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Model test of frozen soil wall beneath seasonally frozen soil layer

XU Xue-yan, JI Zhi-qiang, ZHANG Chen-xi
(School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: Due to the existence of the seasonally frozen soil layer, there are significant differences in the horizontal displacement and
energy consumption of refrigeration between the conditions with and without it. The refrigeration consumption and deformation
performance of the frozen soil wall beneath seasonally frozen soil layer were studied; and the results show that the seasonal frozen
soil with temperature -12 “C can reduce the frozen wall’s horizontal displacement by 23.8% and reduce the refrigeration consumption
by 40.4%. It is very important to consider the effects of the frozen layer, also the reductions in energy consumption and horizontal
deformation of the artificial frozen wall should be considered in engineering.
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Fig.1 Sketch of the test table (unit: mm)
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Table 1 Characteristics of test table
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Fig.2 Temperature curves at center distance between two
adjacent vertical freezing pipes
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Fig.3 Thickness variation of artificial frozen wall beneath
seasonally frozen soil layer
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Fig.4 Horizontal displacements of the wall top at different
loading conditions
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Table 2 Refrigeration consumption

UL Y LRGSR NTWREE s 2R
FRE/C Wik /m’ Wik /m’ /m’
-3 0.56 4.12 2.00
-6 0.57 3.85 2.24
-12 0.78 3.26 2.73
TV 0 6.76 0
4 4 w

(1D ASCAATRIT T RES AR 1 R L REE 1)
RABANAE &, JFET TRIEGAE, AN LRSS
BEALRIGHE TR AR, EVEIER AR b X TRk
RSN, AR i 2 —Fh o 28 253K

() WIGEE R, TR Z R A ade s
U L REVREE TR, BRI VR LRSI, i 2] T
WD UREEIT ], B R LR VE T . R
TLPERRAG, VR RS R R, VR A B
JEJEI AR . ZET R LRI A, IOl R
H (R 2 SR SRR AR T B INA85¢ 15 Hs D0 A5 I PRI
BASTEN, R LR 12 TR, in#k
0.05 MPa i1 0.1 MPa FIT7=2E (1) S A% 5 400 b L2
T AN 8.79 mm A 4.17 mm, (5 ES TR K
IKERERE 1K) 52%A1 41% . 38 3k W 004 45 e v 1 1)
A KR, R LB L 2 KR AR,
AR TREAS . R T RS AR, N TRg5FE
RERN, I T FEASIL 40.4%, BAE TR RAR
ARE A URERERE AR M PTAT M . R, SR HAE%
AEWHRLAFEME T, R g A KRS,
5%, N T2, k> N TR 4592
(1) B o VRt P L 21 0 S AR

2 % 3 M

[1] &K%, BT, VR TR iR D). A
1 15 5 TR AR, 2004, 23(13): 2280—2285.



1708 b +

2 2010 4F

(2]

[4]

(6]

JIN' Yong-jun, YANG Wei-hao. Application of linear
frozen soil wall to support of foundation pit[J]. Chinese
Journal of Rock Mechanics and Engineering, 2004,
23(13): 2280—2285.

BRAUN B, SHUSTER J, BURNHAM E. Ground
freezing for support of open excavation[J]. Engineering
Geology, 1979, 13(1 —4): 429—453.

JESSBERGER HANS L. Theory and application of
ground freezing in civil engineering[J]. Cold Region
Science and Technology, 1980, 3(1): 3—27.

R A BB s & B I A & %, 1997,
18(14F1)): 218—222.

CHEN Xiang-sheng. A dynamic design method for deep
round frozen earth wall[J]. Rock and Soil Mechanics,
1997, 18(Supp.): 218—222.

RIE, FEDR, S, BIBREEDTH R R Y
MANRIGHFIE[T]. H EW K22 243)], 2007, 36(2): 137
—141.

DONG Zhao-xing, ZHOU Guo-qing, QI Yan-jun.
Experimental research on deformation features of frozen
wall around circular deep foundation pit[J]. Journal of
China University of Mining & Technology, 2007, 36(2):
137—141.

