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Research on the improvement methods of using high liquid limit red clay
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Abstract: To solve the technical challenges of using high liquid limit red clay as subgrade filler in the Yuzhan Expressway
in Guangxi, this paper carried out experimental research on the physical and mechanical properties of the local red clay,
and conducted three kinds of red clay improvement experiments by adding river sand, sand at the foot of mountain, and
slaked lime. The research results show that as the sand content increases, the liquid limit, plastic limit, plasticity index, and
capillary water rising height of the river sand improved red clay all decrease, while the CBR value increases. When the
sand content is 15%, both the liquid limit and CBR value of'the river sand improved red clay meet the standard requirements,
making it suitable as subgrade filler for the lower embankment of the expressway. However, higher sand content is required
if used in the upper embankment and subgrade. With the increase of the sand content, the optimal water content, liquid
limit, plastic limit, and plasticity index of the red clay improved by sand at the foot of mountain decrease, while the
maximum dry density and CBR value increase. When the sand content is 30%, the CBR value, liquid limit, and plasticity
index of the red clay improved by sand at the foot of mountain all meet the standard requirements, and the improved red

clay can be used as subgrade filling. When 4% slaked lime is added, although the CBR value, liquid limit, and plasticity
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index of the improved red clay all meet the standard requirements, the liquid limit is very close to the specification limit,

so it is recommended to take the amount of slaked lime as 6%. Field construction tests indicate that the schemes of improving

the high liquid limit red clay by adding sand at the foot of mountain or adding slaked lime are feasible. The liquid limit,

plastic limit, plasticity index, and CBR value of the improved soil have all been significantly improved. Two kinds of

improved red clay can all be used as the filler of expressway subgrade.

Key words: red clay; liquid limit; CBR; improvement; subgrade; field test
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Table 1 Physical properties of red clay

~ \ I/ (g/em?) . R
Bbr BAKEY% LRLLE P MR/ % FLBREL  TRPR/%  YBRR/%  SEPRESRE METESC
SEHE 30.0 2.76 1.88 1.45 91.2 0.912 53.9 29.4 24.5 0.03
B AAE 43.5 2.77 1.99 1.63 94.1 1.303 67.8 34.5 33.7 0.40
/IME 22.2 2.74 1.77 1.20 86.2 0.700 40.5 23.8 16.1 —-0.14
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Fig. 1 Particle size distribution curve of red clay
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Table 2  Statistical table of the properties of the red clay

improved by the sand at the foot of mountain with
different sand content

BibE/ RINE BRRTE i el
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%  KE% FE(glem?) LR
30 19.8 157 180 494 250 244
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50 15.3 1.69 329 405 212 193
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Table 3  Statistical table of the properties of the red clay
improved by slaked lime with different lime

content
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Table 4 Summary of field compaction degree

‘ JESEEE %
W e /2
BEJE 5 i TEJE 6 i
93.60. 93.50. 94.60. 94.14.
: 93.20. 93.90 95.70. 95.10
93.60. 94.80. 94.90. 94.70.
2 93.20. 94.60 94.00 95.70
93.10. 94.60. 96.20. 95.20.
. 94.30. 93.50 95.10. 94.30
4 £ R

T I G T R A B T SR R R A B
AR R FRIER L R AT T, 53] 7 LIRSk

(1) ZXIAFE LR AT 50%, AmisiR
12, CBRHN 2.24%, ANipi 2 FUTEXT e o B 1 %
SRIERL R

(2) B RAE N, MEBDER
K, WFR IR, BYEFREORN B4R K b T B
B2 FEA%, 1M CBR fHBEZ K MBREN 15%
i, 203G TR R A 2 45.6%, AFET &
WiBR+, H CBRE N 3.86%, ] LIMENmE AR T
PRYEIERL, a0 RAE Ry E A B R SR RN B IR 1 JH
K, JBEHE—-DIREBUE

(3 B R 5 L), FE SRR
Ko BAMEKER IR YR PR EE 2 BRI,
MK T#ER CBR HRE 2K Bl R
2L LB RN 30%0H), CBR A IR AT
R R RVEEE R, W] LME S S R

(4) BN 4%H A K, CBRH. YRR M
FEB A S TR, (HR IR PR AR I VG R
B, EBVHEAKBEI 6%.

(5) IR ICUE, 5 11 D B35 W A K e
RElRAF LW REE AT, SR R
P YEEE . ¥ E38%0R CBR A B Bk, ¥
AT Ay R % B S A 2% 2 ) 3R

S0k

(1] ¥§3CF. T AR L FRE K ek ROTSE[D). B
T TTPEREE, 2015.
JIANG Wen-yu. Study on soil characteristics and filling
performance of Guangxi red cay[D]. Nanning: Guangxi

University, 2015.



ST 1

iu%ﬁ}’ %3

e VPR 2L 386 P A B R SRR} 25 R VAT 21

(2]

M, POEAK, BIEE, 5. P EET RS A
21 4T LI 7T HE (D], HhER 53R 5%, 2005, 33(4):
33-40.

XU Ze-min, HUANG Run-qiu, TANG Zheng-guang, et al.
A review of advances and outstanding issues in research
on the forming mechanism of laterite in south China[J].
Earth and Environment, 2005, 33(4): 33-40.

