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Effects of aggregate sizes on hydro-mechanical performances of treated laterite

TAN Yun-zhi, HU Yan, ZHAN Shao-hu, LIU Wei, MING Hua-jun
(Yichang Key Laboratory of the Resources Utilization for Problematic Soils, China Three Gorges University, Yichang 443002, China)

Abstract: The laterite is prone to aggregates due to the possession of high-content clay and moisture. It may be difficult to mix
uniformly when lime and/or cement is added into the laterite, and further influences the treated effects. Four groups of laterite
are selected, with the aggregate sizes of 5.0, 2.0, 1.0 and 0.5 mm, respectively. The mixing ratio of metakaolin-lime-laterite is
5751790 in dry weight. Then, the mixtures are moistened to the predetermined water content of 33.2% using distilled water.
Finally, the hydro-mechanical performances and microstructure tests on the laterite specimens are carried out after compacted
and cured to predicted periods. The results show that the linear shrinkage increases and the unconfined compressive strength
decreases with the increasing of the aggregate size of the treated laterite. However, the inhibition of the shrinkage and the
enhancement of the strength appear after adding metakaolin into the treated laterite with the same aggregate size. This may be
ascribed to the following reasons, lime just adheres to the surface of the laterite aggregates, which only forms “bridging”
linkage between the aggregates, and does not develop enveloping cementation. The metakaolin, containing plenty of amorphous
silicon and aluminum oxides, can quickly capture the calcium ions in calcium hydroxide solution and form cementation
hydratessilicon and calcium aluminate owing to having high pozzolanic activity. Meanwhile, the metakaolin also play a role of
filling into the inter-pores of soils. Both of them improve the hydro-mechanical performances of the treated laterite.
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Table 1 Basic properties of laterite
e wm ow gy MR ROCE K
o s mE L ki ik
K% Ngem?)  F/% %
56.5 35.0 21.5 2.71 30.2 1.48 16.9 1.94
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P U A2 18 [ LT R (BASFO 2 ml R 1 7= i,
B HFE I 25 600°C~800°C FBHERIB TR, I
BEAFN NG, R 2. Hrp, SAEEAEN
BREE GRS, 25 EBER 92%, MUOANE
RIS IE” .

(3) fk

R EILIAEIL, AES (CaO) & &
97.3%, KEREN 2.4%, HMFEFE 232, FHK
F B SRR AL, gk 3.
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Table 2 Chemical composition of metakaolin

A Si0;  ALOs CaO Fe;03 MgO NaO  HE
EEY% 52 40 1.0 25 0.8 0.5 32

*® 3 AR STALS T

Table 3 Chemical composition and grain distribution of lime

2T 1% RILAZ 3 /%
CaO MgO CO2 SO; <80pm <200um <2 mm
9730 096 0.25 0.06 82.7 95.2 100.0
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Fig. 1 Grain-size distribution of test materials
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Fig. 2 Laterite for tests
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Fig. 4 Relationship between UCS and curing period
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Table 4 Testing plan
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3 JE 4 Eil
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Fig. 5 Shrinkage curves of treated laterite
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Fig. 6 Shrinkage model of treated laterite with Dmax=0.5 mm
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Fig. 7 Compression curves of treated laterite
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Table 5 Strength parameters

Dinax V‘]}g}?ﬁ% ¢/(o ) ;&l—géjj c/kPa
/mm L2+ MK-L-a%Fi+ L4aft MK-L4a%#+

5.0 18.1 18.7 121.5 143.9
2.0 24.4 20.3 85.9 179.9
1.0 18.2 21.9 74.1 126.1
0.5 17.4 21.3 79.8 151.4
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Fig. 8 Direct shear strength of treated laterite
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3.2 il iR AL

FRAEE RS LA O AR T HAR IS0, HoAR
FHE R RE 0 N AN B, BV 3 AR A .
Hrpb, WHWEH, &fA0KNEEAE, #TH
FARHAEH, (RSEEE kL (kD) SRR ZL5E ) AR
it e, KHAVER, R ARS Pik 2R A 2L B T30 i
YEF G 3G RFLRR/K pH B, SRBRVEIREE 26 -0 4+
M8 FEEMIR A, AE 58 E T RAE KK
SN, AR AR RS . KA RERRAS S5 AR 454 . AT LA
B, ARG KUK N R L R 1 0,

