S Fol 2 4
%l%ﬂr. o] ¥ 9o ulFo] By Axr} 10-15g/1 & Bolr|y] ARed AGPErt @A
Zadde AL ¢ $ dd 2dY 2R g2 0¥ ZE I 9 490 BANA IRE
A% AE) 7l §UdF A0z walg o] i diHE Adg Bi) ¥xe pagt PRt
BAE o A8 FHE daert 9 A 7
q,(Pa)
Q N0 W 9.'.“ um m:e;n 21
04 . e I ?’u‘m)
T
s NY | Bty
o + slm(-z'm.) A

45

D

@ 3.13 el W o3 XS0l F-B Zlo| © 2 HYx|el B3t (¥, 2002)




MPa Swirity (' MPa
*2 23 %3 L | 1o 23 52 5 s
” 1l st S kbt %

oy ad o3 B ¥ 13 3
1
I ;. Sadinity (g%
l\ Neoms IERLE 5
) i
— A +
g | L
£ H : k‘ AU
(=5
& / \ —
L— /q' e
* ; { trevitel
Fopiad
s
{ﬁ) q‘ & u W{)ﬁk mg’w A mi{:mmm
P, NEH s, 20005
{a} Jangyn {b) Shinho

3% 314 g 890 2z ZEAe9] ®A (Chung et al)

19 315 € =290l Drammen FE] did] dE S0l AvpEd oW JFS MA=IE
Z HoFes a¥goltd (Bjerrum, 1967). o] # % FAAEL
illite olth 2% 3.15(a)% ¥, (¢ wow Fi EVstTol Zadti @59 IAFER PG
fa5d hEu 9 vl Fer) et} o To= okzlel sl Zsgn 7| s 3 A 7hasil
o] 2RAAMET HAANY ZZ FUHE] Sy/s £ 0.20 CERE 0.12 74A #Zadgdus AL BoFn
Ak olAE Sl AwE dEH s AR AW B9 Ay #RAA RE, A93x
Fa e gao) g 4

{a) SHEAR STRENGTH AND wzn:zcm PEESSLRE{Lag scale]
\ T
sulp 20:20 SEDIMENTATION
\\ ISUSTATIC UPUET RESULTING
\ o ARTESIAN PORE PRESSLRE
N\ A -
. :
g |N NN\ T EacHe
fon \ \ N
E )\ \ \___ FURTHER LOAGNS
g N
NENANY
UNDRAMED - e
siear s N\ PN N N
{by VERTICAL PRESSURE timi
o2 3 i 5 §E 783% B a0
g - ’
Y M - | B
Z \T\ka UNLEACHED NaCl=21 grit
g3 ‘ e Iy
wy p ~
ik < -
X %
,E.. b \\ ™ 5
B | teaceeo wind Fresh waeR N | | O\
F 8 Nall =t gni Ip 217 BTN -
. \ ,
;

712 315 =290} Drammen HEO| e ¥R Bo| blus HoEo YSH| 21F &

o

(a)

ne
rE
rie
)

{b) &M (Bejerrum, 1967)
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3.3.5 HY BYHo 71z HE
3% 316 & %A AEC tiste o shx A o AFE Holo T mE Hgdvle

ZAAE BoyFTh (Lim et al, 2003). AW A@ 2z (CRO) 9std, ¢ 10m 9 oA =
HgAuE 1 & dEv 28y 2 o8t ZoldaMe Ftgule 1 B gk o] A dF

goz AAY FgdulE Marchetti (1980), Lunne et al. (1997) Fol At ZEAE o &3to
ARG Ao, dik AEE AP0 wet AAFoz w£ FEAHoZ OCR #°] 1 24 A7|E &
ZolA 7| = gt a3y o7]M FEZ AL OCR ol ZAol7t $7185-E F8Aos Fastes 4%
Btk Apdolt

W R N D

Depth (m)

M
W
18 f

02 3.6 %A HEof i3 erUu|ol £ (Lim et al, 2003)

