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A Study on the Optimal Mixture Ratio for Stabilization of Surface Layer on
Ultra-soft Marine Clay

34" Byung-Sik Chun, 17 #”, Kyung-Hwan Koh, #2%&", Jin-Chun Kim,
347" Yoo-Chan Han, £4 <" Sung-Woo Moon

SYNOPSIS : Recently, as large constructions on the coast are performed frequently, surface layer
stabilization method which i1s one of the improvement methods for dredged soft clay has been
applied. However, there have been few studies about the surface layer stabilization method. The
purpose of this study is to clarify characteristics of ultra-soft marine clay and hardening agent.
Also, optimal mixture ratio of hardening agent was verified through the laboratory tests such as
statistical analysis and pilot tests. Laboratory tests were performed with proper hardening agent and
test soil and standard mixing tables of hardening agent were determined according to ground
conditions through statistical analysis. Also, applicability of surface layer stabilization method to field
was verified by pilot tests. From the results of the tests, it was found that hardening agent
materials such as cement, slag, fly—ash, inorganic salts, arwin, gypsum etc. affect on the appearing
compressive strength. It was defined optimal mixture ratio which satisfies the required compressive
strength from the statistical analysis. Also, It was compared the effect of ground improvement by
cements and hardening agents through the pilot tests. This study will serve as data for design or
construction criteria of stabilization of surface layer on ultra-soft marine clay.

Key words : hardening agent, stabilization, optimal mixture ratio, marine clay
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AT FUdME AFIH5EE, 9T QAFATY, dEA AskE AATAL A - Fat AR FSAL
R FUAETA T AR SAALAFAE Q@ ARER T GRS AlFQAsN FPHa . 5
5l TEZF gasta, Aol win2 S8 Iadd ojddle &8ax] ¥d M- FeidAle 24
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g FA Fol ofd HFHAHIYFTA T, 199).
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Add a2t 4F CduAEge FY3d, 387t nHAE AP - =@ete] 2FAGHA 23
BAES dAsen, o8 Fi ¥ Ads TALHSE NFEF FAF IFE FE A% A=
& Fristdat. =g A AR At dAste] AZANFAETE Fa maAel] A7 At 3
HAES EFNFEAES FAstx, AUHAFZAFAe vl - EA o2 A9 HEAHe ATt

2. AE R 3] 28X 5
2.1 LIAES]| X|EHZas] WA

2 are F gaEzA 2w AsA AN =
SesT

re

o 24 AHAAEE WA 2F ARAFL

211 82| - 8z mM
AR g AW 28 - GgAEEAE ¥ 1% 2

¥l 29 2 9818 2%

Rk rAe
2p | AT | 2 | BPA | 2905 | gqua | B2 E | ARIOHD e
= (%) (%) (%) ° == (kg/cm) oMmc | ce Pe(ke/em) | Cv (cn/sec)
Vamax | OM. (E1714b8) | (log v4)

- BO ~ 1.303 | 2488 529 ~
Az 1010 266 %58 264 CH 0.17 a515) | 2000 0.607 0.27 896%10™

2.1.2 33 =4

B Ao tfArES As] PPN EN 3t X-ray FFEAXRF) 2 X-ray 3| HFEM(XRD)A %=
¥ 29 2 15 o] U YRE AHES o] Fo TAHYEL Si09 ALOsZA oF 722%E A
A sh3 ek,

X 2. A& A HAHAES] XRF BAANAA (st 24A1E)

3813 £(%)
Si02 A1203 Fe203 Ca0 MgO NazO SOa Kzo TiOZ P20Os5 Ig—loss
28 MAHHE | 5421 | 1794 | 680 | 1.27 | 1.78 253 | 028 | 293 | 070 | 0.12 11.44 100.00

¥ SUM

e

690 T

soe Q : Quartz {e-5ir)
M : Mussovite (K20 - 3ALOs * 6SiOz * ZH20)

400 K : Kaolinits (AlQs - 25:Cx - 2H20)
A : Albite (NazO+ A1Os * 6SiCr)

300 O : Orthoclase (KzO * AkO3 * 6SiO2)

[o]
200
M A
100 K
8.0 . : T

T T T T
1e 20 o 40 1 (*201 69
JHCLAY .RD

2% 1. Ad 4 ES] XRDEA 2%
2.2 Xy tng g AlE
2.2.1 DX MH

2HAZ AEHE ARE TEASAVE, SHIATFIANE, I H7MFARE, F719FHHIA
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HE, ZANAEZAHAVNEANE Foz A Us F ey n3A FFH2 HARLS g E-d EA
olsira ZAHEY. wetA, B dFNAME 2IAE 23] Y3 958 oS3 go] AAHY.
# 3. 13A
134 98 Level 1 Level 2 Level 3
EEJ=AANE(P) 15 3% -

