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Reaction Products and Properties of Clay Mixed with Lime
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SYNOPSIS : Soft marine clay deposits pose several foundation problems. Generally, lime stabilization
is used worldwide for solidifying of soft marine clay deposits. In this paper, a series of laboratory
tests were conducted to verify clay-lime reaction. A clay was collected from Pusan, which was
mixed with various quantities of quick lime and slaked lime. Various compounds produced by
clay-lime reaction were identified by X-ray diffraction analysis. The physico-chemical properties of
the clay were also investigated. Compounds such as calcium silicate hydrate (CSH), calcium
aluminate hydrate (CAH), calcium aluminate (CA), hillebrandite, and gehlenite were identified. It is
likely that such compounds were mainly produced by pozzolanic reaction. Based on the change of
physico-chemical properties obtained by the reaction, the water content was considerably decreased
when lime was added to the clay. In addition, unconfined strength was increased. In the other hand,
quick lime was more effective than slaked lime in decreasing and increasing of the water content
and unconfined strength, respectively. Fewer cracks were produced when the clay was mixed with
quick lime. It is suggested that these beneficial changes produced by the mixing of the clay and
lime depend on the properties of compounds obtained by chemical reaction.

Key words @ Quick lime, Slaked lime, Soft marine clay, X-ray diffraction analysis, Pozzolanic
reaction,
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AdY APANEE F2EY ZA oM NxAwe=ze Be& FAYEE A (Rajasekaran;
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AAHPAES] n1dg L FidolFFd 3 EYAL UY, FsEF Q3 nA3Z, RARE 9
3 Fey %—01]*1 olFolztt. ES |7t 22 FHHPEANAE AX = FAW nAHo] EA5n ¢
o} oA LIFAE HI/MAA LEtd Fxe nAHol AAFHAY Azte] s2W mAHo| AP
o old A YREEL 31§39 nFYEoRE IZTNIAAEY o FAHY. AEFJE - E -
S7](e]Astet )7t Q5L 7)o} A3 HtEuH, 2" 19 w3 EoA 9 Zo] A Bl A
. Caol&o] R(-)Z WAY HEYA FaHA TEAS/ F3Ho AAr|AwLZHo| o}t
He Ao 9 S3AY. A HEJQAFTY 74k 2 EFuust e MAF] wkgaA, FA
ety ¢FUALETIE o] AAH 9 dstdo] MHAATHFEE, MiEEL, 1993).
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CaSils crystallized

Ca* saturated liquid phase,
OH ™ diffuses into clay
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by water withdrawl

Originally vaid pore,
no reaction possible

a8 2. &g 9] /id £ (Mindess & Young, 1981)
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YEEE (%) A R ke a4 | &4 45
FE #2004 | FEl | @A A | A | HF (FFBE
Ad | 2 | HdE | HE 2
I =38 (%) (%) (%) Ip (kg/cm”)
HAEAR® | 0 2 36 | 62 93 77.39 83.8 249 589 | 2.68 0.13
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F FIHS(23HE doAA M*zﬂi B*UPE} o] A}ol
of 843 FF 2% FFste &9 B& Foetn, A3 189 156 Keald DFS SAAA
S HFA 439 *‘Z‘X-N K 9% 2817 et} o] AlEAA AAHE A2MFE olEFHoE AYgAzx
Gefol7] W&o, FAF FHol A4 & &3k Ao AN 39 2439 HiFgd)
e gy AZFLS 9 3oA 9 o] F3turgo] Yo
18%AE ¥ aA vewth d3ASZE(QWY 4S5 29 4949 o] NS A/Pe 197 &
A3E HAMAE WrEg o 2A Yehgow 1 &7} g FAaFo] F42 ¢ Wol Frlslgrt.
a2y, 43 Hokgo] 156%01de] Hd S4ule] Aas dEUAEF R ZFrhsh & Jehgx ggo
drF o7 AZASAE/ Hugd o2 "rAE, A3 } M E FEY 24XF7F Z28HA
Hoh oJRAL AEEgd SHHEY PiAo] BarddeE AL guit. & NI Arlg42 HES}
HeEEd Reyfo]l €2 o= Wsta, uata 2go) t1 %016}711 Ao, BE; Ho, 1995).
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B 2 &3 208 ¥ HEARS @5 pHe 742 F

