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The Behaviour Characteristics of Strength and Deformation of the Deposited
Soft Clay Owing to Contamination
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3 3 ¥ Ha, Kwang-Hyun

Abstract

The chemical property analysis on the deposited clay using scanning electron microscope and energy dispersive x-ray
spectrometer were performed. Also, the triaxial compression tests and consolidation tests using NaCl aqueous solution
and leachate as substitute pore (or saturated) water in samples were carried out to find out the behaviour characteristics
of strength and deformation of contaminated deposited clay. From the chemical composition analysis results of clay
samples, the magnitudes of composition ratio were revealed in the order of O, C, Si, Al, and Fe. Of these, why the
ratio of carbon appeared to be large is estimated as due to the increase of the phyto-planktons after the construction
of tide embankment. In the triaxial compression test and consolidation test results, the shear strength and compression
properties have increased with the increase in concentration of contaminant (NaCl). This phenomenon is considered as
to be caused by the changes of soil structure to flocculent structure owing to the decrease in the thickness of diffuse

double layer in proportion to increase in the concentration of electrolyte.
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SH-01 Weight(%) | 29.44 34.91 0.89 1.25 6.87 16.58 1.63 2.17 0.62 5.63 100
Atomic(%) | 42.36 37.71 0.67 0.89 4.40 10.20 0.79 0.96 0.27 1.74 100
SH-02 Weight (%) | 10.09 40.16 1.02 1.61 11.30 24.50 1.13 4.49 - 5.69 100
Atomic(%) | 16.79 50.20 0.89 1.32 8.37 17.45 0.64 2.30 - 2.04 100
SH—03 Weight(%) | 18.52 36.68 0.86 1.76 9.86 21.02 1.43 2.99 - 6.88 100
Atomic(%) | 29.11 43.27 0.70 1.37 6.90 14.13 0.76 1.44 - 2.33 100
SH-04 Weight(%) | 18.72 40.72 0.35 0.88 7.61 20.84 0.73 5.54 - 4.61 100
Atomic(%) | 28.74 46.92 0.28 0.67 5.20 13.68 0.38 2.61 - 1.52 100
SH-05 Weight(%) | 16.23 39.67 0.97 1.85 7.83 24.79 0.77 2.14 - 6.04 100
Atomic(%) | 25.52 46.83 0.80 1.21 5.48 16.67 0.41 1.03 - 2.04 100
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Atomic(%) - 60.96 0.82 2.09 8.63 19.71 0.89 1.98 0.6t 4.3 100
SH-07 Weight(%) | 23.13 37.56 0.82 2.35 7.39 16.51 0.82 1.81 - 9.66 100
Atomic(%) | 34.97 42.57 0.65 1.76 4.98 10.68 0.42 0.84 - 3.14 100
SH—08 Weight(%) | 34.25 35.83 0.60 1.43 6.19 12.69 - 1.87 - 7.15 100
Atomic(%) | 42.27 37.12 0.43 0.98 3.80 7.49 - 0.79 - 212 100
SH—00 Weight(%) | 23.07 32.43 0.72 1.36 8.81 21.85 1.51 4.29 - 5.95 100
Atomic(%) | 35.57 37.55 0.58 1.04 6.05 14.41 0.79 2.03 - 1.97 100
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pH 815 | 812 | 7.7 | 7.99
Hardness(mg/L as CaCQOs) | 979 | 1,064 | 905 860
Ca?* (mg/L) 136.8 | 81.9 | 110.6 | 47.3
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|| as3is%  o-4320%  -wswsd || e
| s |
S 280 i 1 N |
< | { ~-sway  eugal  wguun | o 15 |
S o200t fTTE P 3T T g i
< L . T S
g | | | S @
K 150 ;’ R "“f - *"**——" ™ 1 g
5 i | ‘ l ‘ 8
>~ 100 r—-‘-|~“ I it el St O 5 - -
! ! | ! !
50 ‘ 1 x
: | == : ‘ 0

0 5 10 15 20

0 -
0 50 100 150 200 250 300 350
(o' + 0.7 )2, kPa Concentration of NaCl Solution (%)
J8 8. (o1'+os')/20Hl TSt (04'-03')/2 EAIM 38 9. NaCl =0 e HMEE Ha