R IEL(S)

4000cm®/g (30,50,70%) | 6000cm*/g (30,50,7096)

8000cm*/g (30.50,70%)

EolAAEL(F)

4000cm”/g (10,20,30%) | 6000cm“g (10,20,30%)

8000cm®/g (10,20,30%)

F43(G) 5% 1096 15%
ol d(A) 5% 109% 15%
719 /% (M) 1% 2% 3%
* 271G HM)E KCI: NaCl : MgCl; = 5: 3: 22 Z%s Aq=z9.
A7) 2+ 13 A gzl Ui PR ENAAE E 49 2o
13A 959 AR A
ltem Chemical properties (%) 5
Si0y ALO; | Fe(s CaO | MgO | NaO SOy Ca0 | Ig-Loss | KO
1% Cement | 08 567 274 20 3% 014 234 051 12 156 100
3% Cement | 1950 57 324 230 230 011 3% 080 118 089 100
= BB 53 044 212 570 0% 208 001 027 045 100
o} 651 57 167 472 11 010 105 | 030 119 063 100
BeM g 238 0 004 056 - 001 557 - 208 004 10
2.2.2 A3X2|E0 Cist LA E(OIHIAIE)
(1) 28A =%
2EA 2EE X 49 28A A8E QOB JIEARE 2F(EEIA=E ANIE 1, LEAE AWE
33)8 2¥E EA$Y F BFF T F 5071A IAE Yoz ] 279 ‘I}% JulA g S 3
HEAde Hrisle EAY %‘%o}ﬂz} i g=
¥ 5 13A =3
Base Cement Z% 1 Z3 2 Z3%F 3 * P XEAC AlWE S £ F: Zao] o4, G: FFA,
P154 3 P1S4.5 | P1S4.7 Aokl M: F7|9% PL P3: 1% 3% S8 Anle
P1S6_3 P1S6_.5 | P1S6_7 S4.3, S4.5, S4.7 : AHE o] e 309, 50%, 70% 37}
P1S8_3 P1S8.5 | P1S8.7 Zo] 2@ 2R (R LE 4000 oni/g)
b1 PIF4_1 PIF4 2 | PIFA3 56.3, 56.5, 6.7 .;] :‘]ﬂ Ejﬁ;j} ?(30;/‘; 5:5/(;’(') 72;/(’)1“47}
5 =3 wEH (TR cr/g
(1% ARlE) | PIF61 PIF6 2 | PIF6.3 S8.3, S8.5, S8.7 : A|MEe] UF 30%, 50%, 70% 7}
P1G5 P1G10 P1GI5 o) SYTRL(ETE 8000 or/g)
P1A5 P1A10 P1A15 F4_1, F4_2, F4.3 : AMEZe] g 10%, 20%, 30% A7}
P1M1 P1M2 P1M3 o] ZalolofH B W(ELE 4000 cr/g)
P3S4 3 P3S4 5 P3S4 7 F6_1, F6.2, F6_3 : AAE=Z] i3l 10%, 20%, 30% &7}
— . . o] ZetolofH R uH(E LT 6000 cri/g)
P3S6.3 | P3S65 | P3S6.7 | G5 Gio, 15 AdEae) diw 5%, 10%, 15% A7t
P3S8_3 P3S8.5 | P3S8.7 B ,
p3 P3F4_1 P3F4 2 | P3F4.3 A5, Al0, Al5 : AlWlE=Fe] wIg 5%, 10%, 15% H7he)
(32 AwE) | P3F61 P3F6_2 | P3F6_3 ohd N X .
© Al = . 13 o o, 0, 0, v 0] =
P3G5 P3G10 P3GI5 M1, M2, M3 : ;131_ Fol 3t 1%, 2%, 3% HA7tEY F7)
ar
P3AS P3AIO | P3AIS | » Nueeel e 271300 AUEZ+ A AFS 100%
P3M1 P3M2 P3M3 i %]—?; A (M7 o] 10%2t Al-ER 90, A71A 10
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(2) drAd 23
2719 AuAd ez RY E29 AAE Add tSF 2o

O dZ2E AAY d5UFFES 034 ke/on, 15 AHNE EF FAAE 072 ke/en, 3FT AWNE E£F
FAAE 0.79 kg/cn 2 VEFRLTE

@ AFH(100%)A A ZHFFH(200%)2 245 dSUFHFET 1/2~158E2 FH3 gid)
AEE YErAR L, 200%9] FrvledM e 95 2 dEl EYYd F ARG Yo
AAH @ ol o] Fo|AA] FU.

