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Research on Local Freezing Technology for
Metro Station Foundation Pit Retaining
Structure under the Existing Pipeline Impact
LI Wen

Abstract Objective; The proximity of existing pipelines of-
ten weakens the local support capacity of the retaining struc-
tures during construction, potentially leading to foundation pit
instability. To minimize the impact of existing pipelines on
foundation pit retaining structures during construction, it is nec-
essary to conduct an in-depth research on the application effect

of local reinforcement using freezing technology. Method.

Based on the ancillary structure project of Jinan Metro Line R1
Dayangzhuang Station, focusing on the construction problems
caused by the presence of high-voltage cable pipelines near the
foundation pit retaining structure, a combined retaining struc-
ture of "underground diaphragm wall + bored in-situ pile’ is
proposed, which adopts the freezing technology for local rein-
forcement. A simplified numerical simulation model of the
foundation pit is established, and the stability of the foundation
pit before and after freezing reinforcement is compared and an-
alyzed. Furthermore, reasonable values for the width and
thickness of the freezing layer are determined. Result & Con-
clusion: Before freezing reinforcement, the significant differ-
ence in stiffness between the underground diaphragm wall and
bored in-situ piles made it difficult to coordinate the deforma-
tion of the surrounding soil. The support area of bored in-situ
piles experiences significant internal extrusion, accompanied by
substantial land subsidence and severe groundwater seepage.
After freezing reinforcement, a frozen cut-off wall is formed,
significantly increasing the support stiffness of the bored in-situ
pile area and reducing the horizontal deformation and land sub-
sidence of the surrounding soil around. Extending the freezing
reinforcement range can effectively suppress deformation of the
support piles, land subsidence, and ground water seepage.
However, when the width and thickness of the freezing layer
exceed a certain range, the post-freezing effect becomes less
significant. A freezing reinforcement range of 1.5 m in thick-
ness and 9.0 m in width is found to be reasonable.

Key words metro station; foundation pit retaining structure;
existing pipeline impact; freezing method
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Fig.1 Diagram of foundation pit and pipeline location
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Fig. 2 Simplified numerical simulation model for Dayang-

zhuang Station auxiliary structure project
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Tab.1 Physical parameters of each soil layer in the

simulation model

B EE/ O BRI NEERESM/ R4ERTRY

= m (KN/m?) kPa (°) MPa
Zeit+ 3.0 19.0 9.0 9.0 9.0
i+ 2.0 17.0 8.0 15.0 10.0
#+ 2.0 18.0 23.0 17.0 25.0
MmEHL 4.0 18.9 17.7 10.0 15.0
Wt 3.0 19.5 12.0 16.8 16.0
aMr+ 5.0 19.8 0.0 32.0 25.0
Bt 41.0 21.0 0.0 40.0 50.0
wEE 18.0 20.0 50.0 20.0 150.0
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Fig.3 Diagram of cross-section position extracted from

simulation data
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tion to bottom extracted through simulation
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Fig.6 Stratum plastic zone at 2 sections before freezing

method construction
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Fig.7 Nephogram of groundwater seepage in foundation pit

before freezing method construction
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in-situ pile’ horizontal displacement before and after

freezing method construction
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Fig. 11  Horizontal displacement and maximum land subsid-

ence of bored in-situ pile B under different frozen
layer thicknesses when the frozen layer width is
9.0 m
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Fig. 13 Comparison of field-monitored and numerical simula-
ted land subsidence results after freezing method con-

struction

5 #Hig

1) “ MR ZELERE + AL 4G SC e
BT TEBE S M T SRR B S W 22 SR A
KGN IE A — 2, Bl FLIE T e S 90 Ak
Aok R S NSRRI SRV ERUTR S F i

2) Bl LI AL - RSV R I, S
PR BN T ¥ VR I I 2 RSB ¥4 T 35 5 0
G3K BT R M R S SR, AR AS A RLHM A B AL
RETENE 530 RS T TR

3) ST 0 [ ) A L REA A A ] L
FEASIE 4 T TR 5 3R KB U (B8 TR )2 1Y B
SRR — e R, K& H R RCR I A .
URIMIEEEE L5 m & 9.0 m SEHh & 0

S 3Lk

(1] 3k, BF. ATIRaSEEmged ey Sk el)]. #%
TR, 2012, 28(6) : 74.

ZHANG Ting, YANG Ping. The application and development of
artificial freezing method in the subway construction[ J]. Forest
Engineering, 2012, 28(6) ; 74.

[2] |5, MR, BREE. A T2 R%50: K HiElT]. At
TR, 2021, 43(12) : 2308.

LU Xianlong, CHEN Xiangsheng, CHEN Xi. Risk prevention and
control of artificial ground freezing (AGF) [ J]. Chinese Journal of
Geotechnical Engineering, 2021, 43(12) . 2308.

[3] #®F, &, WIS, 5. N LURGSEEAE S 5t ki bd 4=
iR ALT]. A+ Ji5E, 2003, 24 (15T 2) « 388.

YANG Ping, SHE Caigao, DONG Chaowen, et al. Application of
artificial freezing method in Zhang Fuyuan Station of Nanjing Sub-
way[ J]. Rock and Soil Mechanics, 2003, 24(S2) ; 388.

(4] XURE, BER, MSOR, & KOP IR R AL IO Akl 5 4 1R
RAEHMER T g R LT] . ST HUE ZSm Y, 2022,
25(1) . 75.