] o Oed. . et |0 Ol G O o
L @ Chung 3 Chung | -0 Chung 8 Chung DAl
: *  Hosg T Heng |!® Toog & Hong
& 33 [ T s £ 7 16 4 mom e e e et ey @
N 10 popt -0-= : : ’}
;. olee ! Py,
; : [ 1 oke &
: ey P e o b PR
10 o 2..._...(:.*“.@5._,,,@.;..._... 5 e o | %
[ 1R Y] o K S ~’C.B*'e : i e .
Cl % : : k) L e E :
- C o g . o = ;
-SRI B N o & iomel =<} : s
. i ®o: oy [ cela £ :
g | = P T - T I & o
. o ®e, {7 §
;m_,,,,:% Q .o ; ; . ‘ i‘ o 3
po ope - g ioee
P o A gy OB
jJ0F SN DRIV ORI U ) 3 P Te |® T
. ° : i owmo i
: ‘ & ; BH-4
i BH-3 il
3 : — 56 : T
24 05 18 15 20 25 e 85 10 18 20 20
OCR OCR

a8 317 3™ XIF of2f AlE HX|of gt Zolel E7tofl WE OCR 2| H5t (Rao, 2004)
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a9 317 2 ATl uef zlo] M OCR & HoFE adolth digF Zo] 30m FZoAE
OCR>1 oy, of Zo] otz A&y HAE Hol T ol3t7kAl EolH . o]
ARE Mg g 3 QAT T HEIT
ojg} Zo] mgg Hlgs AL o dyH =dso fdvk (B, 1999; B3 1, 1997 = §,
1996). €%, old 2 1= e £ R B A = b S )
dozMs dgo= F

=
EY
o
O
T
@]
[@]]
H
o ffr

4. sl HEX|He] X[HHEAM 22 FH

4.1 oI5 stk MM s

re
12
X
iz
=2
>
1]
z
2
O
i)
-
et
Ol
o
of
B
o
Ot
ok
>
N
N,
o
g
)
ob
rr
o

22 ojn] e Ao Terzaghi o 3]
HAA, Ak B St de £3 J1EAe 2 FA} Aol S AgHE =3

=
WA Al ol of&e ol ol AA Auke AAA AS (viscous behavior)g

ksl

stal 947] wiEoltt

AYsts sHoE 9x 245 & foe AEH 92 aYEJ 2790 sk WE z9
ABH2 k9 "ol 0-3m ol glou, vk o] gnt B3 Bxjo NEHL W ol 0.5-2.5m
ofgiel 97} wiolrt, ah7 Ak Aubell A Hzo <Fib, WA, AF, HAn} 2L gFE SAE 24T
o= A5 FotFe AN 1/2-1/3 AE 744 A A58 Z9E Aok (7, 2004). 2 olfE
T2 Ag ngd o 4F Ao A Hrbd sAd=dn. gy HZ 94 AR AFH 7%
F tEol o Aug Ady oz o] Aoje AAE FaH

B 471 €E X5 LFH(0f ot MY X} o s ZAotel Him

T8 Al oAl A 1« ABHA 2xx
Cc Cc/(1+e0) Cc/(1+e0) Cc Cc/(1+e0)

FL4R1E (A1) 0.5-1.0 0.28 (Hd) 0.32 1.369 0.49%»
SL0IE (M-4) 0.28 (Hd) 0.33 1.307 0.47%*

=t 0.5-1.0 0.27(4#)

M| 0.6 0.24(2 1)

kot 0.28-0.54 0.29(E 1) 0.45%%%

g5 0.54 0.21(B 1)

s SEA 2 A8 (2007)

#xx FEM 2 F: Giao et al. (2000)

EoAL & RA7A o2 wA zyeld A8 gEAS0 GHNE nelEth mah oy

GACA Akl AREE EH]E 0.21-0.27 olAAR, EA Fx: FU A AF Wi whxeA
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©
N
oo
2

ok Fab ARl disiMe ddstFEE b F o 2 dol Ad AFAA AR HE o disl
A

QN gt GH4 1 e AddY Phoz & Adsd P AAd (FAF, 2007),

HYstEe He F 2 | o4 43 AZ P8 AoM 9HNE Gustach da4 2 = FAx

FueEe gt £ AHoR T@ ARolt (AR, 2007). FA AFe] ¥ ARE v,
1

>
q il

>
>
e

lo

&8 0.28 (F+F Cc= 0.75 (0.5-1.00 vl d3§4 1 o 2= 0.32-
0.33 224 olEtt i At F& FA AR NPLE APANE AAY sivdx 25 AskFe o
20% 747to] o Avde AL & & o g3 29 Ade ARG Q4 ¢ At