Al B pH T E A /A A A (%)
FAYHE 7.7 13.8%
A 8l A 7} 12.2 4.4%
24387} 119 5.9%
A 37t 75 16.5%
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M3t HEZL whgste AN " dUFd 3FES FA8y] Yty X-MH AN A9S JCPDSHY
o]-§3te] HEIFITHASTM, 191). 94 EFA FEANZY FALES AEF A7, o] EAA
g, Y, Bl T MFERET F7 dolE, 2HEE, UM J0AFE S HEJE
T2 YEnt 439 EEF AEFEF A3 wtgo] T WSANEL dolry] A W
A AAQA M} 243, agn PH3d B Hrlete ugA7 BAE X-MIHRNS

AASAT A7) HFEE 4 A5 AdqIAgEed e HAEnz Jeuigdth(E 3). gL
o2 dRAY FEZER] dTolE, N2dFE, AdelolE AEE FH8lY 4o FEJE 2gd A
M3 2g& EF @7 HIMAA HEAA 2z F X-A3FENE AASFIAUHE 4). 1 A3 Yetol

Eg X3 WG A< hillebrandite® ¥ Ret] FAZESFHE(CSH)Ol 72 4990, 1w
FET A5 BgME dEUNALHE(CA) F2 FAHUJ. 281, Ca(OH)o EE = 263 A
o Aol dolES seAFEe AUt E FAEA YElYA T, 2dEo)E9 A4 3
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o WAt UehtA et 2 gAlel Wal4(CaCopel SIFHE 303 A} B WMo 2uetolEs}
AN gl B3 w4 etk £@ YeolEst edBEe AHHR He) 2¥eolE
o AA SN MRe Begel HAMo AA veh,

®3 439 HAHEA ¥4 FEFJEY HIugF FAHEA
Alg | AzA (A) 8} e+ 49 |JEAA= Alg | A8 (A) 449 ki [ A S
. 10.04 detolE 0.18
A 497 Ca(OH): |portlandite| 0.05 e portlandite 025
. 3.03 CaCOs3 calcite 0.11 448 ? 0.15
2.78 Ca0 lime 0.74 d 386 calcite 015
3 350 ? 005
263 Ca(OH)2 |portlandite| 0.04 = 241 . 004
2.40 Ca0O lime 1.00 °] 334 Yol = 020
= 3.20 Fangssg 0.09
— 3.1 portlandite 0.05
497 Ca(OH): |portlandite| 0.36 * 3.03 calcite 1.00
. 2.85 gehlenite 0.04
Ag 386 CaCOB Calclw 0. 14 )‘g 282 ﬁﬂ’%‘ﬁ‘;‘*ﬂ% 0.04
e 311 Ca(OH); |portlandite| 0.14 A 275 ? 0.07
: = 2.63 portlandite 0.55
3 3.03 CaCOs calcite 1.00 3 oo R 005
N 2.78 CaO lime 0.05 249 calcite 0.09
2.63 Ca(OH): |portlandite| 0.83 245 hillebrandite 004
% . 241 lime 0.05
2.49 CaCOs calcite 0.07 999 calcite 0.64
2.40 CaO lime 0.07
. 5 713 edBE 0.19
2.29 CaCOs | calcite | 0.14 ; 107 ontandite ol
3.86 calcite 0.10
d 351 Nodne 0.24
497 Ca(OH)2 |portlandite| 1.00 3 308 calcite 100
o 0 E 263 portlandite 0.28
425 ~ - 0.12 . 256 YFURLE 005
A 3.86 CaCOs calcite 0.01 A 249 calcite 012
241 lime 0.06
3.50 ? ? 0.04 A} 033 ’ 0.04
A 3.11 Ca(OH): |portlandite| 0.32 3 2.29 calcite 0.12
3.04 CaCOs calcite 0.26 B
) . EN 1522 ~dElo]E 0.02
3] 2.63 Ca(OH); |portlandite| 0.99 go] 386 calcite 000
2.49 CaCOs3 calcite 0.01 e+ 336 ? 0.02
2 9 3.03 calcite 1.00
2.33 X : 0.01 A 2.3, FuBErse 0.03
2.29 CaCOs calcite 0.02 A 2.49 calcite 0.09
: 3] 2.29 calcite 0.14
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E ToAE 789 A9 4FUAAEFIHE(CAH)C) 7 & velyten) E3 2438 30%3H 78t
SAIZ A8 IJHEAAFAANAME 780 A9 3FAHo] -z 208° 9 PPN H£Y FER
RHatA Vel 1 9o = gehlenite (CazAlSiO7)$} hillebrandite (Ca2SiOs(OH)s), &F 91 4z4(CA),
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FAZE5HECSH) S0l FHIUT. d HSAYEA AN Fo I SHA FEr Frksn
Fzgol A2HE Aoz wvdEth 1Y AN N FrFe FAUSS WHH NP
E7h BolAv, g4 TS FJAZEY WnE F Yshdd FET oRe & AYINE TEINS
& Yool ¥ FAY FAUE LHW EEIARE B2 FARA gu, YEAR AN 4R
wo] 183y WEoR AAWD 53 FRLEFREC IFVNVEFREBUG HA F4E AL
HEARS Baitse] fERe] GE BAR W4l U AL AeHgoz oFoA 3y HEY
ACITHAER 9, 1998). 222, U718 A8 Caclee TETAIVIVHEL Bo] FHHA R8a
ge o] Bl e FMY YU WA Aol

