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Abstract: The ongoing urban subway construction has led to an increase in foundation pits near existing underground structures.
However, there remains a lack of systematic research on the soil instability modes in adjacent foundation pit engineering. This study
employs numerical analysis to investigate the instability modes of asymmetric / symmetric limited soil in the adjacent foundation pit
project near an existing subway station. It proposes applicable conditions under various instability modes and analyzes the impact of
internal support quantity, foundation pit depth, and spatial relationship between the foundation pit and the existing subway station on
soil stability and slip surface properties. The research shows that: 1) Adjacent foundation pit engineering exhibits three to six cases of
symmetric or asymmetric limited soil instability modes. 2) As the number of internal supports increases, the slip body’s range
expands, the starting position shifts downward in the retaining structure and the safety factor of limited soil stability gradually rises. 3)
The increase of depth in the foundation pit influences with the sliding body range, initially increasing and then decreasing, leading to
a gradual decrease in the safety factor of finite soil stability. 4) Analysis of the asymmetric slip surface in adjacent foundation pit
projects indicates that as the overburden soil thickness of the existing subway station increases, the approaching range of the slip
surface near the station decreases gradually, and the starting position shifts outward. This research provides a theoretical foundation
for calculating limited soil earth pressure, designing foundation pit retaining structures, and selecting safety control measures for
existing subway stations.
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Fig.14 Asymmetric slip surface schematic diagrams of adjacent foundation pit engineering
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Fig.16 Schematic diagrams of soil instability modes of asymmetric slip surface near foundation pit engineering

H P 17 #7LL by/H N x B, WA NIER, hy/H
Ny Bl A EONIERIFARRR R, KB 17 H & X
RTINS TS, 133 3 PR A R AR
%IE F 2

(1) —=0.76<h/H<0 (0<bj/H<0.28); —0.76<hj/H<
—0.67b;/H-0.25 (0.28<bj/H<0.52).

(2) —bi/H-0.04<h/H<3bj/H-1.08 (0.32<bj/H<
0.36); —bj/H—0.04<hj/H<0 (0.36<bj/H<0.48); —0.52<
hi/H<0 (0.48<bi/H<0.72); 4by/H-3.4<hj/H<0 (0.72<
bi/H<0.80).

(3) —0.67bj/H—0.25<hj/H<0 (0.28<bj/H<0.32);
3by/H—1.08<hj/H<0 (0.32<bj/H<0.36); —0.67b;/H-0.25<
hi/ H<—bj/H—0.04 (0.32<b;/H<0.48); —0.67bj/H—0.25<
hy/ H<—0.52 (0.48<by/H<0.52); —0.76<hj/H<—0.52 (0.52<
bi/H<0.72); —0.76<hj/H<4bj/H-3.4 (0.72<b;i/H<0.80);
—0.76<hi/H<0 (0.80<b;/H<0.92).

bi/H
0 01 02 03 04 05 06 0.7 08 09
0 T T T T T T T

0.1 !
R FLR N [X 4) ULk
03 F

04 R
05 |
0.6 |

07k @ U® b=
0.8 L

B 17 EEERTREENRAREANEE
Fig.17 Fitting diagram of asymmetric instability mode of
adjacent foundation pit engineering

hy/H

®

BifE, $EEL T IE AT TAR IR AR A i B
gE, T IR B 430N 5. 11. 134 17 m,
VT HEEE BS by 7E 1~23 m o Bl 9 I BE A 45 R DA% e
LARZRE, WHE 18, JEBEA S5 M AR e 2
A RHCN 1.636.

IS
W
1

25
241
®22
R
@ 20
1.8

25 25F
2.4 2.4
22 = 2.2
N—GZO Niﬁ?ézo
M~ a %
18 18
1.6 1.6
15
0 15

(b) =11 m

(c) h=13m

(d) h=17m

18 ZERPBUE
Fig.18 Safety factor change diagrams

FPE 18 AR, FEREBUIREE H ORI R g SR L D
925 m A 10 m ISR, BEA M4 E 1

JERE 5. 11 13 m B, VERINTEREA Ak 4= uh 0 1
VG4 5N 7.14~20.00. 7.91~18.00. 10.10~



%140

SRIRP S AT ALY TR A IR AR KA AT 7T 275

15.00 mo REAT k420t 7 1 JF BEIA 2] 17 m I, 1572
THL R ANTE BEA HL Bk i . AR LA B VSR mT 0, B
R Bk A R LN, WS T B A
BR 2wk O3 P R IZ kb ELRR IR S B A o

