A% AW "= L T #M o #k Vol.41 No.4
2019 4F 4 H Chinese Journal of Geotechnical Engineering Apr. 2019

DOI: 10.11779/CJGE201904025

HRERSE A A = A S R R T 5

PR ERHT FORDLRSN, xS ARE’

(1. VER R TRER AR, K 4007155 2. PG RFBTIRMEE2ERE, #EK 400715)

& . WEARFETEE. VIaE /KA, BT TSRk LA A oot S PR IK AT = K 5w T . 4
BRE, RIS HVEE (P 1.2, 135, 1.5, 1.65gem’s ¥IIAEKE: 15%, 18%, 21%, 24%; iR/E: 20°C,
35°C, 45°C, 55°C, 65C) W, BT MM MR T 28N, T%EST 1.2 gom’ i, R
1 TR e PR R OGN 2, T2 BRI R AR P i Ik, HLBT A SR P i A1 ZE 3000 min A
EENFIE Q0CHEAL) WIS /KFEAMAFR, R r K b % 2RBOCRIEN: MARENTZET, BEEY
AE KGN, =K ) B R A MRCNRUE,  H =K D S S KO R MR R R b T2 v &
it 0.8%PVA (R ZIREE) +5%KCl GRALET 1R A RS, RN 0.6% 3 PNIG£F 4k J5 1t 14 I M iRk 717 % 33.3%,
0.8%PVA+4%CaO CEALES) MRG IR AR B M IR 70 N R 16.7%. RSPEMZIT 0.8%PVA+4%CaO [MiRA
VR SO ()RR e K T B RS (R T TR, 3T 0.8%PVA+5%KCl RS VAR, FFIRIN 0.6% 58 P 7 417 4
J B R B T v R T B AR 0 S, R KT 45°C JE B .

X8R WAk WAKD): TEE: R, AV

FESES: TU443 XEAFRINED: A XEHRS: 1000 - 4548(2019)04 - 0789 - 08

fEHRN: XEARA995 - ), B, WiLwsE, EENFK L EE L TREMXEF . E-mail: 1573068861 @qq.com.

Experimental study on three-dimensional swelling pressure of highly
expansive clay in Handan district of China

1 ...l . 1,2 1 .1 . 2
LIU Hong-fu’, WANG Shi-ji , LI Xian"“, LIANG Guang-chuan', SHEN Tai-yu', HE Bing-hui
(1. College of Engineering and Technology, Southwest University, Chongqing 400715, China; 2. College of Resource and Environment,

Southwest University, Chongging 400715, China)

Abstract: The three-dimensional swelling pressure tests on highly expensive soil are carried out under different dry densities,
initial moisture contents and temperatures using composite modification methods. The results show that the ratio of vertical
swelling pressure to horizontal swelling pressure increases with the increase of dry density in the range of test conditions (dry
densities of 1.2, 1.35, 1.5 and 1.65 g/cm3, initial moisture contents of 15%, 18%, 21% and 24%, temperatures of 20°C, 35°C, 45
°C, 55°C and 65°C). The ratio is close to one when the dry density is 1.2 g/cm®. Moreover, the dry density is the key factor that
determines the swelling pressure equilibrium time. The larger the dry density, the longer the equilibrium time. However, the
swelling pressure equilibrium time of all samples is within 3000 minutes. The vertical swelling pressure of the expansive soil
increases exponentially with the enlargement of the dry density at room temperature of 20°C  when the initial moisture contents
are the same. Under the same temperatures and dry densities, the three-dimensional swelling pressures decrease linearly with
the increase of the initial moisture content. Moreover, the slope of the relation curve increases linearly with the dry density. The
vertical swelling pressure of the soil decreases by 33.3%, which is treated by 0.8% polyvinyl alcohol (PVA) with 5% potassium
chloride (KCl) mixture solution and 0.6% polypropylene fiber, and that of the soil reduces by 16.7%, which is treated by 0.8%
PVA with 4% lime (CaO) mixture solution. The vertical swelling pressure of the unmodified soil and the modified sample
treated by 0.8% PVA with 4% CaO mixture solution decreases with the rise of the temperature. However, the vertical swelling
pressure of the soil samples increases with the rise of temperature, and gradually decreases when the temperature exceeds 45°C

after modification by 0.8% PVA with 5% KCI mixed solution —F————
and 0.6% polypropylene fiber. HEWB: EXREARBIFESTH (11572262); @Al 545 2%
L% 4T H (XDIK2018AB003)
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Fig. 1 Test instrument
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Table 1 Physical properties of Handan expansive soil