BN GOEES 20 12 2k ¥ BE

o

HSEH 123



40 | | |

g - AGAYZ(p

o3 356

s 22— AGAZZ(g cw)

8 a0

c

[u]

@

2 25

o

2 M
= ' |
- 20 1 | 1 AN
©

[0]

L

w

— 15

[o]

o

o

5: 10

0 5 10 15 20

Concentration of NaCl Solution (%)
T8l 10. NaCl s=0| e HEx 2 w3l
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AZ No. Ce PclkPa) Mg 2ol
SH-01 0.452 80.0 ERe
SH-02 0.495 90.0 5% ~28
SH-03 0.608 96.0 10% 232
SH-04 - 0.455 100.0 15% A2E
SH-05 0.608 115.0 20% A2E
SH-06 0.548 125.0 HES(3HEN)
SH—-07 0.585 160.0 HEL(BE30
SH-08 0.616 170.0 FEf=s(s bol=an
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124 S=XPBsF=2d H21d H6=

AR Aoz Yeigon], o]2 Hajd g4
7} 27kl Wt §o) PRzt 2|t gEel 2
HrrzE W] giel Ao g wddch A7) o)
2z} 2 &L Z3E AR Q] UrEX|E 0.548~0.616
o ZH42 23kd AR b8l =5 F7lstdsE),
ol IA| Had g4 F&= F7Tol Eer & 129
wHalol| 7|Qlgt Ao g W

# 73 29 132 NS B 34 meAs
512 Uehdl A0 2 NaCl 5571 15%81 A|2& A9
}1= NaCl -89 =7t 718408 Bl 5
ATES BYc) o|9} e AL Jr I oy
wste} FASHA atol5 maRA Aol 7}
3}E]—(Madsen F. T. 5, 1987). &5E 15% ESHA| =R
9] A9 Al F& ol9jol FitoleF T BEY
2} x| FFE Fi= EI(NaCl g2t A=
Atolo] ofl7]12] k2 FHA 2go] FAE Ao #F
Hch

3, A&Ee 23E AR F SR 23tE
Ago| vl FAlert 2R 718t oA HA
A = F7te] W2 Filo|F5e] 74 Hek= of

Ot rE
FIF fr &1%

w
-

Ol
o

o[(‘ _llm

1.08-01 T 2 e 8 8 s e s
[} -x--BR4 —o-- £4BE6% o 22810% ]
[ e 23815% o £3820%  —e—3@EY 1)
- ——aHay —e— @31 —e—QEMO
AT F, B 1 B B 1) e
9 i : N
a ; i N
o= 1.0E-02 |—- Hros bl i A SRS e e
i D S e e
) . i
3 A 2 H
' x [Ty i
. Ty !
‘ | §~.;§ ) '
8 T
! h 2 :
) | i
1.0E-03 -
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04
STRESS (kPa)
A 0
T3 1. QARG |4
1.0E-01 I —FH i 5 A FEFF
= -x--BB% oo A2EE% ---u--i\aam% m
H e 23B16% o £3B20% —=—EHYH
|| ——ayas —— Q@31 —— UEY
1.0E-02 I e 1 1 s s e S
= i T ﬁ,' ::_. =1 ; = TT,,,,
X 3 t B i
s \ : . i
E 1| N, : 1
> . N i
1.0E-03 At + N — —+
— , 2 4+
: e i L B
|
[
1.0E-04 : -
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04
STRESS (kPa)

T2 12, HEHEEA Sm,) SH



H 7. E2Ha{em/sec) M3}

= N stet Hg zsa
No 9.81kPa | 156.91kPa | 1,255kPa
SH—01 | 3.25x107° | 2.87x1077 | 3.34x10™® Z84
SH-02|4.32%107° | 3.61x1077 | 2.46X107% | 5% AZ22
SH-03 | 5.48x107% | 3.77%x1077 | 5.34x10°¢ | 10% A28
SH-04 | 3.86%107% | 2.39x1077 | 2.24x10°8 | 15% A28
SH-05|5.26%107° | 3.60x1077 | 4.89x107% | 20% AZ2%
SH-06|3.61x107° | 2.84x1077 | 5.02x107% | A&4(SHHR)
SH-07 | 3.75X107% | 2.81x1077 | 5.05% 1078 | A& (ELB 4N
SH—08 | 4.02x107% | 3.03x107" | 4.73x107% | &4 (M2 1)
SH-09]3.61X107 | 2.74x1077 | 4.91x107% | A Z4(C)& Ack)
1.0E-04 T S
H -x--88e oo £3EE% oo ABE10%
] A AZW15% -0 - 22820% —a— S
1.0E-05 —o—a"a —e— 0§11 —a—OENY

k (am/sec)

