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Research on function model of lime-improved high liquid limit soil
strength characteristics
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Abstract: In view of the large number of high liquid limit soil abandonment problems along the roadbed of the Liyu
Expressway in Guangxi, quick lime was used to improve the high-liquid limit soil. the high-liquid limit soil samples with
different initial water content and different lime content from the spoil field were used to conduct lateral compression test and
fast shear test, and the basic elementary mathematical function model was used to fit different saturation states and different
initial water content. The effect of lower lime content on the compression characteristics and shear strength of the specimen is
tested. The results show that: (1) The compression coefficient of high liquid limit soil decreases exponentially with the increase
of lime content; (2) the cohesion and internal friction angle of the specimens in different saturated states change with the
increase of lime content in the form of quadratic function; (3) High liquid limit soil has water sensitivity. The moisture content
corresponding to the shear strength is 3% ~ 6% higher than the moisture content corresponding to the maximum dry density of
the compaction test; (4) When the initial moisture content is lower than 26.73%, it is recommended that the lime content is not
less than 6%, otherwise the lime content of the modified high liquid limit soil is not less than 8%, which can be achieved under
the premise of meeting economics and better improvement effect.

Keywords: high liquid limit soil; lime content; compression characteristics; shear strength; mathematical model

KB 2020-06-04; fEITHEA: 2020-07-30
HEWE: ERARPAIEE T EIH (11872287); Beri R 4 &40 T 11X H (2015TZC-G-8-9)
E—EE: HEM(1994-), 55, WIALEEH A, WL, FEMNFRERR 8 R A TAERIHF5Y, E-mail: hongk@xauat.edu.cn


https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.03-14
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.03-14

- 110 - Hh [ M KCE 5 B iR A 4R

%34

0 5

o VPR ) G b X A 3 2 v B 3 L Y —
Feik Lo B TR R R £ AR B KR | AL L RN 98 FR
T, B TR SR 55 o ) B A 5 AR J L P, R 1 R e ik 31
% R R ) s S B LA 28 A B v Y PR - 1 i
AR, AN B ARE O SRR, AL, SRR 1
KA PERE 220 2 Y K RIRAR I, [ FE AR S AT
KM TR RN 1 TR 5 A5 U

R T AR BT PG EOR B B ERIEORL, TR AR X
T RR = ) Py B 2 b T O R ok R R AT IS . AR
TR IR L B AR W) 2F 415 b4 R el AR ot
W 2H R B R 7 =, A R R ANASCRT A kA v v R
R il & I ey T RN E N A G2 (19 G N /o =V @
PENOTI PR R RACR A, AR B 2 THE (8, 51
T T RKEWNINEE T . BELLMWFG T =ik
T EE XA R B B s 2R AR R B, IR B R
MR R A KB E N 4.5% ~ 8%. KHEMISSA 451 5%
FKIBA 4% 09 a IR R %k, CBR L& 57
I B A ol RO e A, A5 80 S 3 . M kg £ T
PP EcAF . SHARMA SRS R WA KA 25 5
B - IR RS, Ab BRI 1) R R 5%, N
FEMBGIN . PAULA %5158 o 15 5750 A 55 A K B R DT

il

i8R s S S S ]

(D K49+780~K50+740

FFE LT 1T T e R 434, R WL AL SiL Ca, KT &R
SR I AARR A N . X FEEV R A K TG
o R T 4 e VA PR R A T R, LB 5% B K

D2 T NGB SN NP a/E 7 3 S on=i8(/1
PR - JCMIBR BT SR . PUBYam B | KRtk L B N 7 2%
2 m, 5 T A KR &R 3% 8 0 E -y
4% ~ 8%, H & T W 5% A1 JKAB i XoF v Y B 0 s 40 A
PUBY R ) SCRRAR X A/ o Al RREAED TV B T [ 245 B X
AR BB B A RZ R, 45 BT BT o S bR 1Y) eR R AR
=178 PR A USEA A BR YN HR 4 JE 4 455 1 I L B AR AR
i RUBER/INVEIFL B % e At B T R AR i . DRI AR
SCEFN TP S 1 7 T VR A v VB - 3 B
FE 2 P LB RMIN R i 45 00, &5 5400 S R A A
ST T AR AR o K 6T A A5 s 0 v Y R T B 5
AR AR FEE B 52 0, B SRR IR B KR T et K45
i, SR TR S AT RS .

