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Study on thestrength of lime-soil improved by metakaolin
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Abstract; The lime-soil is widely used as the foundation of buildings and structures. In this paper, the addition of
metakaolin is used to further improve its mechanical properties, to provide experimental basis for the application of
modified lime soil. The strength of lime soil is greatly affected by its constituent materials such as lime content,
water content and clay properties. The effects of the addition of metakaolin on the compressive strength and
softening coefficient of lime soil materials are studied by controlling the contents of lime and metakaolin and water-
solid ratio. The intrinsic mechanism is revealed by analyzing the moisture content and scanning electron microscopy
(SEM) photos. Regardless of the addition of metakaolin, the compressive strength of the sample has an optimal
ratio with water-solid ratio, lime content and metakaolin contents. The reaction products of metakaolin and lime

makes the structure of the lime soil sample more compact, in improving the mechanical properties of the sample.

Key words ;: metakaolin; lime-soil ; pozzolanic reaction; compressive strength; meso-structure
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Tab. 1 Physical parameters of kaolin clay
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Tab. 2 Chemical composition of metakaolin clay

wsr o S0, ALO;  CaO  TiO, Fe,O;  MgO
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Fig. 2 Compressive strength of lime-soil sample

with different lime content
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Fig. 3 Compressive strength of lime-soil sample

with different water-solid ratios
Hi 3 ATLAFE H, B B AR e i TE M BR $t
518 35 45 i 5% 3 6% 300 6 394 T iR, fHLUK 8 He
m, [ o IR XK TR 3R BE M B Ak ] — i 3
B, BE&EKE L m, /m G0, R A0 P E

JE SRR S . K e ey /m Ry 0. 28 1,
fj:litﬁﬂ@#}fﬁ)gﬂij(. 3 d AR, KR A
0. 28 By IAFE R BE (I R AED) A& /K ] bE Ay 0. 32 1 iAE
SR (R /MED Y 1. 21 £ Wi 28 d WS IAET, %44
WK M 127, B K B AR A B S 0 g R 5
K.

2.3 RERKRIEENKLTEENTMN

R HiF SC A X b R B8 BT S0, 2K = bk A 5ik
ZAIRE)E R FKE G my /m B2 R, %5
lia] ¢ = v U3 0 A v 08 = E\ﬁk%ﬂ?%ﬁk“*

m K E e my, /m, %Zvii BT TR (= o o<
SEMOAREFERLS
(HAKE X]‘/\{ﬁmﬂl’\j:léﬁ - 5 ) 52 )

MR 2. 1 7 H RS 5 0, WA I AR T e
W K R, RS BN ER 2 thZm B
Xla) 2 HAE K ey —EJu Bl . ek, B8 T%
A 1.52 g/em®, KEH m,./m. k0.3, REE+
m, BN 8% . 10% 13N FIAL RS E mh 8% .
10% ., 13% . 16% . 2020 My 28 kA 15 24, 4390
W E B RAEAE 3 dy 7 d Al 28 d & 301 sk %) I 00 BR 4T
JEompE. HTMHRAFEMEE &2 504T, K
FEPURE 58 B Bl A 2R & & 09 A8 Ab B, a4 R
4 PR,

HE 4 WLLEN, ARG, Bk
U - A K R SR B A 1 K, 1ﬁ%mAiA%m EI'J
AR AV AR = 5 B 1 RS e A . AH I Al e £
B K 3R Eﬁﬁ%ﬂ’ﬂ%ﬁfhﬂ#%@ltﬂ#ﬁ
JE S, KT 4 B 2 aTLUE t, W IIMR Ee
t 82K A KA Y 5 W R T IR — B B B AN R
e R R, KR Ee LS E .k
10%, FRWEE m A 13 % 0K 8 28 d Je i)
PR 58 B B i, IR 3 2. 22 MPa, & AH [a] %5 B
AN i i 08 = ) AR R e i 9 B Y 2. 45 £ (1A
2), FRAH ] K B B A A K S B AR AN e i 8 i)
KRR RN 2. 70 fZ (& 3). & 4(a)
RFE 3 d 8 HADTHE 58 B 3k 0. 75 MPa, JR:AH ] 5%
T T f e R AR 2. 10 %, B el DL,
G AE AR A A R0 0 A AT DL AR
fan AR A ) S R R, R B AR R R TR
R Y B g