ARHANA D& C. #oZE a3 AsFe AART F& Friddes AL ofn gL dA7abd
ofsf B Mt (o; Bjerrum, 1972; Leroueil, 1996). A& olA EOP (end of consolidation) %H o2
DAZE ol PolAe C. &e 2 2 g9 dFgo] wAHAY, dFNME HA 94 FX F
&R SteEs 6 70 Wi 103 o e szl A HatgoeR 23 2 % (Bjerrum, 1972)

= H24 A%E (viscous behavior, Leroueil, 1996)0] 57| wFoltt 29 4.4 & I}z,
AGAdA 85 F7F 71FE 24 AZE 1Eske ARG C. o2 A AsHge XYW G4
AC & mepZpAIRh, @FolA 1 dgtel dA Hsirb gAY, FH AD & wek st G
gebs, oA e CoODA o AA st A,

o

=5
B
™
rir
o
=
3
X
ud
N
i
BN
oX
)
-z
2
=2
=
.C,i‘.
2
oX
o
K
22

%,
i
)
o
ot
=)
Lo,
i)
2
i)
s
r [o}
»
L
v
o

B 42 200 W2 5 Ede S

x| ety o Hp MEI(m), A5 ER S/H (%)
FM(m), T H &35l cem), S
#HXI(1) 19.5 5.4 1.71 31.6
Hx|(2) 19.5 5.9 1.48 25.1
A5 38.2 4.8 2.1 45.7
=4 36.8 5.5 2.51 43.8
ik 26.7 8.0 3.9 48.7
SL0E 35 13.5 5.85 43.3

4.2 g7 o Astofl 7ikis I

o FANA BT ek A TRe|A HP5) EAUt FARATE AL AFeAAT. o714 E @A
1

.24 .



Jala

74 (land subsidence)2 f33tc}, s34 Al Swo)A olo] ik thn)7} vlg] Q- HTh

[o]
sigtol EAlFE Awold A WA

A g AdaE FHos odob Awel ¢ue
QAT G WolE o] ATl olW QRS AAEs A % 8ert gtk a8 41 @E O
Fol Aol EAstE AT Aat Folo] FANA wAsE dol  gtel PLE RAFL WY
WEAE U5 247 ARRGR, g e S Aoz WD ZAoln Jge) FF
ASSE @, 9 Ak FAE D Abmuh WA ST A0l (- 41 ). A o, =AY
(artesian pressure)d] Z7jolth AW & oA E9 Zolyt o] Holyptt B3 =z gy
AEdol WY + & ek wjrAle] Aol 43S ol Ak AT (1F 41 (@) I AF@
vheh 2 AR shdedh Ty o Aol Ag 499 Asol Axe Afwd W 9
WA Haa B4E Aole) St gRszel dug e d0d £9 45E A9 g 5=
Atk

X Fill
EZ V- - SRR
\
\
PBD \
\
PBD \
\\ u after consolidation
Clay layer N
T
Ugg |
e
N A A S A

2020 S Sand layert s ¢ S e sk e S0 Artesian pressire T,

B
S

(@) (&) ()
8 41 iaxiel Zojof mE el BR (a) tiRAIE Gl AL (b) X7t &K #HEE R (o)

B MEo| i & 2ol B0l ER

=4 =
A Felslor @oh w3 AGY Aol weAe dolrt A 50m U4 AW, AN 5

RS/ meEA gkgren dAcke] EAl AR E A ekgirh

4.3 MASE Y 4 Al 7 sl oF s

>

A5t 39 (preloading)?] 279l fisiA = Johnson (1970)8) =¥o] A mHolgtm I
2 i

woole] AA e 2 AwelFa ok sk Aol s AddsE 3HE
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ALt g XM 9 2HE FHARAT, o] WHe met A Bee I8 =% A Zoh
ojol A= olml F (2006)0] ololl g LukE olsE 7 uk AUt

