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Swelling Characteristics of Stabilized Soils by Lime
with Sulphate and Chemical additives

Tuk-ki Min - Kwang-mo Hwang - Jin-hyung Jeong
School of Civil & Environmental System Engineering

<Abstract>

Lime has been extensively utilized to stabilize the weak and soft compressible clay
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deposits. It has been recently reported that the presence of sulphate causes abnormal
volume changes in lime-stabilized soils. Volume change in lime-stabilized soils can
take place due to ettringite, thaumasite, and gypsum, which are complex calcium-
silicate-hydroxide-sulphate-carbonate-hydrate minerals. Sulphate compounds cause a
variety of serious geotechnical hazards such as swell pressure and damages to light
structures and pavements.

This paper discusses the influence of sulphate on sulplus soil specimens treated with
lime and chemical additives(CaCly, CaSQs4, Fe203). The main objective of this paper is
to estimate the physical behavior of lime-treated sulplus soils after curing periods of
up to 60 days. The physical and mechanical characteristics were explained by means of
a laboratory study. The formation of sulphate compounds due to soil-lime and sulphate
reactions were identified by X-Ray Diffraction(XRD) and Scanning Electron Microscope
(SEM).

The results showed that the sulphate increased swelling properties of soils. The
swelling properties development is probably related to the needle-like crystals which
were able to be observed by SEM.

Key words : lime, swelling properties, sulphate, needle-like crystals, XRD, SEM
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Asgre FEOE D EA AAE $o2 datd 2F BEZ 2 AF3AA F2H

T gl ARty Awe TES AL oL Yd EAFEA FAHT Utk A
w Qdekxuke] AErb Fm, Ha T Awdde] 2y YR ZAE AMIANE £
= Ao M AlFAAe Be ougol wAHT glon ol2d Agxute EAYE FE
37) dste] thordt Aokx Az FYel ¥edn gtk dAfAlte] YAFHeZE AR
o AE WA, 23 2 A5E BHoR i AAZFIEES F iR sn, AuwslS
Y E: 2k (H)EHle sk Tue Hoz dy HEED UE oy A%
A ERGAAD ARZE AN, AAE, dAA4 283, fly-ashS EFF Az Fol
lon e T Eoly] YT A HHAE Be AgEel fa A7
A% o] %}c}”

Q%Y 950 A P Ege edoz <ste] AME o &3 AuAFITUY B
Aol A Uk o]Hd AYF =AE % AEB 2 ARsA 2 AS ANIY F
o] W] pH7F EobA A HH, ¥& pH AN ¥ &9 FAEH ukgsta] WAA
NS AN ES YA AN AN ES 1uE BPANA LFERe] T} 2L I
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Blot & Abolol A7izte] HAH
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2 A Wt gsie] mRe) FEE ofy] AU & Uk Heln®
Aol A, &4 At de Aua] Aee A
Ao} e 2 B8 YAAE EHE FAAeY

Astd R sebdrbAe] BAANEE dAsta, SHEY AFELL g YHE T
Abe7] Hsted X-4 3 H(XRD) &4 2 FAFAIAWZ(SEM)S R #4383 th
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2. A 2@ 9y

P ATE Aale] $AHYA BT AAT 4G & AN GelA] ARE AH
etk AE AR Aot FEFo] Im~40m A} Dol BE¥SL e, B AF
& 9% ARE AR 6m FololA waH U AAB] AT T HAAGE 9
ATA SABGA FTF AT Adol Sa FARE TP GAT - AFA - A
A AL $ARE AL A% 0m olste] FAAYe] PR £ A7 o)
A ARAGA A EAE £ A BuAe AEE BHW A% S FAAGY 23
FxE Aol weh ozke Aol glo, AMALR I APNTH NYE, A4
HHE 9 ehizoz T4H0 Ut