1.0E-06

A%

<+
-
1.0E-07

b

1.0E-08
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04

STRESS (kPa)

213 EAs 3

Hol Aoz Hr)l 1y
FASE Kot AdsHA
'SP ] Hsﬁﬂ IRy l > 2d o]e|of &

gt QAR AT 25T éﬂﬂ Utk F9| B4
o] ¥t E SAR 3t I7]= R 404 4w E i 7
ol 3 B4, T SAL S, A Adje] 2
2 yUeisth AR @3] SIS fARSE AstslE:
(156.91kPa)ofj X&) FpAlE Blars] B, ofd Al
287] WiF@ZoNA HHE JE,2 2349 ARE A
9J3}al= SAR 3 A7) BAE F gE= A
° 2 vepsoh i Al 287] sy HE<=2] SAR
ol B g9 et Agoe S8t B
27t ZA| ERd 3&3 pH7} 25 A7) st
= &3 e AuEgoA 1 adg 2He
ATk 0|} o], Bhito|FT FALt EYRL Lo 1l
A& E3po] FFS EHolng Uk AdS F
A HLF B0 YAt 2 AFNA YeRd
A s & 79, I3keo] pH 8471 SAR 8
axof vls| EFEA Halo] Bt 2%l S v

oz wey 4 9l
oifo] A AR RE, Fo| FE D WPEA
\j

YAtel Lol 23 AMEEH QHEES] o 2o

FHoFS HEerh= 28 BRI%E 4= Qlglon, A&2Er @
A5 £o] Bl AL Hot Bl A8a A=
A7E Fol B AU B R wast
ek

548

HAHEZ FEA 2L U RS fYolA
AFE A=) sl 712 E4AET SEHREAS
AAIB}9ITE ERE NaCl 98- 222]7] “H%% e
2 ZoAZ A= digt HEdSAE T dEAES
TRt} F= gl HFPEA WIS WA A, o3t

22 2ES 42 & Ak

(1) A2HE FRAR et FAHAREHSEM)
ek Y=UAE B o Wy nge

oA 9L,

ek

) NYABAETELA(EDX)S E3t sjelgyE B4
Ax}, 09} C, Si, Al 4! Fer} A 0] 96% A2 }
Aekgiek 5], C vlgo| =4 yertal et
o)A A&V} AFE A o] HRA =22 ¢lF}
of AEEFIEY FAlo] B o|FA L UL
< 58 = 9ok

(3) NaCl £=899] w2 oaldle] Z3X|7] AEAR
o gt HS5UASAE AT, NaCle] 57} S7Fe
£ e E F7Pa o|Re A st 571
T E gtolFF9 FATE FHiEo] o]d) &3t
L Adrler) 271517 hiel Aos mekEr)

(4) NaCl =8l o2 x3A7] AR gt LA EE
I}, NaCl 849 =71 0% A 20%2 F715to]
wat EAGCHE 0452014 o) 0.6082 AR
= %S Bt o]AL Hsid 410“94 iy} ES
7¥eol wet Fol 27t 7kl Aol 2
HizE WHaly| g Aes Helck

(&) 2817] g3 A&z 23X ARES] B2,
FE59 44l wet A= xpol= IX|H NaCl
FeHo R ZIAF ARRUE ZFEZTT FAbo)

SN ClOEEQ QN0 2 YT U HE HESH 125



2 Aoz vehgrt o] A2l st & 23}
FAEP T AJaAgol 71dske =2
e, ER|G(C)= 0.548~0.61602 F5HS
2 23bE AR AEA)g= 04520 v]sf &2
3l FARS Hoji gith