APetd L A AW ol 47 F (permanent load, Pol F7HHA AHE (E= 24
AstE, surcharge, P)E 7tge=s 2 2 JPAaFS 43FE F2A7led 5Ho ok I¥
4.2 & Fzet, AH4ES 3 71 F AHE AA A7) g lA o1 RZE AARHR FretE 2 A
FERSF T A A7 2Rk 2 A FLHFO] p. WA AAHNLER (o2 WA

= 5

= 2 peec B FEY. A AE sFE FHE HAY "= 9F5F (permanent load)o] 93
dAstE 1 2k d2AsE 2 A 4 JEEs WA AMEA o] e 7IFste dHES A7)9
ole] AA A& AASoF T}

I Py SURCHARGE LOADING

P we p PERMANENT LOADING
t

LOG TIME

LOAD

e

Psc=AMOUNT OF SECONDARY
COMPRESSION UNDER
PERMANENT LOADING
ACHIEVED DURING
SURCHARGE LOADING

SETTLEMENT

pﬁs = ..,{.0 40

TIME AF TER
SURCHARGE REMO

=
AMNEE AT + 9,171] 274]5101015 ghoh thA] getd, Agsts 3HY AdAs
datg-s1 &6t A2 Qo] REdAE dA4EY A7 (P ol AA AV (1pE BAF
dojth, AHE AA olF EX A RAHE AsFs AF LiP

reo)ol2hi 39, o] g duivka &3 AU} e Aol FHE FAF A
settlement)olth. 7 AsFE <GTstF+AHE>Y 1 A 4P HEFor JEstd AAY
HAatag s ste 497t dEd, olAL AMdstE Ty dyE ZE odsta ] "ot (3

2006).

(residual settlement,

&} (allowable residual
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4.4 A M8 AIH BXI0M 22 Y
A MFEA A AT Bed 2 @ b4 5do] nk AA, B ¥2e AWW =g
gstoith A, Gk FAES Sl AUE FAA
M 5

Om Y HA g a8gx%
A ARk} AFS & ol&sty] Y o
Ao & FHAZE wol ol ok ol Wid wmMlE 79 fAdAd A g7 E AE

4.4.1 XI5 B Fstzel 53

{DL.m)
10.0 T T 7. 7m+7.156
- = = =Fill height Ground elevation : 6.2 dredged
go | (H7186m ~()130m = ()130m ~(-)182m | | | 7 o
O T ———(9)182m ~(-)349m ()349m ~ 3 085 4 5 —
E ——— Total !
= @
20
) clay
= [¥-18.2—
3
®
- sand
g vgg.'gf-ﬂﬁ
b1 Cc.D
5 44 8m
£ clay (@
=
b=
@ Y1 —
80 : : : ' : : ‘ sooi sand
3/11/04  8/8/04  1/5/05  6/4/05  11/1/05 3/31/06 8/28/06 1/25/07  6/24/07 :
Date
33 43 2A AFE HiE CX] (M-4) ESHAESl § off (¥, 2007)

AE-] AdtFe] obd) T bl A& W HE stFoz A8 Hsh LAshd o] slFol
Azkel At whet Zadch 9 4.3 & A aFax Ad e ot dEH AsQlE (M-4),
Agol 7.2m FolZ W o FHER HEE ;E.ﬂ 2 gFee oA 6.2m EolY *35 AHEE)E
ok AA JELE 13.5m Y AT HEY A=

. 3 27 g
load)oll 93] dojXthe= AL fog dart gl
T AAE olfsle] Aol Wasle XA AZo] ojfolxrh o 2PEL 1.6m o BAOE
CD (cellular drain)& Alo] oF 1 W who] ZA = ub s7j2s Ajojt};, A HEZC wszld o)
Anrel AZFHAA L, lFA7E AAFA G s FEFE ot £57F 1 H9 OE Aold
AAHOZ BR 44-50m W HE 2 A AAE AR E Bsta A ARFe] FAS sy
HESE oAy Fos do} vt o mAg] Zo FrE 10-25m U Suk A% AE F9 SAnn
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2 Fon, &k AEAFI ARHE Fo v Fong (HF C=0.3) %!‘}%L% a¥8A axE 4o
ey viaiel] o Aol X H
718 Aty A & F AUk