(T#E 171 1T)



E@i&@iﬁ@%iﬁ , Iﬁ]ﬁj‘ﬁ_j}%?jﬁ lﬂ?ﬁ@iﬂﬁ%ﬁﬂgﬂﬁ of underwater tunnels in China[ J]. Tunnel Construction, 2021,
B 6, R 4% 4 T B 3 R 85 2048

Vv \ \ by e, (2] FRRBIA. D05 FERE G G F o S R B St [ ] B
G RSO I AR RS 4 H 0 o 00 e R

JEEIX ] B 8 B G BB AR AT T A, 15 3]

DU Chuangdong. Shield docking technologies for Shiziyang Tunnel

%VE?HT [J]. Tunnel Construction, 2014, 34(8): 771.

1) B[t T LGS K K VG RE G (3] 9RALER. | VRWS % a L T v Btk H TR 2 A i 3
2 A 2 AR AT NS DL DR M 7 5 5 M R 2% P BORLL. BRIRALEL, 2017, 37CHT2) 5 199,
%#ﬁ{ﬁTﬁPg‘ E"Jiﬁmﬁ}: Il ’ %Hﬁéﬂ%ﬁﬁ Tﬁ%% DI ZHANG Jianru. Comprehensive slurry management technology for

slurry shield used in Shiziyang Tunnel on Guangzhou-Shenzhen-

1§}$O Hong Kong Passenger-dedicated Line[J]. Tunnel Construction,
2) WIRBEE S 12t T BN 5t % % B )2 % 2017, 37(S2) : 189.
IRPERI R, Z5 fF ARV IR SR A IR (4] Wk i ITCREIE A SO S e n e[ 1] ke
HEHERCD KRR, S IR R 5 R SFHHL, 2016, 32010): 0
3 ) g{‘[’,/(j( X I‘Eﬂ @Fﬁé %iﬁ%‘/ﬁ‘ﬁ@iﬂi& Ij;J '&ﬁ CHEN Yongsheng. On the methods of fire accident emergency res-

cue in Shanghai Yangtze River Tunnel[ J]. Journal of the Armed

EJXLE%‘#HTJL ’ ﬂ%lﬁﬁ%ﬁ W&E{%Jﬂﬁ[‘ﬁ ’ *I“EH Police Academy, 2016, 32(10) : 30.
FRIIE R, RIS BRI o BN HERBETT (51 pmsh. o obertuiokgom TR A ab B AR OREFIL ). B

W AL, 2011, 31(1) ; 130.

4) _&jt[XI‘ETJ @Fﬁ%iﬁéﬁﬁ’gﬂ(&?ﬁ I;jj‘/%éjiﬂ(] \J*EI}Q CHEN Qiwei. Application of slurry treatment technology in con-
7Kﬁ$ﬂ@ﬂ§%ﬁﬁﬂﬂﬁjﬁﬁ ﬁﬁf{ﬁ%fﬂﬁf_ﬁﬂ , ﬁcﬁﬁﬂ( ‘zﬂj‘%ﬂi ;tructl;ﬁr;nf lntak.e tun;:lllof;]‘a(ljh)an lr;:)clear power station [ J].

= % N : o _eepin e unnel Construction, . : .

PR ENR LOLS M, MR e — 2! Ei"ﬂf BN 161 i, b, AR, . BB T o b
48 h) PN ICEHE A Rl e iE E TR FORRLHT]. BRBEERA , 2021, 58(2) : 208.

j&ﬁzﬂé , ?‘2 [iil E % iﬁ}%ﬁﬁ%ﬁ‘ﬁ% 5 E’%‘@ & DU Baoyi, SONG Chaoye, HE Weiguo, et al. On transfer technol-
%iﬁ «L{Eﬁﬂé@ﬁo ﬁ‘jj&“ﬂ}ﬁﬁi“ r"@}}ﬁe Bﬁ{jﬁ E/‘Ji% ogy of D & B construction method and shield construction method
ﬁml«ﬁ\l—:jl%ﬁ*&% , @ﬁ(@[%fi ﬁﬂ( ’ﬁzﬂk%# N zﬁ, at the lllnterfacehof ? subsea tunnel and its application[ J|]. Modern

. . " . Tunnelling Technology, 2021, 58(2) ; 208.

~N7; 7?’ [) H, E‘ ‘% ‘é‘ ) L ??S N
%ﬁfﬁfﬁ I DB FOK PRIV EAT ) s i s ienens ek 2 seimresm s b 1]
FBE B S P 5 2 R R AR %ok HEk L 2016, 52(10) ; 127.

. HU Zherui. Overpressure simulation and protection of water supply

PN ‘ p P pply
Z %Imﬁ and drainage system in super-long submarine tunnel of subway
(1] BRddtsr, mweste, SR, 4. hEDK TREERIR ST T]. BEiE [J]. Water & Wastewater Engineering, 2016, 52(10) : 127.

HE () 2021 ,42(3) 1483 (Hich H 91:2022 - 02 - 14)

CHEN Jianqin, FENG Xiaoyan, WEI Huai, et al. Data statistics

D 0 0 D 0 0 D 0

(FREE 158 1) [5] YANG P, KE J, WANG J G, et al. Numerical simulation of
LIU Xiang, ZHAO Yushan, XIE Wenjie, et al. Application of frost heave with coupled water freezing, temperature and stress
horizontal freezing technique in shield departure and reception fields in tunnel excavation [ J]. Computers and Geotechnics,
portal reinforcement of Wuxi Metro station [ J]. Urban Mass 2006, 33 (6-7) : 330.

Transit, 2022, 25(1) : 75. (Wsek H 59.2022 — 10 -31)

0 D

s w7 A M ME A
AR 553425 021—56830728 %% 821

2 2 XD

- 171 -