1 ARAE

1.1 i PR A o

HRAE ) PU 7 e A B DU AR B TR b B i 22 41
VLA B it T BT ) B, B s L0 26 PR £ 40
A 1R, AnBEa K 14.545 km, ¥FER 6 H 21.57%,
T2 R R B A B 7 R A 2R 27.25%

5

%,
HATRL
K64+245

o EES

@ K52+790~K53+660 @ K55+640~K56+000 oy
3 K53+800~K54+700 (5 K58+640~K58+800 2\ g

B1 BELGESRRLISGEREE
Fig. 1 Distribution of high liquid limit soil along the subgrade
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Table 1 Parameters of high liquid limit soil of spoil

FEARAS  BURERIE/m KRR/ % W% BI%  dokitE

JEUIR £ 2.1~23 31.30 5330  28.50 2.76
JEUIR £ 6.5~6.7 36.30 5210 33.70 2.74
s+ 13~15 3343 51.93 2246 2.79
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Fig. 2 Fitting of the compression coefficient exponential model
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Table 2 Fitting results of exponential model between compression coefficient and lime content

B @12=A+BeO
WA K 20.84% 23.68% 26.73% 29.71% 33.75% 34.93%
A 0.04+0.00 0.050.00 0.05+0.00 0.05+0.00 0.08=0.00 0.07+0.00
B 0.10+£0.00 0.13+0.00 0.16+0.00 0.200.00 0.250.00 0.29:£0.00
c 2.26+0.07 2.59+0.11 2.67+0.20 2.88+0.14 2.46+0.07 3.24+0.05
R 0.999 8 0.999 6 0.998 9 0.999 6 0.999 8 1.000 0
Adj.R? 0.999 6 0.999 2 0.997 7 0.999 1 0.999 7 0.999 9
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Fig. 3 Model fitting of cohesion of the samples
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Table 3 Fitting results of power function model for cohesion of specimens in different states

BRI ¢ =co+Ay+By?
RS BITR K E 20.84% 23.68% 26.73% 29.71% 33.75% 34.93%
o 139.62+4.55 126.32+6.07 98.34+3.01 54.77+1.94 28.24+1.05 22.19+2.48
A 24.06+2.69 21.46+3.59 22.70+1.78 19.02+1.15 18.65+0.62 17.65+1.74
KA B ~1.19+£0.32 ~0.92+0.43 ~1.04+0.21 —0.89+0.14 ~0.87+0.07 —0.76£0.18
R 0.994 7 0.989 9 0.997 6 0.998 6 0.999 6 0.997 5
Adj.R? 0.989 4 0.979 8 0.9952 0.997 1 0.999 1 0.994 9
co 12.89+2.05 22.3042.76 15.94+1.47 10.58+1.32 4.14£1.17 3.08+0.71
A 11.56£1.21 15.2621.63 13.3620.87 8.20+0.78 5.57+0.69 4.57+0.42
M B —0.62+0.15 ~0.99+0.20 —0.77+0.10 —0.44+0.09 ~0.29+0.08 —0.2120.05
R 0.994 8 0.992 9 0.997 8 0.995 8 0.993 2 0.996 8
Adj.R? 0.989 6 0.985 7 0.995 6 0.991 6 0.986 3 0.993 6
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Fig. 4 Power index model fitting of internal friction angle of

unsaturated specimen
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Table 4 Fitting results of power function model for internal friction angle of unsaturated specimen

9 = go+Ax+ By

PRBU AL
WA E KR 20.84% 23.68% 26.73% 29.71% 33.75% 34.93%
%o 30.79+0.32 29.17+0.45 26.754+0.43 24.83+0.49 24.39+0.28 24.21£0.35
A 1.49+0.19 1.43£0.27 1.69+0.26 1.77+0.26 1.43£0.17 1.40£0.21
B —0.09+0.02 —0.060.03 —0.07+0.03 —0.07+0.03 —0.04+0.02 —0.0440.02
R 0.9913 0.987 2 0.9915 0.9910 0.996 6 0.994 3
Adj.R? 0.9827 0.974 5 0.983 0 0.982 1 0.993 2 0.988 7
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Fig. 5 Model fitting of friction angle
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Table 6 Fitting results of internal friction angle of saturated specimen

9 = po+Ax+ By

it
PR WA KR 20.84% 23.68% 26.73% 29.71% 33.75% 34.93%
Po 23.14+0.14 24.12+0.72 24.36+0.95 23.92+0.76 23.79+0.23 23.58+0.12
A 2.00+0.08 2.5140.43 2.7440.56 2.53+0.45 1.98+0.14 1.97+0.07
TR B —0.15+0.01 —0.2140.05 —0.23+0.07 -0.21£0.05 ~0.16+0.02 —0.16+0.01
R 0.998 4 0.970 2 0.9539 0.967 2 0.995 4 0.998 8
Adj.R? 0.996 8 0.940 4 0.907 8 0.934 5 0.990 8 0.997 5
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