6) FLAFL F3 A& FAg+ NaCl 899
FE7t S/VELE AX e, ook A2 A A
= 9 QMUEA wislel FUsHA DDL Rd=x o
et 4 ok B3 &2 23hE ARE FeA
9} A& AR AnE s dald e w27t
Z7Ygo] wkeh gtolE5e] FA sk 54
gol= A&4e JAHSAR) T FAle7he] A
BA B2 S FRIF 5= A

s
ok

Ir
po)
lo

o|Ato] Al ALZRE], F A=} HMFEHS E
o] 2o} Zokr 2 ARS-H 2 HES] EAdof 93
FFE ks AL o 5 UG £ s o=
o] AAA SoE A FgE, FrHo
| kol Al Ele 2ANA = =47 E
A, & el Y B4 ol 7tgder
Ith= 7HsAlo] & E) whebA, o]yl &
= 4 HYEY AGA BEE fL2EY
to] AAslojol & e
G e g ko] 58}

AE7re] HEgt 18
go| FQa st}
ete | A|3kS x| oflA] A
J AEREHFCRE 2
b dgAtEr SR,
Aol W2 E=0]

1o ¢

VoL d
jnsl

[}

. 4y of
g

O

AU A TV
4 "5
e
b
<o
'r‘[‘l
»ﬁ

T
il
o
5iid
ol
oy
=
oft

ooy 2 e
BN it

=2
4 =

rE
o2
¥

.3
o
g 1o
iy
lo
=2
NI
4> ox

4 o
et
o
kv
>,
ofu
2
-0
e
ot -+

Mo & rfL oot
ro,
:_L

ad
re
-1
1o
e,
FI% -
T

L
o
in

o
™ or

M=ol that 3t
go) St
W EHgEe] 3o}
o2 Amygcth

of
o e i

ft

N

el

ot

ot
2
Im
ox

it
o)

126 SFRAEBEE =28 H212 H6=

10.

1.

12.

14.

o2
Mo
o

1

C ey SRR 2] (2000), <24 B3 HE] 38, 3E

stA BA), ghx/ulareleE=E ] Al6d, A6Z, pp.51-58.

A7), A7 (1991), “s W AT Y AEFE

U3t A, ey ekeEx], #2673, pp.313-323.

CAEE FEE, whey, oldd, 2A4A (2004), “HEA AEF

o9l thzat 23t AE g eE 54 9 HYEA, 5
A F7els]z] A254, A1Z, pp.615-628.

CAFE, Qe 77, ol71E, A, ol FS (1998), “A3kE

AR s, ¥ W FFE 2RI, FFEHFIA, A
144, #4435, pp.469-482.

. QHElE (1997), “@iro] Refjgl EVe|E EFE] SHUF

u X g3, FFXPIFEeRE A A3y, A=, pp.17-27.

. olAT, FRAY, A, FAW (1996), “FFT F A

g7 Wl EHE 540 HE JE FEE FHow, 959
778t8]%] A163, pp.407-416.

AT, A $EF, o)BY (1999), “ABHE BIEHAZ

2% 9 9§ A5y, g5 789, A8y, AsZ, pp.
593-600.

L ARL AAE (1998), “FHtE FHEY HAEFEL S B

2, g7 A19Y, AS5E, pp.524-532.

. Grim, R. E. (1939), “Relation of the composition to the properties

of clay”, J Amer. Ceram. Soc., Vol.22, pp.141-151.

Gruner, J. W. (1932), “The crystal structure of kaolinite”, Z.
Kristallogr, Vol.83, pp.75-88.

Hofmann, U., Endell, K., and Wilm, D. (1933), “Kristallstruktur
und Quellung von Montmorillonit”, Das Tonmineral der Bentonittone,
Z. Kristallogr, Vol.86, pp.340-348.

Madsen, F. T. and Mitchell, J. K. (1987), “Chemical Effects on
Clay Hydraulic Conductivity and Their Determination”, Geotechnical
Practice for Waste Disposal, ASCE, ASTM, Geotechnical Special
Publication.

. Moum, J. and Rosenquist, I. (1961), “The Mechanical Properties

of Montmorillonite and 1llitic Clays Related to the Electrolytes of
the Pore Water”, Proceeding, 5th Int. Conference on Soil Mechanics
and Foundation Engineering, Vol.1, 263page.

Stawinnski, J., Wierzchos, J., and Garcia-Gonzalez, M. T. (1990),
“Influence of Calcium and Sodium Concentration on the Micro-
structure Bentonite and Kaolin”, Clay Miner., Vol.38, No.6, pp.
617-622.

(AR 2005. 5. 4, HAIEE Y 2005, 6. 23)



