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SIMULATION ANALYSIS AND EXPERIMENTAL TEST ON FROST
DEFORMATION OF FREEZING WATERPROOF CURTAIN IN DEEP
FOUNDATION PIT
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(1. Department of Civil Engineering, Tsinghua University, Beijing 100084, China; 2.Department of Civil Engineering,
Fujian University of Technology, Fuzhou, Fujian 350007, China)

Abstract: From the process of frost heaving behaviors of deep foundation pit, the studies including nonlinear finite
element simulation analysis, model experiment and in-situ test while considering the balance of initial ground
stress and its thermo-mechanical coupling analysis are given. The frozen mechanics and deformation of waterproof
curtain including frozen heaving features and its relationships with freezing soil properties and constraint
conditions are presented. Also, "the unloading mechanism and deformation-reducing effects of stress relief slot in
deep foundation pit of soft soil are proposed. Research achievements from calculation analysis of practical projects
may provide theoretical basis for reasonable design and safe construction of similar projects in the future dense
popularization regions.
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Fig.4 Field of frozen displacement after coupling analysis
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HKER Um
0.00 002 004 006 008 0.10

— LR R AL
—& TRELH S
—A— GG AN 0.5 m

B6 Wik RE N ES

Fig.6 Frozen displacements along vertical section

T, GERMEAFETIEEE D LT T EMNEKER
WA R, {82 = & YRR R EES 28 ma s
& 9).

M 6 FTLAE H, BB EABHRE, #E



B F2H

HEE. FHENGS KRBT 58 )i

©2557 «

0.07
0.06 TR IED L
0.05 .
0.04}
0.03}
0.02F
0.01

HKERE Um

0 10 20 30 40 50 60 70 80
X'm
B7 SERERERUGKEERR
Fig.7 Displacements along both sides of frozen curtain

0.00

17510
17 500
17 490
17 480
17470
17460
17 450
17 440

BBk R 7 S/Pa

]

0 10 20 30 40 50 60

8 REWRREE R NEMN R R
Fig.8 Frost stress along both sides of frozen curtain

T
PR gt
g0
S at
ES
% 2t AP
1\-
0 -

2 3 4 5 6
R K

B9 %EERHSRESKMAXNE
Fig.9 Relation between frozen deformation and temperature

—

FHEET, REGEHENRLIELEERAR, B
B LB T SR ER A, BREEAN LR
BHERRAHBEGEFREA, LHEBERH
THKX, BAMUBKERRSERRER, HESE
B L REREWEE, BERERK, +
BEREAMMER(E 9 PRESKEEMAER
21 T~-7 CHIZth). B EHBIELEFEZE
FBRAREEH TH, FENRRKZRATLE

W F-13~-15 m, SHitERBNEKEVESH
BMREREE—H,
3.4 EEkAStETR

A S 5+ RRAR R EXRED,
THEGHEB K, WEKDER. HKEREAD,
RZMUMR. HIKES T HREKRBRGRERER
BXREE, BEFKAREMGEERERZRM, %
MG i K. B, ReR s HlR LR
B, #RE I RGERERENEHEEA, &/
EGGRFERTIENES.

WRATEMREE M, BERE, HKER
W, GREkG EF, ENVRGSEEM LSRRI K,
HRRTHEAS, HHIEK. BGERP TES,
ERIMSTHFAIRERT, TR IBAKIEE,
SIREKABEMSM, SEPSEHAR. ELHF
THENASREHEEE) T RREK S, £
REFMEEER, ANEREHNEFEHERALL
BE5#sEmt 19,

4 HREEREZRRESHFNK

4.1 ARTEHMBRR S 27

BRRRREREE SRS A, IR
Bi—RXEHT, ERJLAHEMLL C = 2027, R
sH2 2 500 mmx1 709 mmx1 430 mm(¥x % x &)
(LA 10). R LERIHARE 3 KL
£ 1). RRLREEVHE NS PE&E, mBX
RMETRT: ®AREQEAEI. KR, &
&E. BEES: WAAREEERE. M. MR
ﬁ&%%ﬂl”lﬂn

