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SYNOPSIS : In country, for 2002 World-cup the peak is to construct soccer playground. the
stabilizing method by additives is mainly applied of permanent improvement for bearing capacity of
structure foundation and for strength, durability and transformation of road pavement layer except
for construction machine’'s trafficability and bearing capacity. This study is on soft ground
improvement of OO world-cup stadium field. construction field constitutes of very various layers
and after construction the lawn grass should be planted on the surface of the earth and in addition,
chemical effects should be limited from improved ground layer. Mixing soft clay in field with three
domestic representative additives, it evaluated the unconfined compression strength. In the results,
after curing during 28 days the objective strength has been obtained on about 5% combination ratio.
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FEAs ANWHE JAE nAHE CsSltricalcium silicate), C:S(dicalcium silicate), CsAftricalcium aluminate),
CiAltetracalcium alumino-ferrite)2he 4744 F8 FAEZL FHEZAS AANIIM ZEFASE 7HALE FAE
oty F9 TFF7t AWES Mo, AWEE FA FHFLE dodiv, F& FHYYEZL CSHy,
CsSHy(hydrated calcium silicates), CsAHx CsAHx(hydrated calcium aluminates), Ca(OH)z(hydrated lime)$} 2t}
FHAMED F AL F BEL AWE A glo] Fag AR BoY, #8343 (hydrated lime)e SHE 1A
Aoz dA o ol AWE JAEL Afse ¥4 FHY AUE @Yol HEHWA A 2FTZ
(hardened skeleton matrix)E o]F &6 ol WaEHxA & && Y4t silicated}t aluminates MZ &= oA
HE AFoz HolA FA fuh. £3 CalOH:pd €% -‘?'-—F':—*,"i AAL o]FUA b2 FIELAEF 4oV
T @ ggo] AHMEY 3 Ca(OH):Y E32 A3 3349 pHES FsAAt. Zgre a3 249719
e 5 WA HNE FEH FHEY BUA e nZAFEIZEE Y silicatedt aluminag &3
Atk 2% &£ ¢tAdEr) g8 8 A2 o 314 silicadt alumina® 138 E84 EFEF (o)A A
A8 TAY A8 A2 AHEY AR EE 9oA Y2 calcumol 23 AWSTh o] o) kol
pozzolan ¥Fg-olgly Fc} YEHNT AWEY EFEASL U&H Zo| 9 HIHA ®ssH.
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2(3Ca0 - Si0y) + 6H0 = 3Ca0-2Si02-3H0 + 3Ca(OH): o))

(tricalcium silicate)  (water) (tobermorite gel) (calcium hydroxide)

2(2Ca0 - Si0y) + 4H,0 = 3Ca0-2Si0;:-3H0 + Ca(OH): (2

(bicalcium silicate)

4Ca0 - AlOs - FelOs + 10H,0 + 2Ca(OH), = 6Ca0 - AlOs - FeO3 - 12H0 (3)

(tetracalcium aluminoferite) (calcium aluminoferite hydrate)

3Ca0 - AlOs + 12H0 + Ca(OH)y =  3Ca0 - ALOs - FexOs - 12H,0 4

(tricalcium aluminate)

3Ca0 - AOs + 10HO + CaSO4-2H:0 = 3CaO - ALO;s - FexOs - 12H20 )
(gypsum)

1%%“_5 ANHE?S 75%E FAs 2 g 24U A HA F2AL& F calcium silicate® 9] 3780 N2 BEEE

439} tobermorite ge)& BAAINE RS BT e, 28, 2%, £3v¥s} o] F 44 93 Ay
‘1] Zro BN T 223 988S do. ofgfo] Folzh wEEL WA CsStricalcium silicate)oll of g A
Jetdigled], o] 2o TEHRE AHEY /M F8F FHEZ 7] BFojrh

CS + H0 =  CsS:Huhydrated gel) + Ca(OH). - (6)