VRS, B, e, & RIRESERANENES
AR X 4T R A5 5 B BRI R E [T]. 54
243, 2002, 22(3): 235-242.

SUN Cheng-xing, WANG Shi-jie, ZHOU De-quan, et al.
Insoluble residues of carbonate rocks as source material for
red weathering crust in Karst regions of Guizhou province,
China[J]. Acta Mineralogica Sinica, 2002, 22(3): 235-242.
JEAR L, Mt e, A L5208 ], K ST HE R TR M
5, 1987(3): 13-17, 34.

QU Ru-min, MEI Shi-long. Red soil and red clay[J].
Hydrogeology & Engineering Geology, 1987(3): 13-17, 34.
BRI, ROLE, THIE, & ORIRE A TS L
e EAEFBEFLI]. S, 1996, 13(2): 139-145.
LI Jing-yang, ZHU Lijun, WANG Chao-fu, et al
Weathering crust of carbonate rocks and process of Karst
soil formation[J]. Guizhou Geology, 1996, 13(2): 139-145.
R, s WORBRIR A 1AL iR s s
FAEII]. HBIRLE, 2003, 38(1): 128-136, 141, 142.
FU Bi-chang, HUANG Ying. An approach to forming and
evolution of laterite overlying carbonate rocks[J]. Chinese
Journal of Geology, 2003, 38(1): 128-136, 141, 142.
Wik, LM, FEE, & 3 LIRS
FERIHRPR RIS [I]. & 7%, 2010, 31(3): 851-855.
TAN Yun-zhi, KONG Ling-wei, GUO Ai-guo, et al.
Discussion on the compaction degree index of subgrade
filled with laterite[J]. Rock and Soil Mechanics, 2010,
31(3): 851-855.

ek, MY, Befad, S5, 0K IR B 1R R
BFFL[I]. A%, 2002(6): 125-128.

LIU Long-wu, YANG He-ping, KANG Shi-lei, et al.
Research on nature of red-clay-filling material used in
road[J]. Highway, 2002(6): 125-128.

B, RS, 28, S TR SRR S LR B
FIPERERRIGTT L[], A+ %, 2006, 27(1): 89-92, 98.
ZENG Jing, DENG Zhi-bin, LAN Xia, et al. Experimental
study on properties of high liquid limit soil and red clay of
Zhucheng Highway[J]. Rock and Soil Mechanics, 2006,
27(1): 89-92, 98.

[10] BEf, ZERAfE, AEWeil. %5 A B BE AL ADR 1 0RHR

[11]

[12]

[13]

[14]

[17]

BT FE]. BHE LR, 2007(3): 30-31.
HUANG Jun, GONG Nan-sheng, LI Xiao-jian.
Experimental study on red clay filling of high-grade
highway roadbed[J]. Subgrade Engineering, 2007(3): 30-31.
st 74 e 2 e VR PR 0 3 TRR (D).
W ACIE R, 2003, 29(2): 39-40.

ZHANG Wei-hua. The main engineering properties of high
liquid limit clay of Hengzao Expressway[J]. Hunan
Communication Science and Technology, 2003, 29(2): 39-40.
e N RS E Sl s . 28 B B AR ik e JTG
D30—2015[S]. dba: ARZS@EHRERAA R A, 2015.
Ministry of Transport of the People’s Republic of China.
Specifications for Design of Highway Subgrades: JTG
D30—2015[S]. Beijing: China Communications Press Co.,
Ltd., 2015.

e NIRILMIE SZ @ IS5 8. 22 B % 5L il T BRI S
JTG/T 3610—2019[S]. dbat: N\ I Hh A B4 A PR
], 2019.

Ministry of Transport of the People’s Republic of China.
Technical Specifications for Construction of Highway
Subgrades: JTG/T 3610 — 2019[S]. Beijing: China
Communications Press Co., Ltd., 2019.

e NI E A iz f il o~ 8 - T E: ITG
3430—2020[S]. dbst: A RAZHE H AR B A7 BR 23 ],
2020.

Ministry of Transport of the People’s Republic of China.
Test Methods of Soils for Highway Engineering: JTG
3430—2020[S]. Beijing: China Communications Press
Co., Ltd., 2020.

e NIRICMNE AZ @ IS5 8. 22 BRI 7 e T i v e
JTG D50—2017[S]. Jbxt: A RACHE Hh R Bt A PR
N, 2017.

Ministry of Transport of the People’s Republic of China.
Specifications for Design of Highway Asphalt Pavement:
JTG D50 —2017[S].
Press Co., Ltd., 2017.
MBREE, B R R 0 o R I AT ).
%, 2007(1): 148-151.

YE Qiong-yao, TAO Hai-yan. Experimental study on

Beijing: China Communications

improved high liquid limit red clay[J]. Highway, 2007(1):
148-151.

DK, R B A R v RORR 1R R T (0],
AN TFE, 2009, 34(2): 131-134.

LUO Bin, ZHAO Xiong. Test study on improving high
liquid limit red clay with crushed stone[J].
Engineering, 2009, 34(2): 131-134.

Highway