AL
mﬁ%ﬁtwm%% P
i
+ CRBRIIN T e
e |1BSE ]S
nxmr | e ||| PS5 1 )8
.gﬁﬁﬁg“_ﬁﬂz&ﬁ. k
TRHE IRl il X
RA(HE r & 17474
RESiIH) Fiy
7 77 7'.u"z4 r77
2500
- 1wt o

A0 FRKRRENE
Fig.10 Model of frozen test



* 2558«

ERN¥FSTRER

2009 &

KR AEEEGSEA TR, FREEENK
Rk BRI, RUREREAML, £ 0 C~
-4 CZIAMMBERERK, MEBR. BHTEFE
SRR ERFEKRY(LERTME)N 58 mm,

HARNHEME 11 Fiw.
70
ol
g sof
B 40T
g sof
B j0f
10}
5 S
2 1 0 —1 ~2 —3 —4 —5 —6 —7 —8
BT

1l FEWRBRBEHEREEER LR
Fig.11 Frozen deformations change with temperature

ENF GRS, REMFTFHEE-7TC, &
EEREH) AT BE LA 12, BE 129K, B
EFEERREM, BRAKFELBEERIEX,
KB RUBREAF EXERED, BREHR
46.216 mm.,

50r1

;% 30}
g | —— R
¥ - B R
—— B
10 —— BIER
of . . .
0 1000 2 000 3000 4000
B ] /min

12 XEROKFEB
Fig.12 Horizontal displacements of supporting beams

4.2 FEIERMIIHMR R R I

HEEF TRISIRBEN . NE., BE.
HARADRGHR RSN RN . 8% NESE
RIEGABE RN B LBSHTRERN, LRER
LSRRI -7 C~-13 C, BEETZIEAT, HHt
BERER, HASRHAREBRRAR, BAKER
) L 2 IR B BRI R OB SRS, SAERIAMTR
-5,

HERPAHRBEERBTHERKS. KLE

JIRGA HEER . LR R R
ALE 13 KRBT EKERDREUES. BB 13
W, EVIRFIZMGHS LR O EHRKEE, R
LR O 73.49 mm, SRTABRLS B AR
RRLEREFMF, BHEKEHEPRELEN, &
PHI. BRERE-HERR. HEREREREE
ERTF s, HEEEEGRE T EREARNE,
S5EEMTRBEERR 8, FiZgET BN
BRKFPABAMETFERERN NS T8, H
ZE+LEFEERUREREFTRE, BRABR
BEF)-13 m &4, THSMRE TR KK R
BEABHFERT T 5.0 m EAERELHE 90 mm
kA, BRMBAKPABES /N THINRE LG
BARKFABE(LE 13).

KA B/mm
—100 —90 —80 —70 —60 —50 —40—30 —20—10 O
r T T T T T

Hg/m

—BR%EY - RRER
~TREER =~ LB

13 LEKEEBHENHRE

Fig.13 Horizontal displacements of soil with time curves

Bish L BRI S A0 AR BT AR E R FLAE
T, REAETUES, BERMIEKNBRG
ZWRBERRLS AN ARPE, Mo REANEL
REAE(LE 14). LEEHRNEFZEH, dTHRAL
IR, PURTEIZS EHNERAZLSE /D
WEERER, ERE T ERRETTE, TR TN,
BUSWIR, SN E TRECLE 15).

HEEP S ERMUE SRR E DSk
5%, BXERGKN, WEHEEK, ABWBRELE
MR LR, HIKIBERSRREEREENTE



REE, BEVGEIEKREFREBERN T SRR MR

©2550 «

F% FNRH
50!’
of §--
—~50
—-100
E—lso-
g"'ZOO
—250
5 300t
"350[
400 -+ -W23 v
e
s a 2 8 8 =2 o 38 =
Ss 822228563
=4
$E8EE:2E:8:2¢:¢8+%
wE/EH B
B 14 Bt bR S RITUR AU R e Bk
Fig.14 Curves of ground surface settlement vs. time on the
side of pit
——ml
40 -m
0} \ -
20r g A \ ——m6
E 10
E 0 ! 1 ¥
B _ X o i >
NEER: s
— (=3 (=3
g R & &
30 WE~ER H

B 15 JRBISRRIURE BR h E

Fig.15 Curves of column settlement vs. time in foundation pit

th, HEFWHAEIL 1.0 MPa, SHEiRIELHERE
AT AR E ALK 2).