AAe 54 715L B4, 39 43 9 M-4 9 A%de gsE HAF A A (07/1/26)014
st AESY YLEE 85%4 HH (F, 2007), FatHFe AN FE F9 13% A= Avx Fed,
a8y o8 93 (M-2, M-5)olA e 2&F FslkEo] 30cm 7H7to]l Hl1 dE%Es) 50% AE AUA
S sttt

4.4.2 #d} Eo|E S HME M7 AP[2 #HY

Vertical Pressure, t/m? (log scale)

Y * 2 2w
]
0 0 4\

Sedimentation

\ Secondary
compression

Void ratio, e

= i |
gste] HASY] WFolth. a¥ 44 E FRIAE

olfr olvl MBE weh gol 2 A Ao
o1fE B olalY 4 AL Aol

22 o] 2" Bjerrum (1967)°] =2l ¢+¥ (instant compressiom® AA ¢ (delayed
compression)?] @& A™slr] 98 wi@a Zoldh AA A LAY A=E A1 HeEFe
ARG, KPPyl A% 1 2 &2 HaEe Ay g2 IHe AC E wat Aske Aolvh ey
dAolME 2 2 42E Fdom A AD £ me} Fsk Lojdnt (3714 E A 1 doz

M8t R ). AS AHE 7HAIL Asaoka W EE A WA 22 A8 FAL AMEst ALHow
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a2 45 Zolof WE Y X Hatel oF of (Lancellotta et al,, 1981)

2. 2y wiFArE dojAsE o 1 ¥Q~‘; TARL 4 F Uk ol g WY A7
NeE o gorz o%e Bag Agstel woaslz P,

Lancellotta et al. (1981)9) Ao ostd, wisAlel Zol7l 4d ZE MAEoA9 dd=Es 2
ol wlsl gA  @rh 2¥ 45 £ PBD Zo] 20m o dF AE Z3<AdH, PBD 9 %%"ﬂ/‘?}& o=
Aol Mo saare] L7t 60% old7HA o2y otfE Z ‘7%0}7‘1*1 a}tol A
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4.4.4 =TIl FE D L&t HE

PBD & 9|=®vyt ojel F4t AFE wo] AatEa ok 2 46 & =9 oy AFo] dis)
54 T8 FEAH o B4 w9 ¥sE Agd Aold (Kamon and Ito, 1984). A&l
Z=8o] 100m’/year BE 200m’/year 74A A #ort dokeE AL & 5 Qlrh ®
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X2 = H i 2T = % =
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54 o] gasEz 94 A4 vhe) gol A%How Uw} AstaiA Bk
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@ttt PBD 7H4o] 1.0m ©ola7} Hd xut wmetoz wojgo}l 7478 49 st goE AL =
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5.1 & kel & ofsfE A WA Fgiste] oot dEo] A AE <
Fa7t AA AEY @A 927 Az g9, =24 A" A5 FAAS 9 Aue FHsl
Fxst9 o=z AT floating foundation &8 7]%ste Aslrt e LAEH @tk wElA A2
FAY Atolel Em7b Jigtekol dl FHl FPol wASY. £ AEo] Hstod Fol 1m 7}
BEste] wEeld S A%E HetE HAE ¥o] 1 E¥o] B3] yehd d9doh

Apartment building

NN
NN

Ny

Traffic load
7 Underground %% f I
parking lot Y/ MM /8

Floating Foundation No treatment

_—

off

Piled Foundation

9
=2

38 51 U4 FATXINN UB, 2, FIFTION SRIL LM

ojgt Z& BFAsts WA Y, 94X =4S F Fol A J1Ex AAd dF sloj=glg
etx] Wel= 57 3
oz g da G

oHL AE %% I FATE FR7] dRe) 2 A siskol st atEdEo. AlY Aol oabd

FAEAES 1 Ao 2 2 FEAS ¥ C/C. B ZAMRb waEt xbolzb ol 1 e 0.033-0.045

(Hvt 0.039= H3EI Aok (F 5.1 #=2). o]AL 7FA31 30-50m 7o thek 50 @7k BAlE =

#odigF 50-80cm 7b ®uh o] Hdte AYIztel HA wxe] AA

LASHARE, @2 Ao A & Y& vig duls) B 2eE g Aot} on =@ ulel o)
1 A

Aatol ofal AA Auro] Terd ezl vk, 2 A TISFS FPF FrATE AUE
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H 51 O3] ZAIXIZ} A|&ESt Ca/Cc o 2