(2)7K.tt5<1‘\ﬁmﬂl"iﬁ’] Rt g iob-Al

WS A SCWE e, TR R 1,52 g/em’,
Tl 5 & om, o 10%, KRS & ml Ky 13 %00,
TR AR T 00 B BT R i B g v, PR O AR T AE I
FEAh b 3 — 2 W 5T K B B (/. SR 0,26, 0. 28,



552 XIE, % faE i oK o I R 5T 209
141 231
gzam/m,=8% o am,/m,=0.26%
1.2F im/m,=10% i E=m /mk 0.28% .
” =m/m,=13% £ g 2.0 =m,/m,=0.30%
&~ Lok m,/m,=16% Fesd s m /mr(] 32%
= L m/m,=20% 3 =® m./m,=0.34%
= o0 I = T
= 0. bl =
H : H
2 0.6F bt £ 1of =
= o 77 = ek AN 5
= 04 ' 7 : = ! :
T N Rostrl | | |
mﬂ ! 55 ; 3
¥ | %% | b
b ! | NN | i — : .
0.0 s p " 00 3 7 28
#i"z\,ﬁﬂ/d ﬂé\ﬂﬂ/d
a) % T - 8% AR A= SRR
() A0 w0 8% ¢ iU i 5 REKEGRK L RESRE
231 i i Fig. 5 Compressive strength of lime-soil sample
m/m,=8%
Jmy/m,=10% with different water-solid ratios
g 20 = m/mﬁl'iz N . R
5 mim=l6t BELCFE i 5 3 K 2 00 O R 5 i
i L : N N
E’ = 2. BAR RBOB K, WA R K P R
£ 1o} , AT EBE SR G m,/m Hy 0.3, FREEN
e =3 13 %6 19 2K 350 AE I AH [ 5% 40 TF B0 98 I 10 0 fi vy %
0.5F |
; TR EAFEAE S d. 7 d, 28 d I AL REL, il
M“3 — o g2k W DL 3.
i Wd 3 KEHBHORURE
¥ A 004 A% 1= SR A :
(&) TR 1 0% 5 LI EREE Tab. 3 Softening coefficient of lime soil material
201
EAAm/m,=8% iﬁﬁé 3d 7d 28 d
[m/m,=10%
- 2 m/m,=13% B3 e - 2 A
%L& Dgﬂﬂ% : /N e 0.74 0. 83 0. 81
= S-S0 TR I8 4 SR 0. 81 0. 88 0. 84
B
¥ oLof
£ 7 B 3 W LLAEW, ik K LR AL
®

0.0 r
2
1 H17d

(c) TR 06 1 3% 2 + IR AR

28

E4 FREBRSENRLIHERE
Fig. 4 Compressive strength of lime-soil sample

with differentlime content

0.30, 0.32 F1 0. 34) Kb fha i 08 4 A% 3800 T6 0 PR
PUHE SR 1) 50, RIS & 5 PR,

HIE 5 oTLLE®, KEH m, /m XN T W
0 AR R R SR EE S A R, R 3 R
AL, Bl & K L my, /m, B3I, XA A o
BRGNS, YK A 0.3 B, A
MPUESR B e k. R 3 BIRIR 4R, TR0 e
U o, P RO S v 08 B T XoF I 1) K [ L o, /om L
RSN s 5 0 = 0 K A AR W R, 0 2 4 G N 1%
vt b/ i R | = o = I W = 2 e SRS
IR SR, BT B0 5 /K A BT 18 BT 3.
2.4 RRBISEXNRKTHRLABNZIE