2 WHEAFSRRIRSRHEE

Table2 Comparison of data of analysis, simulation and
monitoring
HBRIER B M, /KN *m) 8 O /N AL s, /mm
HES  —22927.4~9693.0 —8819.3~103149 84.78
AR - 84300 58.00
BIFL, - 10 940.0 92.20
5 & i

B HERR AR RAR R, MER
HE LK R R R TARE . SEMTHRER T
BRTRINZERESAFEZEN, BLHR
BEUTEESR:

() BEATRATLRE LKERRFRIFIE
AKPERE, BRXKIEIKER 55K 2 kB4

HWEE, BGERETEMR. AREMH. RERE.
GHERERGIRERSXREE, TRPNHEAD
HEEXY, BRIERERS.

() BRGNSt EN =4 ELHH
R, REBREAEHE NER TR LB
HREURATHEG S RIHELEEROGIK N5
P, AER R BRI RO AR A T IR K SR
ik, HFEELENEAIANRARMNRSRE
o

) HREHSF LN ERRRKIARENF
KREY], BEHFEHEmM, HIKES, HKZEVHE
A, FEIR PR EHGEERENRE, BRIER
£, LFEMAPREHEMEILRE RFEHEM,
ARECBEFEHEAUFRRERE. Bk
BIRERRXERERTIA. EAGHERITNZE
BIAEERX.

() BHEJUGS 1K R AE B K R &1
T, ROFHRRIFEKERF SHT SHENS
R, BESK. FEWTE, HMige, KRR
B TEMAMEH, RA HANAHETR.

% 3L (References):

[ #E#H 5 H AFEALTEAA#R—ELEELTRER
SR LGARY]. K%L, 2003, 253): 303 - 308.(CHENG
Guodong, MA Wei. A research review of international permafrost
enginecring—the Sth Intemational Symposium on Permafrost Engineering[J].
Journal of Glaciology and Geocryology, 2003, 25(3): 303 - 308.(in
Chinese))

2] EXKE, #E L FEAZPOHEENERERARRD). #1
J1%, 2002, 23(5): 622 - 626 (DONG Zhaoxing, CUI Guangxin,

C on 1 h of hanical characteristics of frozen soil

walls in deep foundation pit support[J]. Rock and Soil Mechanics,
2002, 23(5): 622 - 626.(in Chinesc))
(3] HB% AREURFLSBEFERIBBESTSHACY R
BENEETBEARKNEWXE. Bk PEBIHIEH, 2008
104 ~ 109.(HUANG Jianhua, Numerical analysis and application on
horage supported by frozen soil

of the 10th Academic Congress in Rock

ing of

deep foundation pit engi
hnology[C}/ Symposi

Mechanics and Engineering. Weihai: China Electric Power Press,
2008: 104 - 109.(in Chinese))
[4] HERE FEHGRERPARERTAN L EM4RT)D). L

FIgF A%, 2004.(HUANG Jianhua. Study of performance of exterior-



© 2560 «

BRNFETRER

2009 4

[5]

[6]

(8]

9]

[10)

protected construction with frozen p in decp foundation pit

engineering{Ph. D. Thesis){D). Shanghai: Tongji University, 2004.(in
Chinese))