21| Ca/Cc Z AR

bt 0.040-0.045 Lim et al. (2003)
FL AIEH1) 0.033-0.035 Kim & Chi (2003)
FLAE (2) 0.036 Z 2l (2007)
Fob MEERY 0.043 Hdu S(2006)

st EAT EE FU FEZA EAss AUt TFT FAYoAW @A =Y F oF
ol &gt Awt IFZ (land subsidence)® FA7F A7 o] EAle FAAA dA FA2 1
WAZE 7hsstth Ak A7) AzZbol disidE $eluete} o) LatE
= (Prinya et al., 1989 )ollA] &g M & Fud Har} gl of
BaE o 28y Aggrt EAste A9de RS FAde
& < 3

drhd <uk Aol § HJHThe A

A3 (Shen et al., 2006) E=
T EAE JJ‘” 7} Zﬂfﬂ":}i
=2

5.2.3 g 280 2| &t #71 &t

3 glA QR 8T Aol YEN FHH 4ol AH JF2 =HYAY, o] A8o] AEHoR
AP A4S d oz oW ae AAA HeA ez dza £ Best de R 24
ARAA A71H Aske T2 B4 £3 B BASE (A 50 W) 2 A 4B skl F

of 9% 3 H Wakel 2 Z}

ol A% B=H e Fag vluwsty] 9 EH‘&%] v A= 2¥ e (2% 5.2). 26g/19
BeE 7R @ Ase EY A 4E AEUeA 42A dHAAN FY9% dx9 BE
SEAIIEA 2 A42 FeFe FAHU, T 2HY dE ARE @8 THFR 1.6g/1 7 2

Lo 93 JFsFe 4.5%0Uth FadA 2 2 M
g2 A HstFol "o o] AF ZAe dt HEA dE A

o
=)
gntoew As B4Y + Aok AL AAEET 19 3339 342 @
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(b) 2 AtULU0l o8t RIS} (Kazi and Moum, 1972)

AH 905, date] REe ~r771$ ’é}*‘?— HESAM AT

74 o] no Av] Gt v, Juinrt gon Hmrt

(3) & 24 A, Aol HED shd Askol AA AR FANA Pty A% Az
oshd, HE F ZHol7b 20m oY wole AHEIS 20-25%, 2 o4l Hw AEu]
45% 7 A = A ah7) A st

@ A% TR NPEYES FASRA 2 AH Fad 49 oA G o Ad A FelA:
50m A e 2 A gAMb, oF Tm o) FAlo] FARES AEAR o, TA Ao T2
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- 35 -



fr

2) TAES] HaHe X wet & Aolrt gk, FAHE FVE A3 #EstA &L BA=E
Bl

3) tivtF mEQ AMg o2 FAF AFe] AL A9 AFHoIYAT, wlFAl @Y Fuld o
ﬂﬂEgl HEog Av|o] &9 o] ke A Ao

4) 2 WFAE AEISAE BEFEa 10-25m o9 mAE Fo| &A@ a#y o F
%18}%‘:—% AR HEZ 10% RAEo|t},

to

(5) L 23 Q& AWelAE PBD Meol i3 Aol FolAl s Aol whaasich Agg wa
Qe d5EA £YE ASEAE 4500 £ 458 AREAt AED A Leed
A ARG WIAND F 2

6) ©A 24 Fole WA ANAE F2BY sz G4 W skl depgos FsiFo
olo] me $EFs St A

o

o] =i-oll A ‘ﬂ%% gRrE 28 2000 ERE AF72 9id AFE ATC-7 9 Axx
=B At FolA eHdth LER oHEs AU A EST o 2o 19

i3
A8d Wit £29 wth

flo

A3 (1999). A3l HES ¥ B 71z AAY BY, Proc, Sang-Kyu Kim Symposium on
Geotechnical Engineering, Seoul, Korea: 205-230
DT o04). FFF ST AoAuy BAW S sed da D 2 W v 2R, ATCT,
Fotistn AA7sdTA: 11119,
A3 (2006). AF IS SutE old, A NEFEE =], 22 A 10 E: 1721
3

)=
A, DAL (1997). 4B ST 2 AR FAZ gL B4, FIANTH

2
e

= E 3]

A4, AEE (2006). GEF s DE HAE EXF 7)x AAee] B, ATC-7 Workshop, T35 7%
s AeA A F, AF WEY HA 7] 2FP A, ATC-7: 19-101.