I TRETM g Z . WU TRET )M b
5 R Tk R, 2000.

IR, AT 0. WEEGOL Y R ) SR R T
ZER[T]. 1%, 2002, 23(5): 622—626.

BEE 1704 7T

[7]

(8]

[10]

HARDIN B O, DRNEVICH V P. Shear modulus and
damping in soil measurement and parameter effect[J].
Journal of the Soil Mechanics and Foundation
Engineering Division, 1972, 98(6): 603 —624.
RAMBERG W, OSGOOD W R. Description of stress
strain curves by three parameters[R]. Washington D C:
National Advisory Committee for Aeronautics, Technical
Note 902, 1943.

JERRE, B, HONRG, A HUBRA AR AR R REE
JE AR R B8 g GRS R AR 3 AT [T, A )2
5 TR, 2003, 22(9): 1566—1570

TANG Yi-qun, HUANG Yu, YE Wei-min, et al. Critical
dynamic stress ratio and dynamic strain analysis of soils
around the tunnel under subway train loading[J]. Chinese
Journal of Rock Mechanics and Engineering, 2003,
22(9): 1566—1570.

IR, WHE S, HFN. AR G IR BB ) - AR
FRPE BB RIS )], A TRESEIR, 1995, 17(2):
1—12.

[10]

(11]

(11]

[12]

[13]

[14]

[13]

DONG Zhao-xing, CUI Guang-xin. Comment on research
of mechanical characteristics of frozen soil walls in deep
foundation pit support[J]. Rock and Soil Mechanics,
2002, 23(5): 622—626.

SR, RN, . OB T S R AT
GERHUE T[], 5 1712, 2008, 29(1): 279—284.
PEI Ying-jie, ZHENG Gang, LIU Jian-qi. Model test and
numerical analysis of diaphragm wall with hinged joints
on both sides[J]. Rock and Seil Mechanics, 2008, 29(1):
279—284.

SANGER F J, SAYLES F H. Thermal and theological
computation for artificial frozen ground construction[J].
Engineering Geology, 1979(13): 311—337.

o, HMR, ERME AN LRSIk LR
ARTCAIHTI). A2 5 TR AR, 2003, 2204 1)
2871—2874.

MA Wei, CHANG Xiao-xiao, WANG Da-yan. Behavious
of strength and deformation of frozen soil wall in
artificially frozen shaft[J]. Chinese Journal of Rock
Mechanics and Engineering, 2003, 22(Supp.2): 2871 —
2874.

WA, R R O TR R R A R
WX, & 712, 2009, 30(4): 971—975

XU Xue-yan.
artificially frozen wall in seasonal frozen area[J]. Rock
and Soil Mechanics, 2009, 30(4): 971 —975.

JI Zhi-qiang, Thermal analysis of

XU Gan-cheng, XIE Ding-yi, ZHENG Ying-ren.
Elastoplastic modeling for cyclic stress strain behaviour
of saturated sands[J]. Chinese Journal of Geotechnical
Engineering, 1995, 17(2): 1 —12.

TATSUOKA F. Some recant developments in triaxial
systems for cohessionless soils{M]. Philadelphia: ASTM
Special Technical Publication, 1988.

e NRSERIE KRS, SL237—1999 4 T4 4
FR[S]. dbHT: A EIK R H A, 1999.

J g, IR R AR ES T AR PEFSED]. AUH:
WK, 1998.

sk 55, DR 1 A T RFAE S GR350 ) i W AT
FUD]. B EBABE U TR, 2008.
e, WOHTOC. FAIMACE R AR I S S ) A
IRAZETEAHRD]. PHRASI R F274], 1996, 31(1): 1—5.
CAI Ying, CAO Xin-wen. Study of the critical dynamic
stress and permanent strain of the subgrade-soil under the
repeated load[J]. Journal

University, 1996, 31(1): 1—35.

of Southwest Jiaotong



