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Improvement of Gravelly Laterite and Cement Stable Disposal in West Africa
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Abstract: Owing to poor gradation and high liquid limit and plasticity index, the application of gravel laterite
on road paving is limited in West Africa. To overcome this issue, laterite granule combined with sand at
different content was explored. The performance including the particle composition, limit water content and
CBR value was investigated. The results indicate that sand treatment can improve the gradation, enhance the
compactness, and reduce the plasticity index. The improved gravel laterite can meet the requirements of
subbase, cushion, and base courses. Cement treatment can improve the mechanical properties of laterite
grains. Cement and sand content affect the unconfined compressive strength significantly, with an optimal sand
content range identified. Specifically, laterite granules mixed with sand and stabilized with 2.5% PKS58 cement
and 3.5% PK6 cement meet the specifications for cushion layer materials in inverted structures in West Africa.
The overall findings contribute to localization design and the optimization of indigenous materials in West
Africa, broadening their application scope and enhancing their use in construction projects, offering valuable
insights for Chinese engineering projects in West Africa.
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Table 1 Basic information of subgrade filling materials
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Figure 1 Gradation of typical laterite granules in

West Africa
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Figure 2 Distribution of boundary moisture content
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Figure 3 CBR value of typical laterite granules(compaction degree 95% )
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Table 2 Basic properties of PK58 gravelly laterite and PK6 sand
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Figure 4 Effect of sand content on gradation of

PKSS8 gravelly laterite
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Table 3 Effect of sand content on PK58 gravelly laterite
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Figure 5 Effect of cement content on unconfined

compressive strength

3.07
2.5}
2.0f
1.5
1.0r
0.5+
0.0

——PK6
—e—PK58

JC AN BR BT 15 5 5 /M Pa

0 20 40 60 80 100
B4 /%
Ele6 miBEXMILARTdTNRRERENHN

Figure 6 Effect of sand content on 7 d unconfined

compressive strength

Fier B0 40% F IR G ORHE WP BB 2R % S 45
¥, o R BT 3 A B e K o B A PK58 15 i
W 5 T PK6 20 ) o o F e 0 0 9 X K e e
WAL 7 d i 399 DG I BT ik B SR, PKSS /K T e e
2L R RHB R S R T i R b A E SR T )
DL 2 B I JE 2 M 32 28 3 A T I N B R )2
fifi FH K s PK6 K e e e 40 ki) vl i 2 rp 4 ac i —
P B LUR S BRI B2 A 2R . 3.0%6 /K g I i 1)
BV E 60% LAN Y PK58 5510 40% B PK6 21 + ki
B JC O BR 6 R 58 K T 1.50 MPa, it 2 74 A 18] 2 4%
A 1% T H 2 B R AR B R



% 2

EHEE,F BERRELIEHBHRRERARREBELEHER

287

4 HIERMar B RARRKTE

3 2 6V S H XOR R B AR R M 6 Rl ik
G AN NI L LR e ol 1 R P SR N R VN E
b A8 7K U X Bk T 21 Rk Y R A 5 AR e 2k )
AT 25 K, XoF S [] b S 21 b 1 B O 6 R AT A
HIEARE AP (R OWT .

(1) By SR % . ORI R FVE &b (56
Tt I BEBR AN ) AT R s O AT R FHBRE S RE R
{3 Y AR N R P S S . BPRAT
— B IBVETR B A A AT 4B N 20 96 ~40 % £ LBk
QERE - M X FR 57+ AR — o JE A 9 1 R BRI
AR B ERD L A 30 cm B /b i 2T - BRI D

ZJe P B R S, ELE T K/ 2 AL B

(2) B2 BRI T %8 . O Se ik £ 40 + 8k
BHIUR ; @ 41 okt s = i, ] R JH 21 o F e
IR, B0 L GIAR 4 B & CBRIA K # & , — i KB
] 3k 4004 5 O AR AR K P 70 Y K 98 Ak b gE
T8

(3) #IZ B BIH 7 58 O NLES 5 B 1] BE (R 45 44
R LR G % 8 © 2% il 2 J5 o 1 45 4 ol 20 45 45
FAYINE Sk Y R IE 8 A S T 45 #1073 RE D, R I B
PR — 5 1 R RRE MR A o R BB, RIS K
Teta & i K Ve Fe E 21 L Bk B K e R E B b 4L
b BRORE R AT BUST, 2K Y8R AT T AR R O Y
R M PESE F IS, AT AR BB R