YAED U RN Akl JlzAsAAATL PARaY XA ¥FR7|

(x-ray fluorescence spectrometer)E& ©| &3¢ttt 47|71+ PHILIPS PW 24008 A}43}
Hor, ZAHxXAL AU &Y 60kV, HNHLEHF 125mA, HdF37t 3.0kWE A3l
A e, Bead A FHeE FAHsA §F XHE MAHNE dSF EZd FEAFL
EN ARG AzA gale] XH(1RF XA) & FAANHLEZAN FAY BAGA BEA X
Mg AL #=71 Qo) o] B XAS 24 XA EE 33 XA (fluorescent x-rays)ol et

ok HF XAHE o4 s BANE XA dF BAyoly) av, 3 XH9 #
T A XAY AEe wsnz XA9e ZHs AL, S Foh Table 215 X-A
g3 MY g% AFRE Jeldn gen dAdEe F FAAHEL Si0,7h 68.48%,

g A AT B dAES] ANE i
TAA G g3 &2 AET FdAoZ DR-2000AE 7 &
2 o 1600ppme 2 JEPtow A& ¥

Table 2.1 W E] 313ty FA4E

TAAUA SlOg A1203 F6203 NaZO Kzo MgO CaO MnO
/48 (%) | 68.48 1575 5.12 3.36 2.66 1.99 1.84 0.07
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HAdEY Z84 EAE A 8ty &9 d4% Al 2 v FAE 59 7E 2
ANEE AdAretA. dage 88 EAS Table 2291 veld uvle} o], AA3HA
56.19%, &8R4 2651%e| ™ "lFo] 264, No. 2004 Eatzke] ok 91%= vebgtch £
Frol & E(pH)E 459, #7118 8FFE oF 10%, §ETF L 037%2 Yeygon, 59
BEW oz CH & OHZ 2F5H%Ud

Table 22 &< Eg% 54

Attegberg limit8) | | 4oz | 240 R R B 9
. Ly R | B
ToE w w Ip | (Gs) saE EFS 0-C ct N
L P P .
% H USCS
%6) | oH) | v | ¢ )
W A E | 5619|2968 | 2651 | 264 | 9136 | 459 | 962 | 037 | CH-OH

2.2 343 9 3% A7HA

2 A dell AHEE DY AMBE CaO T ol 3% R 150 F3te 4HIzAM, 9T
o] 3.03, No. 2004 E7ak& 92%=2 Yep}

SR ALEE A EE BT guo AgiA ol #(Fey03)S AMEE% o, 41g A
& FEI Z gEr ge AAS AR gtk AbsiAle]d e XRF BAAY £
95.95% 8 =2 vEldey 85 4730t £33 43 2E(CaCl) @ 42 4(CaS0.) S Al
FolA dviEle £ JAAFS AMEstH oy, M3 EFA BFERE BF
37 9ste] AbEHo At A 3Bl XRFEA ZFE Table 2.3 e

Table 2.3 A &3} Atatde st g8

‘_[L SiOz A1203 F6203 TiOz Ca0 MnO Mg O Kzo NazSO4

4 3] 6.08 1.53 0.54 0.16 | 9297 | 0.03 0.5 0.14 0.17
ArshE 2.64 ND | 9595 | 0.03 0.03 0.15 0.31 0.01 ND

AL

¥ ND : Not Detected

23 B354

A uleh FAA DY Agol gol Hotgle FAde 48 TYES Wt Y3
WA ES B AR LA Aok # ATNME 448 R sSAAe g2
WFES] BYRAE TASGROY, FUAoR pHE 2EY UFFE AHgste, 443
EFE HFEA Wi #FAAG. AFrIELR2E ASTM D 4546(99)° &3t Al ¥
& ANsgon, AP 29 $9¢ BRdFos ae] uUAPFR A
& Fdsian
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Table 31 EFEY AgF

pH | Distilled water
sae 6.4) 5.0 40 30
Lime 2.64% 2.80% 3.21% 3.37%
Lime+Fes03 2.52% 2.62% 2.83% 2.88%
Lime+CaCly 2.18% 2.42% 2.78% 2.80%
Lime+CaS04 3.52% 3.75% 3.86% 3.96%
50 r
40 - —
Z30
g
220 F—-
&
10
00
2 3 4 5 6 7