(€2 23 BAE)
Ca(OH); = Ca~ + 2(0H) (7)
Ca”™ + 2(0H) + SiOxsoil silica) = CSH(ei# 13t AAHAE) (8)
Ca” + 2(0H) + AlOs(soil alumina) = CAH(o|#}+ 3.3} *ém“ (9)

pH<126¢ W= w3 wh&o] dojdn
CsSzHx(hydrated gel) = CSH +  Ca(OH) (10)

AE-FBAHE FZoA 2AE 37 284S 2] f8A oldlP £9] silicates 9 aluminatest £ 3] 5 o] of 2t
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AQsan]| BAGA | 24 A
T e o (%) (%) W
Z(Soil) 2.663 23.92 34.40 26.10 CL

4.2 AL 7]

ERAZ A4 moAE IUWALEHE ATLSA BudA, Cusdoln 1 JREHL ttew} o
XRF(X-ray Fluorescence Spectrometer)®A}7]| S ©] &3 AFEA S dgagdrt AHE A 237 989
A2AA Mgor A& ote EAH 10714 AE o9 EA(EH0),8242(C0), B4 E(S0)S)
S FL EE 2EEHY 9 BFoz AHAHAY AEE AR Ca0% loss of ignition (SO A9 o]
s & 4 gled duEe Zrddd Ca0ol, n¥+E 2 f712EdE SO7 98-S 1At} (Herzog, 1962)

loss of Total

A H % | Si0; | AlbO; | Fex0s3 | TiOz | MnO | CaO MgO K:0 NaO P05 ignition Sum

. 306 {2072 A75 2.09 0.21 0.05 | 46.74 3.36 0.98 0.02 0.19 20.71 99.82
3HA)

B
. 294 [ 2138 | 579 2.15 030 | 010 | 49.87 3.90 097 0.57 0.16 14.46 99.65
1.3hA4
C
~ 3.01 | 31.60 ] 10.50 | 4.30 - - 44.20 1.90 0.80 0.10 - 6.50 99.90
Z3A
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(1) A2 A A=
AzE DAt FFAIA R LHEES 100%2 /Mt FEBUFTF =17 m’, 19 t/m’dl da] AY

AE Az
71, et BHEE AAFTUE THHA B AZE Ao Fo|n.

A71M, 7, FXTIEF (t/m’)

zEd A4 2

nsbe AR, B, CRaAE Agstalon, MgulE 0,35 7, 10, 15, 20 %2 FEAZG. Aol o
e msAFge dedd ou 4y,
sul (o) — (A F =)
W) = GEaEE r esa v erm W 12
24 AFAA RAAE 47 B A9 O AUE B3 2B TRRE 2 T S49 WAE BHY
+ A= A,
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5.1 ¢St AIEHE

Ao dsASA=AR oY 4749 A9 fste 0y ge AP 2HES I

E 3 18 HEEY dEgERE (49 : kg/cm?)
+ & Hj g uj
: NNIKCE Hl2
ey | 23 o 0% 3% 5% 1% 10% | 15% | 20%
NREE 163 | 511 | 560 | 7.06 | 1047 | 17.60
wopa |72 | 00 [ 188 [ 546 | 591 | om | 2337 | 2689
282 292 | 741 | 784 | 1210 | 3084 | 5093
o [ 053 | 078 | 131 | 168 | 277 | 4% | 7, -17
w=5l% | ° 7 | 006 | 165 | 328 [ 369 | 610 | 1296 [ 2198 | .
LA gal 150 | 332 | 556 | 1108 | %674 | 3799 | '™
c |32 | |06 | 362 | 767 | 1545 | 2232 | 3304
sary |2 | 008 [Tae8 004 1010 | 2367 | 4045 | 7290
289 139 | 1046 | 2406 | 3548 | 4777 | 13%
L 3¢ 425 | 1102 | 1161 | 2120 | 2122 | 1865
- 79 | 092 | 45 | 1143 | 1335 | 2229 | 2482 | 1936
LA Togel 499 | 1060 | 1806 | 3107 | 3553 | 4250
5 |39 325 | 594 | 1168 [ 1914 [ 2104 [ 2312 |, _yg
wesl%6 | o (79| 076 [228 | 6% | 1199 | 1980 | 1453 | o767 ;
z 289 148 | 798 | 1036 | %597 | 2157 | 4449 | vm
c |39 170 | 378 | 813 | 1661 | 1503 | 29.03
w172 07 (141 733 [ o [ 1120 | 2147 | 383
289 278 | 551 | 1039 | 2078 | 3371 | gl