P U4 2 DL A+ (ALO3-2Si02-2H,0) K3
FERL, 243 600°C ~800°C I B Bk 5 i /K FE B 1)
TEKFERRER (ALO3-2S102) o BEEE J5 (i & LR mT 48
15 02~18 pum, &K/ 17108, 1 5
AU IR AR N, A K [ NAEIE 1200(mg
Ca(OH)yg) !, A, i L3 5 A AR TG 58 BE Y
FEFFRER T Wk Fb i RE, Rt
JERE. dREIY), BESEE TR T G

B 12 RPAANE 2L EE - B S B R R
FLRs it AHIEZR ] Y, MK-L-Z0%5 4 b 45 58 1k
B L2038 R AR, JE3E 7R 180 d JE MK,
FSFRUE TR 90 A (VR IE, UESE T s - HAH
mﬁﬁ%%%?%%
—a L%+
—— MK-L-Z1%i+

Ca?*/(mg-L")

120 150 180

30 60 %
12 AE LRSS FIRE

Fig. 12 Ca?* concentration of treated laterite
fim im0 HBR ARSI Ah, I I TE S R )
FLERAER (B 13>, HASRTUAT B e 358 -

[ 13 MK-L-£IFh - A 50
Fig. 13 SEM of ML-L-laterite
B 14 2 Ab¥E LR S8R AR TR (R FLBR AT 1 o
Kl 14 £B, MK-L-ZLR LR 260 T L-20%5
PIRIZE ™ T7, B & I FLBR 3 A H 2 B 2 Fr UEAE
UHIZKALRTE RN L8 R fLR B E 2, Lk
PRRAR: Bz, D)5t B i v 0 ok R LB R AT B 2 1)
SRR, A W 1 R FLAR AR AR 3 A

0.4

e
W
T

FLERAABY (cm3-87Y)
e
Y

e
—_
T

0 L L ; | -T""--—- |
103 1072 107! 10° 10! 10? 103

L& /um
(a) RBKRE
0.8

% 0.6 — L%t
= 1 - MK-L-£1%6+
z
< 04
Sy
=
g
5 02 Mac‘ro—pores

0 e

| 1 e W/ |
103 102 107! 10° 10! 10? 103

L& /um
(b) LB %
14 AETHIFLBRE S T

Fig. 14 Distribution of pore size of treatd laterite

4 & i

(1) RbIALT B Ko e 24 T2 B - A
RORSFRIALYE ok BRI SF K, KEUbEss ., 9
BT BAREIS L, LSRR KA
VALT RS F K- RS

(2) L EHRR RS, Rk, HIERG
ARG BT, W DA 534050 45 T R 2%
T, 0K It HBERT, MTTIER “ KRR .

(3) fRmls - B B B TR ), AR
SRR KRR, 4% T AR S 4 528
(VA it R s R, R U - 3 B 8 7 R R DAL R,
A R T A IALT B K- R



128

W&, 5. AR LR K-V RE I DR RS %08 2329

SE -

[1] GIDIGASU M D. Laterite Soil Engineering-pedogenesis and
Engineering principles[M]. Amsterdam: Elsevier, 1976.

[2] £, 45 % SORIE[CY/5E = w4 4+ T2 5t
W4, 1991, %t FH. (WANG Yu-hua. Definition and
demonstration of laterite[C]// The Second National
Symposium on Laterite Engineering and Geology, 1991,
Guiyang. (in Chinese))

[3] WE, LA Fks L TRELF M. 65 RRE AR
1, 2006. (TAN Luo-rong, KONG Ling-wei. Problematicsoil
Engineering Pedology[M]. Beijing: Science Press, 2006. (in
Chinese))

[4] Re&. ESLLLR LK TRRRHE 53 A & RO AT 5E[D].
Jbnt: s ERZER T 5 AR, 2009. (TAN Yun-zhi. Study on
Engineering Characteristics and Moisture-heat Coupling
Effect of Compacted Laterite Soil[D]. Beijing: Graduate
College of Chinese Academy of Science, 2009. (in Chinese))

[51 Rz, # #%, & R, 5 (sl Lo EA KBRS
KB IMLHIT]. A 1%, 2020, 41(7): 2207 - 2214,
2282. (TAN Yun-zhi, HU Yan, CAO Ling, et al. Mechanism
of metakaolin and lime modification of water sensitivity for
compacted laterite[J]. Rock and Soil Mechanics, 2020, 41(7):
2207 - 2214, 2282. (in Chinese))

[6] SHI B, MURAKAMI Y, WU Z S. Orientation of aggregates of
fine-grained  soil:
Engineering Geology, 1998, 50(1/2): 59 - 70.