B, HRE HRR SERARGHERPEHERERI
FIREAD]. #HHER, 2003, 34(11): 808 - 811.(XU Wei, HUANG
Jianhua, ZHONG Jianchi. Deformation and application of exterior-
protected construction system with deep foundation pit frozen row of
pile{J]. Architecture Technology, 2003, 34(11): 808 - 811.(in Chinese))
Biit, BaW, BE%, ¥ REPLHES - MEXRRIEL
HRURRREERIT). BA N2 ETHREM, 2007, 26(8): 1 612~
1617.(LAI Yuanming, CHENG Hongbin, GAO Zhihua, et al. Stress-
and nonli

strain relati Mohr

p gth criterion of frozen
sand clay[J]. Chinese Journal of Rock Mechanics and Engineering,
2007, 26(8): 1612 - 1 617.(in Chinese))

O W, RRE B B RRE LRS- MRS AR
HEH%, 2000, 21(3): 198 - 221.(MA Wei, WU Ziwang, CHANG
Xiaoxiao. Effects of consolidation process on stress-strain characters
of tjacles[J]. Rock and Soil Mechanics, 2000, 21(3): 198 - 221.(in
Chinese))

BEHR, ¥ & HIEEPFERFZOFRTREEDN. &
+H%, 2002, 23(2): 132 - 149YANG Gengshe, ZHANG Jing.
Finite element numerical imitation of deep foundation pit excavation
supported by frozen soil wall[J]. Rock and Soil Mechanics, 2002,
23(2): 132 - 149.(in Chinese))

ke, B B FESEEFSEREHORERLY). ALTH
248, 2006, 28(# 1): 1510 - 1 514.(ZHANG Shuguang, SUN Li.
ing piles in deep
pits{J]. Chinese Journal of Geotechnical Engineering, 2006, 28(Supp.1):

Numerical simulation on field of fir

1510 - 1 514.(in Chinese))
KEB, RER, WXE. FEFHREF RGN0 2808 B1E
BRI BEH%5 TREHR, 2003, 22(14): 2006 - 2010(YAO

[

[12]

(13]

[14]

[15)

[16]

Zhishu, DAI Zebing, SUN Wenruo. Numerical simulation on time-
space effects of plane frozen soil wall retaining deep-foundation pit[J).
Chinese Journal of Rock Mechanics and Engineering, 2003, 22(14):
2006 - 2 010.(in Chinese))

FXE, ABRK, FRE. ABKENL PR LREZTRAEART
K. PEFAAEFER, 2007, 36(2): 137 - 141.(DONG Zhaoxing,
ZHOU Guoqing, QI Yanjun. Experimental research on deformation
features of frozen wall around circular deep foundation pit{J]. Journal
of China University of Mining and Technology, 2007, 36(2): 137 -
141, (in Chinese))

EAA, MR, KA, 5 G PRE et RELAR TR
HETREM, 1996, 18(5): 52 - S7.(WANG Renhe, YU Chuhou,
XIONG Shengyu, et al. Experimental studies of stability of frozen soil
retaining walls{J]. Chinese Journal of Geotechnical Engineering,
1996, 18(5): 52 - 57.(in Chinese))

IXW, TBYF, H4%3X, % ALKHELERPEES KRR
R PEF LA SR, 2004, 33(4): 538 - 543.(WANG Wenshun,
WANG Jianping, JING Xuwen, et al. Experimental study of temperature
field in course of artificial freezing[J). Journal of China University of
Mining and Technology, 2004, 33(4): 538 - 543.(in Chinese))
YUANBY, LIUX G, ZHUXF, etal. Pile horizontal displacement

monitor information calibration and prediction for ground freezing and

pile-support foundation pit{C)// G hnical Engineering for Disaster
Mitigation and Rehabilitation. [S. 1.]: [s.n.], 2008: 968 - 974.

LU JH,ZHAO Y R, YUAN B R. Monitoring and feedback for ground
freezing and pile-support deep foundation pi{C}/ G | Engincering
for Disaster Mitigation and Rehabilitation. [S. L}: [s. n.], 2008: 702 - 708.

JIL, RUAN J, ZHU W B. Application of freezing and row of piles

method in great deep foundation pit[C})/ Pr dings of the China

Association for Science and Technology. [S. L]: [s.n.), 2004: 314 -

319.