7 4w

xR b Bk 4 o 3 1 0 R BT T RE A IR
TR RARE IR R, ARSCR B 5 %0 Hr 73
LT TR MR/ARR R A B TR AL, a4 1k
BT TRER FRARRFR R R AR, R T T 55T
SRR TSI B i A B R AR B
GUR X #e T s B . I L WS, 1951
PAF 24518

(1) B IS TAER AR RASAE S, A
YIS B E S RALE, HILT 6 Fhiis
AR, FEIX 6 ML, 2AMAR, —KE
THREARE, Wi SEAMkE ST
— MR ARAZ 5 R Bk AR wh R I B T — (Ul
WA RS 5 BE A Mgk Al FE I 3 BT — 00 ) T e A
A5 A RIETER AR, B2 A
PR g . S5 R MUk ARtz i ER b — M
JRHARA . MBEA B b ARG b (A 2 ad . i
ST TREX IR A AT 4509 6 Fift

(2) BERHEEAEGT LRI RGN, bEE
WSCEHCREIIIE N, AT EANY R, Hid
fr BAEFE S AR I, IR E BN
TPE, AREARRE T e R BRI, BEE
SEGUIRFE RGN, RS AR F e KRN, A
PR AR 1 22 4 R BT

(3) AR TREARPN AR RS, A
RIS 5 WA R ek M AL E, BT 3 M
MEZIR, 70T B A Bk A a2 B A 3t
BRAESEM L R Y BUAERE TP . ek ST TR AR
XK KA AT 24505 3 Fs

(4) XA TREAE R ARIE B I oL, 2
WA M Bk 4 il A R RE /NS, B S FR e R A
I, BEA ke st I ARG E R SN R N,
ZiaThse; AWA B RE TREEREORN, B
FATHEEE BRI, WA MR 4R b ) AR A 2 1R
g, B TRRE; BERAMBKEE LR
FERIIGIN, T T AR BEAT MOk 2t (0] (¥ 3T e 32
A > BRI B AN .

(5) EFXSAAIARE, T AR BEAT Bk 22t 5 2
Hu A () 3 B 0% A S AR 3 A 3 e T AR T
Mot )= 0 Ve S AL B e A A

(6) &0 A0 5T ik 2 i ] e afe 20 o e i T
FE, NE i SR VE MR 2l SE B G K by AR AR
o B AT SRIOIN A H5 i, X 5 LT IR 8 B 3
SR UALCR 3 4 TE N SCHEE N s A

2 % X M

(1] Gk, FfE, FhEAZ, &5 i@t R 11k

TR TR D). BRIERE S TR AR, 2023,
20(6): 2091-2101.
ZHANG Zhen-bo, ZHOU lJia-di, SUN Ming-lei, et al.
Finite soil pressure calculation method of excavation
closing to existing underground structure[J]. Journal of
Railway Science and Engineering, 2023, 20(6): 2091-
2101.

[2] ZHANG Z B, ZHOU J D, XU F, et al. Calculation
method of the finite soil pressure for a new foundation pit
adjacent to an existing subway station[J]. Applied
Sciences, 2023, 13(3): 1-19.

[3]1 YANG M H, DENG B. Simplified method for calculating
the active earth pressure on retaining walls of narrow
backfill width based on DEM analysis[J]. Advances in
Civil Engineering, 2019, 1507825.

[4] CHEN F Q, LIN Y J, LI D Y. Solution to active earth
pressure of narrow cohesionless backfill against rigid
retaining walls under translation mode[J]. Soils and
Foundations, 2019, 59(1): 135268245.

[5] CHEN F Q, CHEN H B, XU L, et al. Seismic
pseudo-static active earth pressure of narrow granular
backfill against an inverted T-type retaining wall under
translational mode[J]. Soil Dynamics and Earthquake
Engineering, 2022, 152: 107018.

[6] YANG M H, TANG X C, WU Z Y. Slip surface and
active earth pressure of cohesionless narrow backfill
behind rigid retaining walls under translation movement
mode[J]. International Journal of Geomechanics, 2020,
20(8): 219501208.

[71 XU L W, LIN Y E J. Experimental study on the active
earth pressure of narrow cohesionless backfills against
rigid retaining wall under the translation mode[J].
Advances in Civil Engineering, 2020, 8889749.