(71 % 28, o, X, S SRR G5 TR
W R B A [0). A& L TR R, 2005, 27(12):
1482 - 1486. (CAI Yi, SHI Bin, LIU Zhi-bin, et al.

quantification and  application[J].

Experimental study on effect of aggregate size on strength of
filled soils[J]. Chinese Journal of Geotechnical Engineering,
2005, 27(12): 1482 - 1486. (in Chinese))

[8] WANG Y J, CUL Y J, TANG A M, et al. Effects of aggregate
size¢ on the compressibility and air permeability of
lime-treated fine-grained soil[J]. Engineering Geology, 2017,
228:167 - 172.

9] =&, A % R M, & AR R LR RS
S HF 9 [T, % £ J1 %, 2013, 34(5): 1242 - 1246. (TAN
Yun-zhi, ZHENG Ai, WU Pian, et al. Effect of aggregate soil
size on California bearing ratio values of laterite soil[J]. Rock
and Soil Mechanics, 2013, 34(5): 1242 - 1246. (in Chinese))

[10] TANG AM, VUM N, CUI Y J. Effects of the maximum soil
aggregates size and cyclic wetting—drying on the stiffness of
a lime-treated clayey soil[J]. Géotechnique, 2011, 61(5):
421 - 429.

[11] 2 % o T 2 2 it T8 R #L 3 . JTI034—2000[S]. 2000.
(Technical
Roadbases: JTG 034—2000[S]. 2000. (in Chinese))

[12]2 %+ TR HNFE: ITG E40—2007[S]. 2007. (Test Methods
of Soils for Highway Engineering: JTG E40—2007[S]. 2007.
(in Chinese))

[13] AMBROISE J, MAXIMILIEN S, PERA J. Properties of
Metakaolin blended cements[J]. Advanced Cement Based
Materials, 1994, 1(4): 161 - 168.

(14] EHME, xSz, kS, 55 TR0 M ke
TEFEFIVE SR IED]. A&k T2 %4k, 2014, 30(22):
163 - 169. (WANG Wei-peng, LIU Jian-li, ZHANG Jia-bao,

Guidelines for Construction of Highway

et al. Evaluation and correction of measurement using
diffraction method for soil particle size distribution[J].
Transactions of the Chinese Society of Agricultural
Engineering, 2014, 30(22): 163 - 169. (in Chinese))

(15] =&, §1 k, XOKEE, 5. fmid L o R K3 2r
B AT N SHLEI0]. A& S, 2019, 40(11):
4213 - 4219. (TAN Yun-zhi, HU Yan, DENG Yong-feng, et al.
Behavior and mechanism of laterite shrinkage inhibition with
lime and meta-Kaolin mixture[J]. Rock and Soil Mechanics,
2019, 40(11): 4213 - 4219. (in Chinese))

[16] FLAMH, Pists, s LA BIRGFEMVIE 5T
[7]. AETFEZER, 1995, 17(5): 42 - 47. (KONG Ling-wei,
LUO Hong-xi, YUAN Jian-xin. Preliminary study on the
effective cementation characteristics of the red clay[J].
Chinese Journal of Geotechnical Engineering, 1995, 17(5):
42 - 47. (in Chinese))

(17] koeth, L. AR SF 0 I BAE M
R I]. A TAESR, 2014, 36(1): 65 - 74.
(ZHANG Xian-wei, KONG Ling-wei. Interaction between
iron oxide colloids and clay minerals and its effect on
properties of caly[J]. Chinese Journal of Geotechnical
Engineering, 2014, 36(1): 65 - 74. (in Chinese))

[18] OSULA D O A. Lime modification of problem laterite[J].
Engineering Geology, 1991, 30(2): 141 - 154.

[19] INGLESOH. Soil Stabilization: Principles and Practices[M].
New York: Wiley, 1973.

[20] #H&5E, FEWA7. A AL ER L (PR ) 2 PR B SR
FR W E D). & £ 0%, 1991, 12(3): 11 -23. (YANG
Zhi-giang, GUO Jian-yang. The Physio-mechanical
properties and Micro-mechanism in Lime-soil system[J].
Rock and Soil Mechanics, 1991, 12(3): 11 - 23. (in Chinese))

[21] MURRAY H H. Overview—clay mineral applications[J].

Applied Clay Science, 1991, 5(5/6): 379 - 395.