Q@ FrIEFU EoldfH F5E BEF dFUSAET 08 ke/aiolH=ZA nAZA 9 Jlsg
oA X8 A=Y FE FEE e

@ eI oA A ELEV FUMEFE 4SAEI S EEoloiH A
T+ 2AZE AdH ez f A2 g dehidd.

® 27 duAEZAZRTEH, 2AFS 4T ”ﬁ}xﬂ 2% F/1EFY Etoldde AxLdo] B
H7HA o |3 o5 HQEE ALsti, FAEEA AANEAFT AIHNE, 3F AHE)S} i,
M, o9 23dte Aol AgAolgtn dEHUA.

L MHAGY o BAH R EZARM
3.1 dEAI=IYf 25t 2AIE

o rlr

i

| felo] wgol Fo% AP FL ULIE wotstd 1 JPo] FHOT o= FE 2AE @
blln £o% FPe FE AAEC] oW 2L A W Y MANT Ve VS F YL
Cohi/] H8 APADY Tt ol Aol SUAL ATl WA ojd Fhdol W) I
2 732 Qe W, o Mg W4T o) FL WLEW UF FAM FA% AW WASE WL E

E"‘L-E-"ﬁ*ol Aok(ekAd ¥, 1998).

E AfgMe HSEHENFT A 359 Hgez -—71’-‘%"1—‘1
(B Ao A k=3) 54 H(Central Point)¥} =3 (Axi
(Central Composite Design)& ©]-&3} it}

detr] st W] F7b kA A
_9L°M}?§°ﬂ FINZ FATEAAGY

l\) -()ln

3.1.1 EAE A#

25N ES quARAT] o8 BAFPel HeF ushA dEE HE TEAS AWVEIEF, 33)9
SRTRBEDE 6000 ar/g), M R+otA(EHE 10%) 5 2A 32 AHFAT. AWEHL 243
7l 9% 49 WA SHATE YSYEPESH(TY, 289 FE)S HEsAm, APA4zE o
Hl(w), LA HHA), SAIRT TG S(S) A2 AFAAY APALYRAL E 63 2o}

6 23AdHE

23 No. S H) (%) 234 H7h (ke/m') | slag b (%) A7HA

1 100 100 30

2 100 100 70

3 100 200 30

4 100 200 70

5 200 100 30

6 200 100 70

7 200 200 30

8 200 200 70 nstA FHX10%
9 150 150 50

10 89.2 150 50

11 210.8 150 50

12 150 89.2 50

13 150 210.8 50

14 150 150 25.68

15 150 150 74.32
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3.1.2 M8 d3

3}

E 69 AgARADY & 15714 AASEY 2ol dF EPFAYL FAF AR E 7% 2o

X7 4954548 24

e (43 15 AdE 3% AWE
ag g | 29| Sk lsza ese|NE S o) | AN GsaaT usas [ wzgs | uzas
No.| 6 | G | o’ | @ | @ | 35 | T | 5% | B | TR0 |FEEsD| A=) | FEE8)
(g) t/m) (/m) t/m’) (t/m’)
1 100 100 30 160 160 123 | 53 | 196 | 196 21.18 31.98 23.96 36.22
2 100 100 70 160 160 5.3 123 | 196 | 196 16.17 29.11 18.69 33.96
3 100 200 30 160 160 | 247 | 106 | 392 | 392 33.73 60.59 37.53 66.05
4 100 200 70 160 160 106 | 247 | 392 | 39.2 40.16 61.43 44.03 68.12
5 200 100 30 106.7 | 2133 | 123 53 | 196 | 196 10.13 17.82 11.31 19.36
6 200 100 70 106.7 | 2133 | 53 123 | 196 | 196 9.55 17.18 10.22 18.40
7 200 200 30 106.7 | 2133 | 247 | 106 | 392 | 392 18.06 27.97 19.68 31.02
8 200 200 70 1067 | 2133 | 106 | 247 | 392 | 39.2 13.47 26.15 15.88 28.78