FOK BURAETE R WIR MR HHEEK
T wY% & G, wi/% wp/% Fr I T 5ed Yo
13.4 2.75 81.9 47.3 34.5 130

1.3 RWAHR

HIFE, Sl BT, N THEER G 2 mm
i, AR JE R IR S B AR T, TC B RS I A
FKE, BRI E U R A RCE EIE 24 h,
THHRESS IR . IR B 4 VIS KZE K 4 H
T BEI 2R, MR Hh 42 iR BE 43 7 A 20°C
35C. 45°C. 55C. 65C. WRIIHAT T 16 N =1A1JZ
Ak R 5, WE P AT, WIS R T
BIRK ke IR hlin B, Mg K Sk, R
06 B 45 AR AL TR ME, G R R 2.

I, e m KKK, R NS,
LR IIGE, WaINTRL I AEEEE R 0.01 kN, ik
FE S AT AR KA IR R e, EFIET, W5
—HEZEK, R =R AR EREA 0, it
HHLESR B, MK 7115084k 3 h /T 0.01 kN



% 4 3]

GRS HRESREZIK £ = 1 K o Rtk g i 5T 791

Rk D 7E LR B R B R e, BRI (R A 0 B S R
NARFERAR PR BZIK A7, AR5 BRI R, MR i
InE| 35°C, WK iRsE IR ES] 45°CL 55°C.
65°C.
1.4 TR SE

A R A 2 8 A iR i A L 2R e
HIF 52975156 1) 0.8%PVA+5%K Cl FRTR A VA 3-8 1N 0.6%
RIGLT4ER 0.8%PVA+4%Ca0 VR &P, il
FEGn 1.3 GRIS T E) el Rk 2 mm LHHET, ok
PEVR G VAR )4V L2 2 SCR[11], BT I
EVREEAEIE 5 g: 6 mL ELBIIRIE 24 h, et
FELIE . #E 70°C R, BRI E S 2 mm ¥,
0.8%PVA+5%KCl VR &V s 1 fa 1 R B 4% R 0.6%
I ECAAS ISR PR A 4, K o5 I I R R )
A8 KT 18%, THIE 1.5 glem’ BEATHIRE. D15 1
WA 1.3 AT =K IR 50 . PRR et 2% A 13k
FEHRHI 4% 3 4, WIS B BUI M L 2 Hiv717. "18,

=2 ARAHREHR

Table 2 Test schemes and results

% ow Py AN [l B 16 2% 1 S R TV K /0 /kPa
5 /% jgem?) 20C 35C 45C  55C 65C

R 1.20 25.00 25.00 25.00 1875 12.50
215 1.35 75.00 75.00 75.00 62.50 50.00
315 1.50  256.25 218.75 206.25 193.75 175.00
415 1.65 456.25 450.00 443.75 425.00 418.75
518 1.20 25.00 25.00 25.00 1875 12.50
"6 18 1.35 75.00 75.00 6875 68.75 62.50
"7 18 1.50 187.50 187.50 187.50 181.25 175.00
"8 18 1.65 406.25 400.00 393.75 387.50 375.00
"9 21 1.20 18.75 1875 1875 12.50 6.25
10 21 1.35 68.75 68.75 56.25 43.75  37.50
121 1.50 156.20 156.25 156.25 143.75 137.50
2 21 1.65 362.50 331.25 312.50 287.50 256.25
13 24 1.20 18.75 1875 1875 1875 12.50
14 24 1.35 62.50 62.50 62.50 50.00 43.75

15 24 1.50 150.00 150.00 150.00 143.75 131.25
16 24 1.65 356.25 356.25 356.25 343.75 337.50
17 18 1.50 125.00 146.88 153.13 146.88 140.63
“18 18 1.50 153.12 143.75 137.50 131.25 125.00
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Fig. 2 Typical evolution of 3D swelling pressure
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Table 3 Parameters of vertical to horizontal swelling pressures

ratio and formula for dry density

W% A B/1077 o’ R’
15 1.039 1.681 1.182 0.987
18 1.057 1.045 1.154 0.999
21 1.036 1.102 1.145 0.993
24 1.030 2.181 1.187 0.998
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Fig. 4 Curves of vertical swelling pressure and time
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Fig. 5 Relationship between initial water content and 3D swelling

pressure
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Fig. 7 Relation curves of vertical swelling pressure and dry density
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Fig. 8 Curves of vertical swelling pressure and temperature
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