IRSCHAR AL F B T R AR R K R S B TG )

SN T i e e B0 3 RE AR A R B Bl R
e CISE D IR N Z R4 )| I 1= e s I W £
SRR - S Sl =i el R (=0 o SN S [ RV S
B, 5 i v W e B AR R AR b R KRG R I8
ARAGARNS B /N, T UL AR e e R L 2 5 K
R B ER AL T RE

3 HEMR

AR EE AL I 4 B O s 08 0 AR R K
R S AL AL A R ] 4 3 R B8 (SEM) 48 H: 41 WL
SEAE) R 5T i v 04 = 5035 HLAR AR ) S P e
B N TEALEL.

3.1 EKETH

IRERFEW EKREAA, FE—ERE LTl
) 422 B e XA PSS L) A B S B R L LA K I L
me/mF 0.3, AREE A 13% K RFEME
Sz BORE, A B A W) 8% B L KB bR

TRE BRI 1026 fi 25 0 4= 0 2 4 3R Y B K R
A, DLRAT BB I ) S K AR Y 4G &
wo , SRJG 53 90 I A ] 16 30 690 5 R0 AR 3R AR
i v s = B A AR A B B t 53R 3 d.

7J(ﬂ—“ Wt 5



210 [N = S/ S s PN

¥ RHARRHEMD %51 %

7d, 28 d, WAEERFRABAMELIE 6 PR,

Hi& 6 ATLAFE Y, 7E TR & b FR 1P B 3 LK 1
RS I 1026 i vei W b 9 AR A iR B0 55 K
RE A 16 1 0 30 I Sk b BV 3. XTELIE 6 P
Wi 2RI LU e, 7K A ] Y 3 RLAR 4 R A
AN A v e e 84 ¢ R B9 40 R K R A A
[, 3 T e e 0 s B 0N (A I 2% 4R R A
BR/ANT R A R o B S B A AR, T A AR
B ERBRPGE, AT K

XEFE IR L, BE A B A, R
S KR RBNES, 27 dERLIRFEREK
RILFA KB, X T 2R P A R i A IR
Rl 00 30 B0 M R W R AR RO, WM T — E R
KR 73, TG AR R B BRI K 5 T s P Y
KGO FE K B Pl RN T b i s B0 A AR
HA K FR AR A B /N 5 W8 K e I W A R 1Y)
P, H 3 d Iy &K BAR R R R TR+
AR R, 2O O S 5 Ca(OH), Al
KK Y, TR LK H5E, &
o7 58 4 e R SUW e 1 T R P ) K o) S Bl
VERERA PN, BEE R, SOKRE
FhaE.

30r
27E

24+ __

21F

ERE %

18

—E= R 0% 4 i - 7K - A

57 e - it

=

121

1
0 5 10 15 20 25 30
1 H17d

Eo6 REMBMEKETLHE
Fig. 6 Water content of lime-soil sample

3.2 SEM &#r

WBE TR gsh 329m 28 d, AR RN 13%.
AKEE B 0.3 198 B AR = A R0 AH 8] 4% 4 T 7R
10 %6 f i 0 = 1 76 3K, FEHWTmI BT 4, KRG
R S (SEM) #EAT %, 25 R iEl 7 For.