[8] AR, HARE, IR LB RT E AR A
SR S WA 1 oY E 57 a7 o2 7 7 U R = il
224, 2023, 45(1): 94-102.



276 = +

71

e 2025 4F

(10]

DENG Bo, YANG Ming-hui, ZHAO Ming-hua.
Experimental study on failure mode and lateral earth
pressure distribution of unsaturated sand behind retaining
walls under active translation mode[J]. Chinese Journal
of Geotechnical Engineering, 2023, 45(1): 94-102.

XWe, UIRE, ERE, & WIPERES S A L adr
A Esh K BB B S5, 2022, 4309):
2371-2382.

DENG Bo, YANG Ming-hui, WANG Dong-xing, et al.
Failure mode and active earth pressure calculation of
unsaturated soil behind rigid retaining wall[J]. Rock and
Soil Mechanics, 2022, 43 (9): 2371-2382.

FRIE, IR, R, 45 RB AT NIVER A R
TR LR EEOTEIL S BRI AT
22021, 42(10): 2895-2907.

ZHANG Heng-zhi, XU Chang-jie, LIANG Lu-ju, et al.
Discrete element simulation and theoretical study of
active earth pressure against rigid retaining walls under
RB mode for finite soils[J]. Rock and Soil Mechanics,
2021, 42(10): 2895-2907.

LAI F W, YANG D Y, LIU S Y, et al. Towards an
improved analytical framework to estimate active earth
pressure in narrow c— ¢ soils behind rotating walls about
the base[J]. Computers and Geotechnics, 2022, 141:
104544.

E5T, MBEF, WAL, & NP R AR ik
g IR 7T [T]. B %, 2021, 42(11):
2943-2952.

WANG Chong-yu, LIU Xiao-ping, CAO Zhou-hong, et al.
Experimental study on characteristics of active slip
surface of limited width soil behind rigid wall[J]. Rock
and Soil Mechanics, 2021, 42(11): 2943-2952.

FERT, XL, R, S KIS S A R Ak
el R AHER AT R[], & T J1%, 2021, 42(7):
1839-1849.

WANG Chong-yu, LIU Xiao-ping, ZHANG Jia-qiang, et al.
Experimental study on passive slip surface of limited
width soil behind a rigid wall[J]. Rock and Soil
Mechanics, 2021, 42(7): 1839-1849.

CHEN F Q, LIN Y J, YANG J T, et al. Passive earth
pressure of narrow cohesionless backfill against rigid
retaining walls rotating about the base[J]. International

Journal of Geomechanics, 2020, 60(5): 1226-1240.

[15]

[16]

[17]

[20]

YANG DY, LAl F W, LIU S Y. Earth pressure in narrow
cohesive-fictional soils behind retaining walls rotated
about the top: an analytical approach[J]. Computers and
Geotechnics, 2022, 149: 104849.

B, B, R, BRI B ORIt
FhHE SR L[I]. AL LRE2AR, 2016, 38(1):
131-137.

YANG Ming-hui, DAI Xia-bin, ZHAO Ming-hua, et al.
Experimental study on active earth pressure of
cohesionless soil with limited width behind retaining
wall[J]. Chinese Journal of Geotechnical Engineering,
2016, 38(1): 131-137.

JiF, MREL K, L BKEM AR AR
TR BB IS BB B (0] R S S TR AR,
2019, 15(6): 1699-1708.

FANG Dao, YANG Si-min, XU Chang-jie, et al.
Experimental research and numerical analysis on active
soil pressure of limited soil under water immersion[J].
Chinese Journal of Underground Space and
Engineering, 2019, 15(6): 1699-1708.

LIN Y J, CHEN F Q, LV Y P. Analytical solutions for the
earth pressure of narrow cohesive backfill with retaining
walls rotating about the top[J]. Acta Geotechnica, 2021,
16:2975-2995.

FREIE, B/, XIREE:. il 3 Bk bR 6 i B BT It T 07
ZEXT LA HT]. MR (Al AR, 2011, 7(6): 1203-
1208.

ZHANG Ming-yuan, YANG Xiao-ping, LIU Ting-jin.
Comparative analysis of construction schemes for
foundation pit excavation adjacent to subway tunnel[J].
Chinese Journal of Underground Space and
Engineering, 2011, 7(6): 1203-1208.

EARE. BRIEGUITFZ 0 I 32 BE A W S 44 45 4 B B 1
M ST SU[D]. W IR K, 2017.