A& (2007). UYLE AE

AR Y E (1998). G EFATF G2 AE A 9o AREA}

=TV ETAE (1998). A E A ez 2AdFAL dokAuk A BaA.

ot A |EdA T4 (2006). ¥

|
71 FAE (2003). FA-AEA BB dEr)x 3 AR AEAE.
_]
AT (1998). He s H AR sk HAH @70 A HHFY FFH 544 e 9,

- 36 -



WAL =R Eaoietn
HEF (2002). B Aol 3 Fak dEo) EREY 24, Fohukal 89 =¥, Solujsty
AEE (2005). FAF A1F QARE gzvE A} ®IA, A B
WEF (2007). UJLE A8
Jotetd #8 $99 (2006). AS A=
2719, ol'd7l, ARR, AR (1996). FEL 37 L AP} 459 wdy 54, gPEEs
S s =8 (I): 543-546.
Z3HE. 1987, @] FAHoF, wekd A}
RAE, AN, A, ol FH, AT, AR (2004). FEZ AL Aok o] B @Y
A& &2 A 9T, Proc., ATC-7 Symposium, 9 9FA]uF AFo] x| ubgata Zalol A]3 Ald: 69-81.
AL, AFE, oW, 2719 (1999 $EZF AT Qdobmmel ud mrgs @k
FEANEEs] =5 158 4358597,
Z

A, AT, A, WEE (2001). FAYES] AwkFety 46 @8 1E, Proc., ATC-7 Symposium,
E g R AR A 27-41.

A%7] (2007). UL E A=
kg el 94 (2006). AEASAE

T EATAE (1997). Aok Ayt AsASd BE AT, B BEF A
B (001). G5 F9o AFHNE HH 54| B 12, Proc. ATC-7 Symposium, FH 5 23 o]
EQ 54 9 Auble o) 3. 45-53.

Fd, & (1999). b BEFAT AgF B4
Sk 2| uk3at g

g (2003). b AFA G A 2ak HE g EF B4 AT, I} Y =E, ol

Bejerrum, L. (1954). Geotechnical properties of Norwegian marine clays, Geotechnique, 4: 49-69.

St a3

ok

Al

ok

by

o

g AT 99 THE SR

e
M
™

r

ol

£t

Bjerrum, L. (1967). Engineering geology of Norwegian normally-consolidated marine clays as related to settlements of
buildings, Geotechnique, 17: 81-118.

Brenner, R. P., Chilingarian, G. V. , and Roberson, JR. J. O. (1981). Engineering geology on soft clay, Soft Clay
Engineering edited by Brand E. W. and R. P. Brenner, Elsevier Scientific Publishing Co.: 159-238.

Chung, S. G., Back, S. H., Ryu, C. K. and Kim, S. W. (2003). Geotechnical characterization of Pusan clays, Prec.,
Korea-Japan Joint Workshop on Characterization of Thick Clay Deposits: Reclamation and Port Construction,
ATC-7, Busan, Korea: 3-44.

Fairbridge, R. W. (1961). Eustatic changes in sea level, Physics and Chemistry of the Earth, Vol.4: 99-186.

Giao, P. H., Chung, S. G., and Yoon, D. D. (2000). Settlement analysis of Yangsan soft clay, @E} ¥ A Ed] w3
Workshop =3, ATC-7: 18-37.

Johnson, S. J. (1968). Precompression for improving foundation soils, Proceedings, ASCE, , Vol. 96, No. SM1: 111-
144.

Kamon, M. and Ito, Y. (1984). Function of band-shaped prefabrication plastic board drain, Proc., 9th Japanese
National Conference on SMFE, Tokyo.

