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Fig. 2 The apparatus of freeze-thaw cycle test

1.2
.1 1

138 T R 24 h R
80 Y 2)
70 I ;

60

50 iy s N

40 \
30 . 4 s 1.2,3.4
i 53) ’

BBk A%

10
%000 100 10 1 0.1
Hif/um ’ ’

1 5d,

Fig. 1 Particle size analysis of the Tibetan silty clay 2d,
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Table 1 Experimental condition of the Tibetan silty clay for freeze-thaw cycle test

/€ /C /% /(g cem™?)
C1 1 —6 2.0 18.05 1.793
C2 2 —6 2.0 18.13 1.797
C3 3 —6 2.0 18. 38 1.792
C4 4 —6 2.0 18.07 1. 794

+1°C.
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Fig. 5 The moisture content vs. depth curves for 1(a), 2(b), 3(c¢) and 4(d) freeze-thaw cycles
S5(a) 1 3 s s
, 2.0 cm s R N
. L 0cm 40, 2% , ,
10. 4~13. 5 cm, 29. 1%, ;3
s s s s 10~
; 135 cm , 16 cm, , R
, 2.5% ,
~55%., . , , ,
2 , 5(b), « D, (
4, 0 cm , 2.0 cm 8),
28%; 10. 6 ~ 14. 4 cm, i 4 16 ~22 cm,
27. 2% 14. 4 cm , s , 3
, 3 3% ~4. 9%. 5 , ,
(o), , 3 , 2.5 cm 1, 2 3 R
, L. 0 cm 23.9%;
12. 0~15. 0 cm, 63. 49%; 15. 0 2.3
cm ’ s ’
3. 5%~5 1%. , ( . .
4 ( 5d), 2.0 )
cm , .0 cm s H
22. 44 % ; 7.0~145 cm, / ,
35 66%; 14. 5 cm . / ;
) 3. 4% ~3 8%. ;
6 , Cl, C2, C3, C4
) 4 )
1 , 4 cm , 9(a) , Cl 526 h
s s , s 18 25
, mm, 8 3%. 2
;2 4~10 cm , 1 9(b), 1



3 629
ST —— CHEANS K &
— C4FliREAcR
saf = C3fAE& KAt
— O33R g
£ st == CHRRLE Ak &
i3 = C2{lIRT K E
T al —= CUARLE &Kt
A o ClYIEA A
23 -
Lo R0 100 20 140 AT 200 220 240
R HE/em
6
Fig. 6 The moisture content curves of Tibetan silty clay before after freeze-thaw cycle test
9. 78 mm; 2
—3.94 mm, 4. 13 mm.
9 ( C) s 3
s 1 3. 36 mm,
—4,97 mm, 8 33 mm; 2
0. 35 mm, —4.79 mm,
5 14 mm; 3 0. 27 mm.
s 1
9(d> s 4
] 1 5. 47 mm.
7
—2.77 mm, 8 24 mm; 2
Fig. 7 The fissuring within the specimen of Tibetan
. 0. 44 mm, —2. 89 mm,
silty clay after freeze-thaw cycle test
3. 33 mm; 3 1. 13 mm,
—3. 05 mm, 4, 18 mm;
1. 18 mm. , 1
N 2. 3.
4
10, Cl, C2, C3, C4
b b
4
1 ,
b b
40%~60% ,
b
3
s 4
8
Fig.8 The lamellar ices within the specimen of Tibetan '
silty clay after freeze-thaw cycle test D ’
, 2. 71 mm, —7.07 mm, , 0°C

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



630

34

Fig.

(a) 1K URTBRIFSF
.0. L L 1 L 1 1 1 1 L L L 1
0 48 96 144 192 240 288 336 384 432 480 528 576
i
6.0
E 3.0
@ 0.0
d-;{

0 48 96 144 192
B [E)/h

9 1 (a),2

240 288 336 384 432 480

(b),3

{iif%/mm

i/ mm

(c),4

SOT (@ 4kl B R

(b) 205 R B

144 192 240 288

Hit fAl/h

! ! ! L ! ! !

4'50 48 96 144 192 240 288 336 384 432480 528 576 62

H 1]/
(d

Fig. 9 The displacement vs. time curves for 1(a), 2(b), 3(¢) and 4(d) freeze-thaw cycles

~CILRE
. C2
—C3{iLfE

CAfiLEE

48 96 144 192 240 288 336 384 432 480 528 576 624
HFE)/h
10

10 The displacement vs. time curves for different

freeze-thaw cycle process

(2) ,
4 , 1
) 0~4 Ccm; 2
’ 4~13 cm; 3
13~16 cm; 4 ,
16~22 cm.
3
. 8 3%.

[1]

(References) :

Yang Meixue, Yao Tandong, Hirose Nozomu, et al. Daily
freeze-thaw cycle of surface soil of Qinghai-Tibet Plateau[ ]].
Chinese Science Bulletin, 2006, 51(16); 1974—1976. [
, , Hirose Nozomu,
[J]. ., 2006, 51(16); 1974—1976. ]

(2]

[3]

[4]

[6]

L7]

[8]

9]