9 150 150 50 128 192 ] 1323 | 13231 294 | 294 21.04 30.80 23.89 35.99
10 | 89.2 150 50 169 151 | 1323 | 1323 | 294 | 294 36.17 60.04 40.02 66.10
11 [ 2108 | 150 50 103 217 1323 | 1323 | 294 | 294 14.63 22.10 15.83 24.68
12 | 150 89.2 50 128 192 | 788 | 788 | 175 | 175 13.23 21.86 13.95 2291
13 | 150 | 2108 50 128 192 | 1859 | 1859 | 413 | 413 45.59 68.40 50.71 76.85
14 | 150 150 2568 | 128 192 11966 | 68 | 294 | 294 13.20 25.12 14.23 27.08
15 | 150 150 7432 | 128 192 6.8 {1966 | 294 | 294 1431 26.55 15.40 28.17

YEGENYE AEPZAYE ol g5l WP Moo 5U 37 FTAA st S5
on 7+ 2%e] YFYFAEE I FAA ANGAAA FFgo BHFHAL

E 129 o] 157kX) AASEY zgel dg A@AFHel 5E, duABATRA s go| FY=
o WHA 3% AWEZ 15 AWEd ) 105 ~ 120AE 2 FFAEE Jeygen, 4t
zrlg4E 3249 ZEAS AL YERIAT £ 79 2EE 8Y FE 55 ~ 65%HE AoE
Jehton, 18 £% F SA2s AXGE W& 50%Y W AN@e GHND, 0%8 =7 8t
H9E e 30%7t BhE AR FAS ZESHS VEbdch

3.2 SHEY

U%LYEAYAHE data vectord] Hg3te] 13 AWES 3% AWES BF 24 FAPPN L F5
W e 2o

o 13 ANWES 79 Zxd U FARAA
y=23.4702 — 6.4444x, + 7.0694x,— 0.0956 x5+ 0.7649%, % + 3.4768x; % — 7.1105x3 > — 3.0863x 2, — 0. 8238 x5 + 0. 9288545
o 1% ANWES 28¢ o] tid IARAA
y=36.3307 — 10.6169x; + 10.8206x,— 0.1019x3+ 1.9758x, % +4.7216x, % — 8.3274x5 2 — 5.2263x,25 — 0.0538x, 3 + 0. 3163x5.x3
o 3% ANHES 7Y ZA=o ug IALAA
y = 25.7471 — 7.2750x, + 7.9038x,— 0.0825x3+0.9079x, % + 4.0391x, % — 7.8061x3 > — 3. 11002, — 0. 76502, 3 + 1. 1325255
o 3% ANWES 28W Hxo g AAYHY -
y=40.5823 —11.8519x; + 12.1194x,~ 0.0756x3 4+ 2.2307x, 2+ 5.2673x, 2 — 9.7836x3 > — 5.2438x %, — 0.3763x, x3 + 0. 38135 x5
2 A7 vdARIEFTA A FAAES %—é%av(cgw € o83t AALAHY
4 = (Precision) & £A3th ALY Y=E 3
= AYA+RYE B gt
FZAZ2(Q+); o 93t 13 ARE 79 Z=o g IALAAY RS 091622 ez
289 7 %o it 3 ALAA e R%ZES 0938322 vehdrh =3 3% AHE 7d Zxo oist 51?1‘:“
A2 o] R*zte 09167 UrEP;kOB% 289 7} =9 tﬂfﬂ 3| A A 2] 9
714 R%e] gt 0<R?’<19 W¢S zod RS go] 1

R*zt2 093552 et}
o ANEFE B AEE e} waA
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A A E AT HARHL YAZ AT FFNA o) FojHYn B

2zt EPus(genl, nAY, SdTN)% FEAFAFLELR) BAS Dotur] Asto)

Aol APAsst FARNE vz WA FUE TEYEAAQH), B ol&ad AW 2

ma|

12273 . 41,833

o0 [FE=3 VT 210,000 5.6 b
o

a9 2. 1% AYEY 79 Zxe dig R

dYelM SdFEE ZFEF7HEEE UEdz gled, ad= <
HollM B wheh o] ul7t A S5 F, usAFol ‘E%S-’F
azb AAste B2 50%Y W ZAE7F HddE € 5 Aok
o2A, dbeEY FA gty Zzte SFMF (T, '7§}ZH
=8 #AE 44 ¢+ U