Kazi, A. and Moum, J. (1972). Effect of leaching on the fabric of normally consolidated marine clays: 137-152.

37 -



Kenney, T. C. (1964). Sea level movements and the geologic histories of the post glacial marine soils at Boston, Nicolet,
Ottawa, and Oslo, Geotechnigue, Vol. 14: 203.

Kitada, N., Suwa, S., Saito, R., Iwaki, Shogaki, T., Nochigawa, Y., Jeoung, G. H., and Park, S. Z. (2003). Geological
investigation of Pusan alluvial plain, Proc. of Korea-Japan Joint Workshop, Characterization of Thick Clay
Deposits: Reclamation and Port Construction, ATC-7: 129-135.

Kim, S. K. (1999). Large consolidation settlement occurred during reclamation works in the Nakdong river mouth,
Proc., 99 Dredging and Geo-environmental Conference, Seoul, Korea, pp. 35-48.

Kim, S. K. and Kim, Y. T. (2003). Optimization on unusual thick clay deposits, Proc., 12th Asian Regional Conference
of SMGE, Singapore: 1415-1422.

Lancellotta, R., Maniscalco, R., Battaglio, M. (1981). Preconsolidaione dei terreni consivi mediante precalico e dreni,
in: Atti Istituto Scienza delle Construzioni, Politeccnico di Torino, 505, Turin.

Leroueil, S. (1996). Compressibility of clays: fandamental and practical aspects. J. of Geotech. Engineering., ASCE,
122 (7): 534-543.

Lim, H. D, Lee, C. H.., and Lee W. J. (2003). Geotechnical Characteristics of Yangsan Clay, Proc. Korea-Japan Joint
Workshop: Characterization of Thick Clay Deposit, Reclamation and Port Construction, ATC-7: 59-70.

Lunne, T., Robertson, P. K., and Powel J. J. M. (1997). Cone penetration testing in geotechnical practice, Blacki
Academic & Professional, an imprint of Chapman & Hall.

Marchetti, S. (1980). In-situ test by flat dilatometer, Journal of Geotechnical Engineering, ASCE, Vol. 106: 299-321.

Park, S. Z., Jeoung, G. H., Park, J. H., Bausista, F. E., Suwa, S., Tanaka, F., Mishima, O., and Tanaka, M. (2000). The
Mysterious formation of Nakdong River estuary soft soil, Seminar on New Strategy Geo-techniques, Ground
Improvement and International Codes, ISK 2000, Koich, Japan: 41-48.

Park, Y. A, Kim, B. K., and Zhao, S. (1998). Sea level fluctuation in the Yellow Sea basin, Journal of the Korean
Society of Oceanography, Vol. 29, No. 12: 42-49.

Prinya, N., Yong, R. N., Thingchai, C., Somkid, B. (1989). Land subsidence in Bangkok during 1978-1988, Workshop
on Land Subsidence, Bangkok.

Pusch, R. (1973). Pysico-chemical processes which affect soil structure and vice versa. Proc. Int. Symp. Soil Structure,
Gothenberg, Appendix: 27-35.

Rao, K. G (2004). Comprehensive experimental investigation for geotechnical characteristics of Pusan clay in the west
coast of the Nakdong River estuary, Ph D. dissertation, Dong-A University.

Rosengvist, I. Th. (1953). Considerations on the sensitivity of Norwegian quick-clays, Geotechnique, 3: 195-200.

Shen, S. L., Xu, Y. S,, Cai, Z. Y., Hayashi, S. (2006). 3D-analysis on land subsidence in Shanghai due to withdrawal of
groundwater, Proc., International Symposium on Lowland Technology, Saga, Japan: 247-252.

Sridharan, A. (2006). Engineering behavior of marine clays: some fundamental aspects, Special lecture, Proc., 2006
ISLT, Saga, Japan.

Suwa, S. (2002). Lecture note, Japan -Korea Seminar on Nakdong Delta in Busan and Osaka Bay.

Tanaka, H., Mishima, O., Tanaka, M., Park, S. Z., Jeoung, G. H,, and Locat J. (2001). Characterization of Yangsan Clay,
Pusan, Korea, Soils and Foundations, Japanese Geotechnical Society, Vol. 41, No. 2: 89-104.

- 38 -.