B 7(a) 3R 28 d MR £3KKE, WTLUE
TN/ e s W S 2 AR S G = o o U AP
BAAS Koy T I 280 e v i Ak G SR SE A R, R
KA 5], Jkie) 2 DU - 2ok 2, LR
FEIL M/ B KL ) 25 B, TR 10 26 fh R 0
TR R AE, i 7(b) R, S b Y R I
FH2S8) 3 AT ERA BT AR, UKL WY I8 37 2 i e

eI gsm R PR, 5B 7(a) M L
MRS EH 2, R B
e ',1-. ,.i o *

7 IREMEE SEM B R
Fig. 7 SEM photographs of lime-soil material

4 Hig

o A A R AR T R I e S Y O 2 P R
T RIBIE, 15 00E T K A0 Rk e i e £
AR 5 DL R OK B b SRR g B OC R, FR I
SE T RFE B R, R AR K R AR LR
TR0 25 48 B 2 B, BRI T e s s AR
TR N AENLEE , S TLLT 45

(1) ZE4 = vb 7% I s v 08 = AN ] D3R 7K+
AR S B g RE i EL AT B A U o R

(MREE LSRR 10%, ARSER 13%,
KB H A 0.3 B9 LAk B B v, 3 d IR I
FE 5 A R S it T LR 00 2.1 f%, 28 d B3
SREEIRB]T 2.7 £

(3T INT A v W8 = 19 ¢ 3R B Bk R B0
A 12 0 Ml v 08 A S ] D 2 e
IR LM BHR R AL P RE 5

(4) B 5 Ca(OH), FIK & A AL 5 R
Al 7555 O v 08 0 K 4 RORE B 5 K R BN S
B8R S5 i WA RN I A

(5) TR0 w08 = B0 2% 4 BRRE B4 45 4 B ik bb o



55 2 39

XA, S5 i o o8 A 4 5 B A IR0 T 50

211

PR LR B0 25 ) B8O, R 0 ARG e 0 2 A AR 43K
FE, AE RN A T OKALEERR 5 (C-S-H ), AT
B TR 1A R EE.

S X3k  References

(1]

[4]

(7]

[10]

R OB, Eafe, F . RERBF PP AE
SRR ) B R R )] s R hES
TAE2E4, 2011, 30(10): 2120-2127.

LI Li, ZHAO Linyi, WANG Jinhua, et, al. Research
on physical and mechanical characteristics of two tradi-
tional silicate materials in Chinese ancient buildings
[J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2011, 30(10): 2120-2127.

JEWREK, ARIERS, BE, S . R R K 2 R
T SRE RIS+ TR ] &+ TR, 2007,
29(9):1324-1329.

TANG Xiaowu, LIN Tingsong, LUO Xue, et, al.
Strength and geoenvironmental properties of clay im-
Chinese
Journal of Geotechnical Engineering. 2007, 29 (9):
1324-1329.

EFIR, REM . KB %A R it B
WA R[], WRBEFARERESFR(E AR
fi), 2010, 42(2):288-293.

WANG Xueliang, ZHU Yanpeng. Theoretical analysis
and test of the foundation of collapsible loess rein-
forced by lime piles [J]. J. of Xi’an Univ. of Arch. &
Tech. ( Natural 2010, 42 (2):
288-293.

MODMOLTINC, LU J, ONITSUKA K. Influence of

humic acid and salt concentration on lime-stabilized ari-

proved by tung oil and sticky rick juice[]].

Science Edition ),

ake clays and microstruction research [ J]. Chinese
Journal of Geotechnical Engineering, 2004, 26 (2):
281-286.

skl , BB, Eikk, 5. KBS EAEKR L RIBFR
[J]. PSR RFEEMR(ARFIEM) ., 2012, 44
(5):632-636.

ZHANG Qian, WEI Huawei, WANG Yongbing, et
al. Study on cement stabled cold recycling lime-treated
soil [J]. J. of Xi'an Univ. of Arch. & Tech. (Natural
Science Edition), 2012, 44(5):632-636.

AIEZE, xRS K, BB . A AR A
WOWHLHIBF [T ], AA h %5 TR, 2014, 33
(6):1278-1285.

DU Yanjun, LIU Songyu, WEI Mingli, et, al. Micro-
mechanism of overwet clayey soils stabilized by calcium
carbide residues[]J]. Chinese Journal of Rock Mechan-
ics and Engineering, 2014, 33(6):1278-1285.