¥ 5 A3} FES BHFANE E 6 2N FES NFALE
[zg (A) 24 347 wuztg (A) 249 LR RA S
789 asaunssne| ol 7.89 gFVALEFEE | 092
' TREREET ' 5.60 ? 015
;227} 2‘2 g‘:‘i‘j‘l‘;}% gg 243 2.88 gehlenite 015
2’13 %}—%;;%ﬁ 0.38 30% 37} 2.56 %—?—‘ﬂ’:}i—;ﬁ- 0.23
: s - 2.24 ? 0.15
198 FABEFHE 023 213 SN 040
198 FugersE | 012
7.89 A2 AL E5EE 0.22
293 hillebrandite 0.07 7.89 d2aldgsFtE 0.33
2.88 gehlenite 0.11 401 ? 0.08
A4 8 2.56 DR i 0.25 e 394 _ ? 0.04
15% 37} 233 ? 059 2.56 gazudE 0.18
15%3 7}
2.24 ? 0.11 2.24 ? 022
213 O AR I 0.25 213 G NAE 025
1.98 FALEFE 0.01 1.98 FALEFHE 0.14
5.60 ? 0.12
293 hillebrandite 0.09 254 hillebrandite 007
2,88 gehlenite 0.08 288 gehlenite 0.06
Lk 056 N ol4 243 2.82 FABESE 0.16
At | ) 013 %87 | 256 FFAELE 0.1
224 ? 0.12
213 G E LS 0.24 200 ’ 0.12
1.98 FADEFRE 0.11
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1. 2 AR EN H3Ig Hue 23, denizt 2A ZAHJAY 53 AN E AAE F97t

Fautgo] B AFEA dojuA 248 F7AE BFRT 10~18%AE H Ful7t ook
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3. A7t AhEe ¥ BEFE FuzaFH dFAFAET SR, AN S AT Fol
15%°1 3ol M E Frulga@ds dFASAE A WA Ik

4. BAN3, 243, Yug FEANRYG EFHA @A ZH, A9 pHIt S7/1EFE 9] 24
o] Aom, o FAME AM3E H/FE Aw7t #hol 7P AA UENT
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5. B4 3% £M3g A/ AE7t Mg Ae ANgRY 79 Ao A JeUYE AL pHAL
T ZLLEBAHAAN XE2F W30 o3 gAY E o] Bol FAHNY WEos wod.

6. 42 FEE EFANFHRES W LFUNNLHES3E(CAH), gehlenite (CaAlSiO7), hillebrandite
(CazSiOs(OH),), &F 42 (CA), FAHZEF3E(CSH) 59 B dgAg 2ol FAH Ao &9
HARow, o]d HFAPEEC] EAEA e BAHE RoZ HlY,

AFAL
of AFE 19979 FetAY AeHAATH (HAWE: 97-2-05-01-2)9] A o] o5 AL gow,
olol Zara.
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