3.23 SAHENM 42t

YE2UAEFH T F9FS F= 71K FARAHATEY ?:}Tﬁl A H, s 2y 8) 42‘5} FEEA
< FAEANE 43, EAE 2H39 7‘01 AR 1F AHERY 3* AHEE AFES Ro] YU
ZANA Z=7 105 ~ 12MAZ, FF 1L18AE o =ZA 149.t AL ¢ F Yo, 79 REE= 28
d FEo 55 ~ 65%, WF 60%F= Aeg Jeyr 13 AHeEe AdZ5AEATc 1A FF

z solast Axste ulge 50%Y 9@ HARRE AW, 40 — 60% BARAAE 2 Holr} gl A
oz etk T@ s ulgol 70%Y ek 30%Y W naHAEe] J2FEFEE Az ztols}
e e, ol U ug 50%Y W AYFAES 38R AELEL e

l

4. HZANEANZ
4.1 MFAEAZ 2
E AFedMe 2uiAge o) widAE 2 RIVMFEAE BA6Y) Astd B WA

2l fﬁ%"i‘% HPAHFEE AFATFAZ dAstd FFnAHYE 24 5}951 A = 7PE°P°H 2} f
AE E=d FAHEZE HPHFEE WY - Frlstd 198 AT H li/ﬂ HdEe 2 4L

Nl

|

|

Bl F A A g H] (%) N $-A (%) 2 AT (%) A2 2 (kg/cm’) TUYER
2.65 98~101 55.75 2643 0.17 CH
AFREAE B TmXTm, 27§ 2(A, B Site)Z2X A Sitedl= 15 2§ EEA= AHEE, B Sitedl &

AUA g s g EAE neAE 2L M L2 F(w'd 200kg) FUs] AFAFAE vy
Buzt st 28 Azxg AT 1A 0 B sl 12 2 AHAE B, 1994). &8 A=
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£9 8% 92939 2%
A Site (AHE AFRA) B Site (L34 M F5A)
SEXTES DEXTE e X AEFELE
A 79 (/) A2 289 (/) Ag 79 A 289 (/)
No. 1 18.77 28.62 27.36 -
No. 2 - - 31.05 52.20
No. 3 15.03 34.92 - 4796
No. 4 16.13 30.66 29.90 48.82
No. 5 - 24.47 32.12 51.21
No. 6 15.18 26.31 35.71 57.12
No. 7 19.95 29.55 32.44 55.36
Ave 17.0 29.1 314 52.1

VEYEFEAY Ao odatd A2 79 FEE 28Y BES o 60%FES] FES tehyu, o
E AYNRERSGE QABE ADE AFRAN] F2F AR AFYEFEE A AFEA
N 223 R0 ASYEAES o SHRAEZ et £3 2 uguel g9 @43 Ay o
£4EAEE visted nY, % YEAEFE(q,)E A% 79 314 ¢/, 42 28Y 521 /m o=, A
W AELEFE(g,)Y Y3HER YEio

JUNEeE 78 AFAZLE(g,)% BN 38 NS YFVELE(g %] BAE AT
AAst AUNEE EYIIAY s ¥ TRAEY o), FALEY Ho] B AT ol A

A

Ed gl 2ol F o2 29 wEd BEA dAsAE Few nabd RIS gy F gy I
&S sty dAsts Aol EF ol '
(2) FAAsAY 23
FAE7] A AP 1493 2899 FEAFA A g FRAFANG S AN

NFFA e AR H &
1

Roew a2 A E 103 #o

£ 10, ARAAY 23

FEF (/) | HE8F (V) | FESFFAEESF () | A H A (/m)
AHE fFRA (A& 14Y) 74 37 7 13,600
ANRE ANFEA (AE 289) 79 395 55 16,000
R NERA (AE 14Y) 92 46 7 16,800
nskA AFRA (AE 28Y) 108 54 24,000

E4M02 JeANE e FRATAEY 12 BE FRAFREY 132 RS 2AYINE &
Z-95F TAYY WsFol AT FrhHE RRAA FBAFL s EANAL AT

FRAFAND AT FRGFFEE +F-AtF TANA A% 149 ANE AFRA(A Site)e] & 74
t/n, A2 28] AS 79 /moz Uehdor] nahA AFEA(B Site)e] 2% AP 149 92 t/m, A
2 289 108 t/m o2 UEWrh E3 a+3-25tF SN BE 5=1.25mo] W o/69) e X uku
AAS(HE L, o) EAW obya} AsEe Ay Pk MR e wig,
FRAZAES 128 Aot HENANDL ARET, o) wrE WaF L 5-125m dg A
AAS (k) E T E 107 20 ARZAT dW AY 1499 FRATE A4Y 28U FEEo
o 90% AT Aow Yeigtord, ngAel o5 AFd BAe ANDL AWE AFRA 2 Fo]
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vla) oF 1.3 ~14¥WiAE ZA et
5. 2=

AR 9% nRAPdEs] AEHFEY 2 PNYNTE @ A72BE 2o FHw
9o 2.