Bell F. G. Lime stabilization of clay minerals and soils
[J]. Engineering Geology, 1996, 42 (4) :223-237.
Mckinley J. D. THOMAS H. R. WILLIAMS J. M.
et al. Chemical analysis of contaminated soil strength-
ened by the addition of lime[]J]. Engineering Geology,
2001, 60 (1) :181-192.

SILVA B A, PINTO A P, GOMES A. Influence of
Natural Hydraulic Lime Content on the Properties of
Aerial Lime-based Mortars [ J]. Construction and
Building Materials, 2014, 72( 72) . 208-218.
KREZE, MR . AR 85 5 0 5
BEE(J]. AR SR, 2017, 39(1):39-44.
SONG Yanjun, ZHOU Zhenjun. Research progress of
lime-metakaolin restoration mortars [J]. World Sci-

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

ence And Technology Research And Develop-
ment. 2017,39(1) ;39-44.

SABIR B B, WILD S, BAI J. Metakaolin and calcined
clays as pozzolans for concrete: a review[]J]. Cement
and Concrete Composites, 2001, 23(6):441-454.
PAVLIK V, UZAKOV A M. Effect of curing condi-
tions on the properties of lime. Lime-metakaolin and
lime -zeolite mortars [ J]. Construction and Building
Materials, 2016, 102(1):14-25.

FEMNDEZ R, NEBREDA B, VILLA R V, et al
Mineralogical and chemical evolution of hydrated pha-
ses in the pozzolanic reaction of calcined paper sludge
[J]. Cement and Concrete Composites, 2010, 32
(10): 775-782.

FURUKAWA Y, REED A H, ZHANG G. Effect of
organic matter on estuarine flocculation: a laboratory
study using montmorillonite, humic acid, xanthan
gum, guar gum and natural estuarine flocs[]J]. Geo-
chemical Transactions, 2014, 15 (1) :1-9.

XY, T A&, EEm . KIR-5 55 A BB i
AR RS [T]. REMR 2R, 2015,43(5):
610-618.

LIU Rengguang, DING Shidong, YAN Peiyu. Micro-
structure of hardened complex binder pastes blended
with slag[J]. Journal of the Chinese Ceramic Society,
2015, 43(5):610-618.

MLEZA Y, HAJJAJI M. Microstructural character-
ization and physical properties of cured thermally acti-
vated clay-lime blends[]J]. Construction and Building
Materials, 2012, 26 (1) :226-232.

RICHARDSON 1. G. Tobermorite/jennite and tober-
morite/calcium hydroxide-based models for the struc-
ture of C-S-H . applicability to hardened pastes of tri-
calcium silicate, B-dicalcium silicate, Portland cement,
and blends of Portland cement with blast-furnace slag,
metakaolin, or silica fume[]]. Cement and Concrete
Research, 2004, 34 (9) :1733-1777.

EAREE, RBEAR, XISIF 5. R s o6 K8 o
MR [T]. dE4JB 7, 2016, 39(2):59-61.
WANG Linhao, XU Xiaodong, LIU Jianping, et al.
Effect of Metakaolin on Strength of Cemented Soil
[J]. Non-Metallic Mines. 2016,39(2):59-61.

RAW, B e 4 TR BE AR ) S2 5
WFge)]. REERER @R, 2014, 33(5):1169-1173.

ZHU Lingli, ZHAO Yu. Experimental research on the
properties improvement of shotcrete with metakaolin
[J]. Journal of the Chinese Ceramic Society, 2014, 33
(5):1169-1173.

)7, BRESE, IME L R 6 P RE K VR D 3R
REMIZNE [T ], ZRAE K% (B ABHFRR), 2015, 45
(1):121-125.

JIANG Guang, RONG Zhidan, SUN Wei. Effects of
metakaolin on properties of high performance mortar
[J]. Journal of Southeast University ( Natural Science
Edition), 2015,45(1):121-125.

(RE W PO