pH
Fig. 32 7¥3 42 pHel @& & 59 FLEA

33 5] AAFAAYZH(SEM) 24

g4, ARgAo] AT

Eiﬂ ﬂ#%%%eﬁuﬁwkﬂa@:%%%ﬁuwwl#ﬂﬂi1_hﬂ@H%

b bl o 2@ 27F o] &(Ca’) FAV|o]&(OH)eR2 BHH T, TfFolL

ﬂha%gieuﬁu+%@%%%ﬁwwmﬁkmg33Bg3ﬂiﬁﬂﬁqﬁﬁ¥

Wate] ZHF49 pH 39 343 Algstd FA4717 60Y AT F AAFA F

A 29AFHZAN AEC vs] AHE 2 HRENAS EFT RAENH YRz
47 2 Wr#EAde] T vevdn 9L w28 5 o
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a) 443 EBEEFFS) (D) 44 8)+Fe:05 ZE(FFF)

KBS1I 1‘3 AkY xRa.2aK 7. ‘Sﬁyn

(a) ¥M3|+CaCl, ERHE(ERT) (b) ¥ =2|+CaSCs ZHE(SFT)

Fig. 3.3 F% T #H7bol o A3 9 gstAdrla £33%9 SEM #9423
Fig. 338 A4 3|9 374 EFE 3t SEM 9 Z2A=2A (a) 2ELS JEYA
7 A E e dbgsle] AdwrH o R HE JARHAAE FHopE & flow ¥EY wEow 9
gt HEJAS At Aol 2R Yo FFH e AE #EFE 4 U (b) 2ES
AetE S Hohg R A Axg aYs Hol Az A AN EFE 7S
JA7F 2He AbstAe] oF AR USS BEY £ Ik (o) 2YE dELE S HH
@%Eoﬂ et #AS How A3y HAR Asted I yigo] anHog
oy & YAtAtole] A (bonding) &3 E AT 4 ¢tk d) TEE& FAAHFES HE
@3?&5—3— BEAT Hdog R & dAY AARUd F IR dAHH 739 F
Aol & AL AZY 4 AT
Fig. 340 yeld uie} Zo] pH 3 348 EFT AREAdANE AAFHORE 449
Q) }7} FAH 7,1 T Ut} ettringite?} Z2-& kg g3l BAE FAA9 A
= 7=
o]

30,
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WAMNE Z7HA7]E 2008 HuEg

V5’7,



(@) 443 EEE(PH3 =) (b) 4 5|+Fe.0; EEE(PHI 2t=)

(o) A 3(+CaCl, &8 E(pH3 ZH22) (@) MA5+CaS0. & E(pH3 2+34)

Fig. 34 pH3 7r5ol 2% A3 gl shah A et&e SEM #9423
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A
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Fig. 359 ¥A7I3 604 43 ¥ 443 92 dFH/NMAE H7bg EFES XRD
pattem< HF T ot RE ANF EFEAA EEF 693 HAE< CSH, CAH, 217
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E : Ettringite a) . Lime+distitied water
CASH : Calcium Aluminate Silicate Hydrate b) - Lime+pH 3 water
CAH : Calcium Alurrinate Hydrate c) : Lfrre+FeZO3+d|snlIed water
CSH : Calcium Silicate Hydrate d: Lime+Fe203+pH '3water
e) : Lime+CaCl2+distilled water
1} Lime+CaCi24pH 3 water
g} : Lime+CaSO4+distilied water
| h) : Lime+CaSOd+oH 3 water
CASH 1
h E  CAH CSH
g v
f - i
e [ g
: 3 S S
C
b ™ b
a
4 } | : :
5 10 15 20 25 0 3 40 45

Fig. 35 £ X9 XRD ( 20CuKa) pattern
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& wtotslr] fstel X-A 3d EAM(x-ray diffraction method, XRD), FAH=&AV 7
(scaning electron microscope, SEM)¥41& Arleldct. ®=3 31874 F 4HskE
(Fex03)9] A7bell 913 A3 E3tee E21d 54 sl disie] Hrisidlon, &t
2o A2g dUh

LoogEe) @Rde $avlsh uAw A o, 443 U BEstAE Wi

; Aoz uehgth £8 443 SRR FA4gel At

Aoz e,
4

3 9 sk Bl dstel A EE XEY WS
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