F4 BEESAMBHERE
Table 4 Applicability of subgrade filling materials

ik
) + PG
BT s 4 e 3 1 5
TE BSOS b VBRI 3 S RO K TS 47 AL B s hoeh
\ o o ‘ A U R K B 2 AR OK
DG o K SR A, R R SR L A A B A M A
TS.PK85 - o o ) ) e 55 ) X JL AL S A R
HE FE 5210 7 3 HE A7 6 T, ELIEOH 3 BE R Bt AT 10 A 8008 s, 7 11 2% X
BRI . o JiE 2 /b 35 em
it 10 m GEMTRALHE IR R Rk R
a4+
VK PR prg P ERETE SR B AR T B EROLH  non no. AR AR 4 Ok
‘PK_;% A IER USRI ST 7 ST L L no L R 1 TR B AR S 4E V8 4 ) b H Ab S 6 L R
b}
BT S AT id 5 m Jg ARy, B3R Eyy,=>20 MPa JEZ R 35 em
- TR MG nos, B SR FH K B 45 4 R K TR
MR B SE B ARG R
PK6.PK28.PK35 ) B b 0 T TG A9 AR S5 90X B0 AR, A0 K %) %) Ho Ak B 5 6
HE S 9 97 5 AT ) o
Al AR, B3R Ey,=>50 MPa HE)Z S % /0 35 cm
L BB B 45 SR B K 3 3 108 0k
T oilo prpy TR J AT E TR RO nornos R K BE 2 4 OK TR
]‘3}‘(95 U HOH R HEER AT 10 m Ho TSR I nos B, BE R B I 9 AR S 40 A K4 ) X A S T

JEIFAZ K b USR5 3 52 7
SCHEAT R, HBUS # B2 i 10 m

AR, ER B /D Ey,=>20 MPa

HE#JRIFESE 200 35 em

TE  Evo Jy 0K B P Y 2k B (PST) JZ2 XTI AT B AR

5 #»

RO | EA NS S i S TR TR AN N
VLR 3B 00 45 K D80 B 5T 21 L R0k 2 R WF 5T L 45 i
W LS

(1) G A B A0 8% 5T 21 4 04 90 BR 55 28 1 95 20D
15, Rewe W50 A G, AN 15 A2 PG Al [ 5806 38 6 i 2 =
HZHORIE AR ZOR , Tk H A .

(2) fE Tk 2L 4 P 42 i = b ] 64 4k wd, m]
DA S35 G TE , B o TR A L o SR I A O R R A

Rese (52 W, 2 K5 AR R 2T 4 5 A A 52 4 10 7R 28
[EDARNCIRC: DN SR =N 8 Y = S |
BK

(3) &L R kB R0 2l R G0 BE 5 7K e i i i 1 H
Wl . b5 i AEAE B AV [, PKS8 AT PK6 Wk BT 1 +
BHP 40% B IR A kL TC M BR BT A 5k 5 38 B fe oK. 3
Ik e ) AT S 4R e RS RS B, 2.5 %6 JK Je A i
(1) PK58 7K Jle 2 2 21 - RBE A1 3.5 %6 7K 8 1) 1 1Y PK6
K e AR 21 ARk T LA A2 TG 3 5] 25 45 4 1 AR 2
A RL 3 B K