Henry H A L. Soil freeze thaw cycle experiments: Trends,
methodological weaknesses and suggested improvements|[ ] ].
Soil Biology & Biochemistry, 2007, 39. 977 986.
Liang Bo, Zhang Guisheng, Liu Deren. Experimental study
on thawing subsidence characters of permafrost under frost
heaving and thawing circulation [ J ]. Chinese Journal of
Geotechnical Engineering, 2006, 28(10): 1213—1217. [
. . 2006, 28(10); 1213—1217. ]
Su Qian, Tang Dijia, Liu Shen. Test on physico-mechanical
properties of Qinghai-Tibet slope clay under freezing-thawing
cycles[J]. Chinese Journal of Rock Mechanics and Engineer-
ing., 2008, 27(Suppl. 1): 2990 —2995. [ s s
[l
, 2008, 27(Suppl. 1) : 2990—2995. ]
Liu Jiankun, Wang Tianliang, Tian Yahu. Experimental
study of the dynamic properties of cement-and lime-modified
clay soils subjected to freeze thaw cycles[J]. Cold Regions
Science and Technology, 2010, 61: 29—33.
Feng Yong. He Jianxin, Liu Liang, et al. Experimental
study of the shear strength characteristics of fine-grained soil
under freezing and thawing cycles[ J]. Journal of Glaciology
and Geocryology, 2008, 30(6): 1013—1017. [ s
(AR . 2008, 30(6): 1013—1017. ]
Ghazavi K M, Roustaie M. The impudence of freeze-thaw cy-
cles on the unconfined compressive strength of fiber-rein-
forced clay[J]. Cold Regions Science and Technology, 2010,
61:. 125—131.
Wang Tianliang, Liu Jiankun, Tian Yahu. Dynamic proper-
ties of cement-and lime-improved soil subjected to freeze-thaw
cycles [ J].
2010, 32(11): 1733—1737. [ s .

(.

Chinese Journal of Geotechnical Engineering,

. 2010, 32(11): 1733—1737.]
Hazirbaba K, Gullu H. California bearing ratio improvement
and freeze-thaw performance of fine-grained soils treated with

geofiber and synthetic fluid[J]. Cold Regions Science and



631

Technology., 2010, 63. 50—60.

[10] Wang Weina, Zhi Xilan, Mao Xuesong, et al. Experimental
study of resilience modulus of subgrade soil under circles of
freezing and thawing[J]. Journal of Glaciology and Geocryol-
ogy. 2010, 32(5): 954 —959. [ , . .

. 0l
., 2010, 32(5): 954—959. ]

[11] Dong Xiaohong, Zhang Aijun, Lian Jiangbo, et al. Study of
shear deterioration of loess under repeated freezing-thawing
cycles[J]. Journal of Glaciology and Geocryology, 2010, 32
(4): 767—773. [ s s s .

il , 2010, 32(4):
767—1773. ]

[12] Xiaoliang Yao, Jilin Qi, Wei Ma. Influence of freeze-thaw on
the stored free energy in soils[J]. Cold Regions Science and
Technology, 2009, 56: 115—119.

[13] Liu Hanbing, Wang Jing, Wei Haibin, ez al. Correlation of
subgrade soils hear strength and palsticity index under freeze-
thaw cycles[]J]. Journal of Jilin University (Engineering and
Technology edition), 2011, 41(Suppl. 2): 149—152. [

(1. (
2). 149—152. ]

), 2011, 41(Suppl.

[14] Hazirbaba K, Zhang Y, Hulsey J L. Evaluation of tempera-
ture and freeze-thaw effects on excess pore pressure genera-
tion of fine-grained soils[ J]. Soil Dynamics and Earthquake
Engineering, 2011, 31. 372—384.

[15] Zhao Gang, Tao Xiaxin, Liu Bing. Experimental study on
water migration in undisturbed soil during freezing and tha-
wing process[ J]. Chinese Journal of Geotechnical Engineer—
ing 2009, 31(12): 1952—1957. [ , s .

L. s 2009,
31(12): 1952—1957. ]

[16] Mao Xuesong, Yang Jinfeng, Zhang Zhengbo, et al. Experi-
mental study of integrated temperature-moisture-load effect
on subgrade during freeze-thaw cycle[J]. Journal of Glaciolo-
gy and Geocryology, 2012, 32(5);: 427 —435. [ .

[ . 2012, 32(5); 427—435. ]
[17] Xu Jian, Niu Fujun, Niu Yonghong, et al. Experimental a-
nalysis of frost susceptibility for remolded clayey loess[]].
Journal of Civil, Architectural and Environmental Engineer-
ing, 2010, 32(1): 24—30. [ , , s .
L1l .
2010, 32(1): 24—30. ]

Experimental Study of the Tibetan Silty Clay under Freeze-Thaw Cycles

ZHANG Shi-min" *, LI Shuang-yang'
(1.State Key Laboratory of Frozen Soil Engineering , Cold and Arid Region Environmental and Engineering Research Institute ,
Chinese Academy of Sciences s Gansu Lanzhou 730000 , China ; 2 .Civil Engineering School

Lanzhou University of Technology . Gansu Lanzhou 730050 , China)

Abstract: The Tibetan silty clay along the Qinghat
Tibet Highway was taken as the study object. The
distribution of temperature and water content and
freeze-thaw displacement of the specimens after 1,
2, 3 and 4 freeze-thaw cycles were obtained and
analyzed. It is found that after freeze-thaw cycles ,
the temperature fields of the specimens will be
more stable and proportionate distribution, the 0
°C isotherm and subzero isotherm will be deeper.
The water content profile of the specimens can be
divided into four sections. The first section is the

surface layer one of high water content with ice

crystal accumulation. The second section is water
content equilibrium one with low temperature gra-
dient. The third section is high water content one
with ice lens and ice layers. The fourth section is
lower water content one at high temperature. For
the first freeze-thaw cycle, there are large frost
heaving displacement, even reaching dozens of mil-
limeters, and large relative freeze-thaw displace-
ment, even reaching & 3% . As the freeze-thaw cy-
cles increases, the frost heaving displacement and
the relative freeze-thaw displacement will gradually

drop off.

Key words: freeze-thaw process temperature distribution; water content profile; frost heaving displacement