XIA Xiang-zhong. Analysis and study on the influence of
deep foundation pit excavation on existing rigid support
structure[D]. Xiangtan: Xiangtan University, 2017.

B R ST T M o e b Ak s 52 e 4 BT 0.
R =6 5 TRESAHE, 2011, 7(5): 1013-1017.

XIAO Tong-gang. Analysis on effect of deep-pit
excavation and monitoring on neighboring metro tunnel

in soft ground[J]. Chinese Journal of Underground

Space and Engineering, 2011, 7(5): 1013-1017.



%14

SRIRP S AT ALY TR A IR AR KA AT 7T

277

(22]

(23]

(24]

[26]

HEK, B/, RIEE S, BB T RIS S i
T RARFEAEHI]. R A A S TR AR, 2015, 11(6):
1581-1587.
FENG Long-fei, YANG Xiao-ping, LIU Ting-jin.
Supporting design and deformation control of deep
excavation adjacent to the metro side[J]. Chinese
Journal of Underground Space and Engineering, 2015,
11(6): 1581-1587.

Mo, &, EROW. FEGTTFHZNS QU I Bk 20wl 5 e
FREWFF[I]. H 2305 TR, 2005, 1(4): 642-645.
ZENG Yuan, LI Zhi-gao, WANG Yi-bin. Research on
influencing factors of deep excavation adjacent to subway
station[J]. Chinese Journal of Underground Space and
Engineering, 2005, (4): 642-645.

HKIERE, FRZME, WHAIh. BEPUE T I E Ak bR iE A
TERER S 2RI BT FE (0], R 28 (A 55 AR 54 4k, 2006,
2(1): 128-131.

ZHU Zheng-feng, TAO Xue-mei, XIE Hong-shuai. The
influence and control of dip excavation on deformation of
operating metro tunnel[J]. Chinese Journal of
Underground Space and Engineering, 2006, 2(1):
128-131.

AR, B/, XUREG:. Bk A2k SR B ST R
Jitt .75 S EERITFE[T]. MR 2 (] 5 L RE 24, 2013,
9(5): 1121-1126.

TANG Chang-dong, YANG Xiao-ping, LIU Ting-jin.
Study on construction scheme of one-side foundation pit
engineering adjacent to metro station[J]. Chinese
Journal of Underground Space and Engineering, 2013,
9(5): 1121-1126.

W, XIEM, LI IE B R R i F by
DA Pl s X A E 2 VI U Ol LT R T O 2
2007, 3(4): 742-744.

XIE Xiu-dong, LIU Guo-bin, LI Zhi-gao, et al. Analysis

=AY
FEm, %

of soil layers displacement characteristics in foundation

[27]

[28]

[29]

[31]

pit adjacent to subway station[J]. Chinese Journal of
Underground Space and Engineering, 2007, 3(4):
742-744.

IR, B, RS, A BEGUE A 4RI BE
A BEIE (¥ 52 0 e 2 e R ER T (], A
2021, 51T 2): 1532-1537

BIAN Rong, HE Lei, YAN Yuan-zhong, et al. Study on
the influence of the deformation of the foundation pit
supporting structure on the adjacent existing tunnel and
the safety protection distance[J]. Building Structure,
2021, 51(Suppl.2): 1532-1537.

PRORE, B8 RE. LT sier 80E N B IR IR T
WA ET]. & 1%%, 2023, 44 (8): 2400-2408.
CHEN Bao-guo, JIA Zeng-pan. Optimal strut position of
deep foundation pit with convex corner under surcharge
of adjacent building[J]. Rock and Soil Mechanics, 2023,
44 (8): 2400-2408.

BE, MaE, BKE, 55 A REZE LT
LR AW E R[] A TR AR, 2022, 44(3):
483-491.

LAI Feng-wen, LIU Song-yu, YANG Da-yu, et al.
Generalized solution to active earth pressure exerted onto
retaining wall with narrow backfills[J]. Chinese Journal
of Geotechnical Engineering, 2022, 44(3): 483-491.
SRIKAR G, MITTAL S. Analysis of retaining wall built
near rock face for different wall movements[J]. Indian
Geotechnical Journal, 2021, 51(6): 1374-1383.

A NS E R 5 A 2 & ¥, GB 50911 —2013
T BE AT TR MR RELS]. bst: R R
Tolk AL, 2014.

Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. GB 50911—2013 Code
for monitoring measurement of wurban rail transit
engineering[S]. Beijing: China Architecture & Building
Press, 2014.