— 267 —



79 FAF 24 A9 d dEASAES A%e 29 3, 49 Zoh 1Y A(FH=61%)S BE, CuEA 9
o) & A W 5 a3 AFFE=31%) e ARt th $548 S4E RY
FR71% RRANFREE ANHAEANG R /AN FEAGH =05 AAE=2S mest] AN o ¢ 10
kg/cm294 #e g7stn gk Fy] 51%Y o CustAz), $Hl 31%Y W AnsAsh metA wiEu] 5% A

7“2}:7&52 U}» ], [

2y HlD7Y YHYS (=1 WP TS B(E, 7Y SHYS n=1. 0T
80 50
—-o—AI'.éN \ —o—A_—.l_Igw
70 {82k /| “ -=—sasm
—&— CIIsty / 0 —A— CISRE|
. 60 P AAA
S / % e,
2 S 30
: A/ /A
N 40 7 0 25 //
g / / F A A
30 O
nar / /.f « I/
= / @
» /
10
10 % 5 ,//
) 0
0% 5% 10% 15% 20% 25% 0% 5% 10% 15% 20% 25%
HZhl(%) HEtH(%)
19 3 97259 et ¥ EZ(n=1.7t/m) a¥ 4 Q&A= 23AE ¥ A (r=1.9tm’)

5.2.2 dMalof 28t H&

a3E BEEXNAN ZHzte] A9 948 EAL B C, AnstaAjd] i FALgel o dFS B,
ACTEA B5F FAd57t %—7}"%}—?% ARE Z7hsh, 793 28U G ALY o wlws)] B, CastAl A9
Z74Z(ag 6, 8)0] AnEA AH(a¥ 5 7NEY g I ZAoE YEyth

okl HIR, ARSI (=1 7Y nf) QrMel4 vl D, CLBIX(=1.7Y )

ey ——ag Y,
e A

S0 fj—a—28e! :;il //
/ 7
yd

i

~
=]

8

38

8
AN
NN

U g etE 2= (kg/cnf)
Y
o

e

20
" g Pl
e 10
. 1 1 o |
0% 5% 10% 15% 0% 25% 0% 5% 10% 15% 20% 25%
HHEMI(%) (%)

9% 5 AEREY FAMASFE HRALSAr=1T/mY) 19 6. AEREY AR B L(CLEA r=1.7t/m’)

— 268 —



opUQIAt Him ADSIH(r=1.9 nf) oplas uiD, CIIRH(r=1.9/ )
45 : 4
——32 /l ——3g
40 -7y 0 fi-m—72 1
) e . S/
€ w 4 o
3 A
2. / 2 / / /
5 / 5 A/
5? 20 / ar 20 >
ol
z, A 2. /)
” > J
10 10
> 7/ > 1
0
0
0% 5% 10% 15% 20% 25% 0% 5% 10% 15% 0% %%
i &%) B &%)

39 7. 93759 AYSE v (AT r=19Y/m’) 19 8 AFAE FAYSY ¥

o1t

5.2.3 g0 28t A

2(C 3 A r=1.9/m’)

uB A FEEGNA Z4zhe] Bl 58 E4E B C AnstAol daiA el o 9 HE, An
A= Srulsl 51%9 BFET FE7E 31%9) ByelA B2 AT g Bolxu glon usA wighulsl 15~20%
AN FEEETL HPEHﬁ Fo Btk CustAle Anshfos dtie] B3-S Holx et 4wzt 31%3 7
SR Feu7 51%9 ASdl 22 ZEREE 3 e AoZ Yyt
Bl 0|2, ADSIRY7Y Q) BheHIE Bl@, ADSIRH(28R 2HY)
0 60
x ~&8—31% / %0 —&—31% /
- // // | ca g
r\ﬁn 15 r\ﬁnm |/
1 /I /
g 10 g 20
5 // 10 Pa
0 0
0% 5% 10% 15% 20% 25% 0% 5% 10% 15% 0% 5%
B (%) s &K%)
a9 9. 953 EY geupd vuAnSA 79 29 10, dAEY FenE v L(ARSA 289 FA)