(1) 2 479 gAEY A9 AHPLEE EAEFA CHE BREQoH, 2% A 23 - o
$A Yol gt 2y APPESG AT Aoz Urhnth

(2) UM EY d2AEFAET o 0.4kg/anrZ YeElR s, AuidES} 15 AldEe 23 FAHE 0.72ke/cn,
3% AWE £ FAME 0.7%g/crE VERETH

(3) dulA g Ay FrdF} Setolodw B HZMAO vl& HHAEI) FUiH oz uf$ Fol A s}
3, AFAFHA 23 EAFA = AWME(, 3F3)Y €2, oY, AuE XTI HAsE
Aol HAH Aoz BUHUT

(4) EARAEL 23 XTFuFEd ity 12 AWERT 3F AHEE ALL3 Aol BYd xAdA
ZAE7 106 ~ 1200A %, HF LIMAE o A Jebhgon, 79 ZF=E 289 ZF=9 55 ~ 65%,
HF 60% A= Aoz Yeyt '

(5) A YRS dEUEZAEE 1A FF F £dart AAEE HEL 50%Y 9@ HgS A
9, 40 ~ 60% HHAUAME= & o7t e A2 YElgg. X3 & ¥ &0 70%2 Wt 30%
d o AR ASAEFHEE AZ Aol7F A gler, €1 v& 50%Y o Z=(HZ
)9 3/44 59 ZAEREE YEH. ole asAFdA EH vt AA sk H]go] FEFE 1
A FoA AAEZL AA|SE vl &o] FAAhde Aoz2AM Fdar AWE HlE FEdd &
dgg AR B3 RoE FdHAUG.

(6) g<u] 100%9] 2 A HEAA AFAFATE A A7 AHE AFRAAN FE5FF Al59
AdZUAEZATE 18 A AFREANA FE23 AR dEUYFAE < 55BAHEE UElgten, #3
o dE2AEUE(g e AU AdEUEFAE(g0d 23HAEE Yt E£3 AH 79 F=+ 28Y
FE9 o 60% A=Y FEE UYEUY, ol AUAE diox X g

(7) BaASA A s EAANHE AINE AR H9 AH 149 37t/m’, AH 28Y 395t/mo=
Vel o, n3tA R e] A AFH 149 46t/m', A FH 28Y H4t/meE Vel =3 AE 149
o] gEEFTE A 289 FEINFT F 90%HEA Rz vegtoew, zm3lxje] o3 ME {4
o] AREL AAE MFRA Ao v ¢ 1.3 ~148AE & A2 EAHAY. '

aAle] =

B AAEHANE WEE03  AFINLE AT BEFARALE )
2 wa ol Ze AE =YYk

T 2

SR TAL FHATAR(1998), QAR NFITY AL #E A7, pp2~84.

F3 & (1998), A A Y, WIFAL pp.347~385. '

3 & (1987), 3| ARA, tHAA} ppall~471.

A F4121(1996), A wHE8HgojAbA, A Y=, pp.94, pp.367.
A H714(199%), “gotst Atz dol nAEHe] ANRAa RS B A7, FF AT 3R],
pp.115~130.

6. ¥TAA7IEAFL(1998), “AekA et A5 AdAA AT, pp.33~65.

7. MBEH—BB(1992), X HEE TILEE, BHITE, ppl~14, pp.175~242.

8. AWFEER(1994), £ 4 > FR BEMEMIC L 2HBHE == 2 L (EEMR), mEEA + 2> e, pp.232~257.

9. BREWMEEWICA999), EELE - 2> 7 ) — A& > F7 v 7, pp76~77

10. Bergado D.T., Anderson L.R., Miura N., and Balasubramaniam A.S.(1996), “Soft Ground Improvement
in Lowland and other environments” , ASCE press, pp.1~9, pp.234~304.
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