288 ok oA % 2024 4
Journal of China & Foreign Highway,2020,40(5):267-270.
S Z 30Hk [9] MENGUE E, MROUEH H, LANCELOT L, et al.
References: Mechanical improvement of a fine-grained lateritic soil
treated with cement for use in road construction[J].Journal
¢, , W 15 I 2 4 ki kB H i
(1] 3, B P e A A 21 R B LR (). T A SR of Materials in Civil Engineering,2017,29(11):1-11.
2016(7): 142-143. ; s -
@ [10] J& Jc 4 B JR . 1 Y 44030 B I £ 4 T £ 24 i T o
YA TAO Zefeng. he fi i licati
NG Ge, TAO Zefeng.On the formation and application (R T]. b AA B.2015,35(S1): 124-127.
f the West Afri 1 llet[J]. Chi
© ¢ wes rican clay pellet[J]. Chinese & Overseas ZHOU Daquan, ZHEN Yufeng. Application of red clay
Architecture,2016(7): 142-143. L . L . .
gravel in highway engineering in tropical Africa[J].Journal
2 A Je H A8 #E TR 2 4 Rk BRI
(2] #FtG. e AR B TARAT £ ROR B RAFHE 5 1] of China & Foreign Highway,2015,35(S1): 124-127.
] B A T2 5 4 R ,2017,15(1): 15-17. ; e ; s ; N . s
M (1] VA% . [E50 I0 75 B TR 37 B MO AL AR 5
YANG Kaihe.A study of the property improvement of the
Y properiy 1mp i Rk, 2004,
laterite granular in Nigerian road engineering[J]. Traffic L, . .
SHEN Jin’ an.Summary of foreign asphalt pavement design
Engineering and Technology for National Defence,2017,15 ) o
methods[M].Beijing:China Communications Press,2004.
(1): 15-17. e A
] 5 5 AR . TSR 20+ B 54 4 T [12] AHEEF, B 8 . VG =l 20 - M X i 55 [ T 295 44 0 3R 8 491
A 260 3% B E AR RAR AL L kLR 4 Hoxr T
: s G3HT[30. 2 6 28 T R (0 FH 42 R bR ),2016,12(4):59-61.
TV RE S WA 43 A7 [J]. AR 1,2020,40(5): 263-266.
FU Jiawei,LYU Gaohu. Case analysis of typical pavement
ZHOU Xingye,JIANG Yong, WANG Xudong. Analysis of
structure failure in laterite area of West Africa[J]. The
mineral composition of natural lateritic gravels and its 1
. . ) . Journal of Highway and Transportation Research and
influence on engineering performance[J].Journal of China
PR 2020.40(5): 263-266 Development (Application Technology Edition), 2016, 12
oreign Highway, , : -266.
4):59-61.
[4] IVANSCHITS E, MILES J F. Heavy-duty finishers “)
13] JACKSON M P.Th 1 f Africa:Th h 1
efficiently and economically lay crushed aggregate and [13] ¢ geology o Allica: ThE BEOCATONOOgY
d luti f Africa[J].Sci ,1984,226(4680):1309-
laterite base courses in West Africa[C]//The Fourth IRF and evolution o rica[J]. Science ( )
1310.
African Highway Conference,Nairobi,Kenya Pavers,1980.
Mo Er g 2 4 s E vy \
(5] 20T B b U P T M I 20 R [14] 585 W% R 15 B Ly ) ket B pL
2% o4 5 .
L1 5 B P RO, 2B T F2.2017.42(5): 327-331. PHAFFE[)]. TR H0%2,2011,39(4): 1-8.
JI Gengzhan,QIAN lJinsong,LING Jianming.Mineralogical SHI Chongxi, HUANG Ying, YANG Yuting,et al.Rescarch
and engineering properties of lateritic gravels from the on mechanical properties and sand-doped mechanism of
republic of Mali in West Africa[J]. Highway Engineering, the laterite improved  with  sand[J]. - Geotechnical
2017,42(5): 327-331 Investigation & Surveying,2011,39(4): 1-8.
[6] ONANA V L,NGO'O ZE A,EKO R M.et al.Geological 151 AT ALGEA P AR B A0 UL f B 52 [D]. 5 A - 11
e
identification, geotechnical and mechanical AR 2016.
characterization of charnockite-derived lateritic gravels ZHU Qiabin. Research on the formation of the voids ratio
from Southern Cameroon for road construction purposes of coarse aggregate[D].Jinan: Shandong University,2016.
[J].Transportation Geotechnics,2017,10: 35-46. [16] AWOYERA P O,AKINMUSURU J O,NDAMBUKI J M.
(7] BKERA T [ HE, 1M AR 5% SR 20 Rk B B T A Green concrete production with ceramic wastes and laterite
o PR A [J]. 28 BHE ,2017(1): 23-26. [J].Construction and Building Materials,2016,117: 29-36.
performance and application standard of African natural Geological, geotechnical, and mechanical characterization
laterite granules[J]. Transportation Science & Technology, of lateritic gravels from Eastern Cameroon for road
2017(1): 23-26. construction purposes[J].Bulletin of Engineering Geology
(8] 2 b, 4 5 S0 M 5, 45 . 75 o 5 P /R 40 KR B 7R and the Environment,2017,76(4): 1549-1562.
BT (D], TR AN A #,2020,40(5): 267-270. [18] JOEL M, AGBEDE I O.Mechanical-cement stabilization

MENG Huilin, JIN Haibing, LIU Xiongwei,et al. Research

on bearing behavior of laterite in Senegal of West Africa[J].

of laterite for use as flexible pavement material[J].Journal

of Materials in Civil Engineering,2011,23(2): 146-152.