—269—



il Wi, CEIRH(7Y ) o) B, CIERI(BY )
& - i~ ©
5% 5%
70 H-m— 315 |- —————— e — - — 70 H-—=—31% /
! | ‘ /

T . 7
Ex A 5%
2 / 4 /
W g0l . i T 10
2 ] &
g -/ g S o1
L ' Y
o / / . ou /

10 |— /./ 10 e

0 L 0

0% 5% 10% 15% 2% 5% 0% 5% 10% 15% 0% 5%
HBbi(%) BB (%)

29 1L AFZEY goud MRCTHATIGY) 29 12 AFFE F4E umCLHA 8L )
6. 8
2 AN de 23E 2yARY deR 2 AL 9L 5 Utk

1) 28 3(Fu]=b1%)E BE, C1aAY gto] o2 g A vs S8 S4& Holn, 218 4(FH=31%)A
E AnEAZ i $5¢ EAS 2Add FA7FY BEAFAEE AVHEAAGes AN ¢ ¢ 10
kg/em’e] &S LFE T YUnk FAYS 79, nEA ] 5%l A, F4H) 51%Y W CREA7F 1004kg/em’,
&41) 31%9 W ALSA 1143 kg/em®d FEE Holn U} @A o= ZEAFAE(100kg/cmD)E THES
I g

2) Y5 o Jage v ACHIA BF FHY57 "7}2} 2 35E Z7M, 795 289489 g2
Has By Cu3A 349 371529 6, 8)o] AnstA 4 13‘ 5 N2t E}* e Aoz Jeytt

3) Fblo o FEgS BH AnsAE F4u7t 51%QU 731"—34 g7t 31%Y A w2 AEE Hola ¢
on u3lA wldu st 15~20%E oA FEEE B ASL Bod CadAE AnsAstE stge A Ho
T gled s} 31%9 AR F4u7E 51%9 ASo] ¥ FERYE 23 = Aoz Jehdh

4) nsiAY FrAdo] g4u 51%2ANA F4H] 31%2AoZ vE 9 COA>BEAAM A>C=BY ZEAFS
ojgdl 1 Yoy CaAt Aoz AFE Ao FET WSS Hd ZFRddo] $FAxw B A
oA r=19 t/m’e] ZAL 407} 31%E e Al Buyegz g3gtozs 1 ugo) Ay °l oA
A Bate] FE 2] r=17 t/m’Y FANA WHF vehix £¥d Aoz wddH

H
2

= |

1. AAE(1979), “#kae HBHRTEHE 4¥AE 2 A== THEEAAAEA 17 26)", A4 E (ML), pp5-10
2. FHTA} FHAATFA(1998), “AkAdt My ALr1Fo B A+, pp.3- 142

3. =047 dF4(198Y), “BkaziiiE B KERE R, pp.33-65

4. € A FE0994), ‘A PR BEMEMIC L 2 HBEHRe=2T 7, pp.l1-87, 381-3%

5. Herzog, A. and Mitchell, J. K.(1962), "X-ray Evidence for Cement-Clay Interaction”, Nature 195, pp.989-990

6. Noble, D. F.(1968), "Reactions and Strength Development in Portland Cement-Clay Mixtures”, HR.R NO.198,

pp.39-56

. F.G.Bell(1993), "Engineering Treatment of Soils”, E&FN SPON, pp.240-267

8. D.T.BERGADO et.al.(1996), "Soft Ground Improvement in lowland and other environments”’, ASCE
Press, pp.234-269

-3

- 270~



