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Support Structures

ZHOU Junjie
(Anhui Transport Consulting and Design Institute Co., Ltd., Hefei 230000, China)

Abstract: A pit-in-pit foundation pit is a common form in engineering. The secondary release of soil stress caused by
secondary excavation will significantly change the overall stability of the foundation pit. Taking a pit-in-pit foundation
pit project in Nanjing as the engineering background, based on Plaxis finite element analysis, the Hardening-Soil
constitutive model and strength reduction method are used to reveal the instability and failure mechanism of pit-in-pit
structure, and systematically analyze the influences of the embedded ratio of the external wall and the pit toe coefficient
on the stability factor of the foundation pit. The results show that under the specific combinations of the embedded ratio
of the external wall and the pit toe coefficient, the excavation of the inner pit will change the whole sliding surface form
of the foundation pit to form two differentiated uplift failure modes. The increase of the embedded ratio of the external
wall can effectively enhance the stability factor of the foundation pit and stabilize it. The variations in the pit toe

coefficient directly correspond to different instability modes, and are the key influence parameters to control the pit-in-
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pit safety and stability factors.

Keywords: pit-in-pit foundation pit; strength reduction method; stability analysis; instability failure mode

0 3l

W 3 T 1] T A R ) PR A T, R T A T
B M, T B G S R S AR ST H AR 2, BT
THZEWEZ AL MR, THZ i At ik 29 . b
BEHUR IR AL ST 20 R B R A5, 12 bt
WIHEAT ZROIHZIE N ST S5 5002, 0L T %
R D BESUITZ 4207 MR E T2 TR 5.

H A, SRR E PR 25 7 A4 Terzaghi
B CVEEETN AT AR e SR R S

T

s EHA: 2026-02-28
EEEN: BBAR0993—), 8B, L, TN, NSBRIE
W’ TR,

(BRI R I R SR I 0 i 6 T U RO TR S R
BIR , AH SC R r v A WAl 00 B e v T 2 T A A e
Gy AT T O BT PR R A AR 2 BT
Wi, A B AR AR PR SN A2 EAT I TR
ST X SMTORR RE PR A R W A T A 2 SEA T A
A REARUE TR AN, S Eh iR T R
FHO K

T R P R ISP B P A A O T RO
Yoo B AR BE R, T AR L R L DL R
N R RN S SORIL b SUN AR R TE
M AR AR R B, NGB AE 2 B I N 3
SRR 2 Bl T, AR T IR R AR E A, OF
15t N BUAFAE — s M SRR M B e AN A 07

=24
i

- 362 -



2026 455 9

PR 0P SR I I AP M R R X ra o AT

AL 5% 3

SR, FAESC T 0 SUIF 425 R A9 2R R i A A5
AT A o Goh Ui T SO 1AM T
LA 0 337 R R ) R A
T T T BE 78 FE BTV A A AR B IR AR 2, e I
P ST T M 5 51k TR el =
ST U, A SIS PRy rh BT A TR 98 5, i 1)
A BRIT B o AL, X 30 BT BT B R RS IR
B R IFF R AR R, O TR 5 T 82 gt s
X

MHERERTEBEELS S

EBRITER

WRAE R T VAL XL R E T H A SR 4
T I R% 3 i BT BT BTAE R 5549 ST Plaxis A5
R T AR T RO SR AT T 4R X FR AR A (DL
B, FEBTE 1 R SF 4 50 mx30 m, BR TR IR E S
SAELERG R [N 1 m, SR IR R R, ROV
fili 17 5 AR BE S ECZ I OE R
SEHUSAP I B R A B T AR IR

1

1.1

TR 18 1) B4 [T 5, PSR K S R2 RS |, R 30 S8
SR U A + P42 B SR R SCP 454 5 R 2 1]
IR AR EL AR PR A2 A B G AT AR

-

:E—|B

Q

30

50

E1 ARTEBTSE(EAG:m)

TE A BRIC 43 ol e, BHLARL 9% 590990 P - (A A Ay
BRI JC L BT rh TR U2 Gt e, oy T
UERUTEE R 1P~ o N | = e = e B I PRl A AT
F 2% i B D) A Ak A 4 658 46 19 HS (hardening soil ) 1
PRBERY R 2 3 B0 W BE T K, () I = 2 28 1 )7
ARUSE S A5 RO S B N R AR AR IR S Ak
P .

TARYIR T SRR |, SIS AH S HL
K2, NIHEMKSHILES.,

x1 TEMEBHFESH

R R/

PRk =hikse AT HUERTNE

MIES) BRIl NIEE

PS5 RRAK m  (KN-m™)  EIZREES/MPa RIEES/MPa  RIJ¥ E“/MPa At ZHK, kPa /(7)) R
1 H+ 1 17.6 6.41 6.41 19.23 0.28 0.698 10.5 17.6 0.9
2 BEFHLE 15 19.4 8.41 8.41 2523 0.31 0.479 12.7 314 0.95
3 BBt 8 19.2 20.0 20.0 60.0 0.28 0.478 8.0 315 1.0
4 Bt 8 19.4 30.0 30.0 90.0 0.26 0.450 5.0 334 1.0
5 bt 28 19 40.0 40.0 120 0.33 0.508 6.8 295 1.0

R2 XPEMEXRSY JE R, AT DA AR AR R ST v e e S i e ] A 3R

s T %T@@/ ﬁwﬁﬂ WA e o 15 RE 0 X IO 14 58 B 41T 0 2R B B Ry e e R

stz 3 SRR Qo Lo )

R T o o SR A LA (SME ST S5 VR BE H 5 MTCH0E )
NEE 600 1.80x107 5.40x10° 0.167 FRHIPEEMATEED Z W) 55l &5 o (B/H RN

F3 AXEMESH N ANTTHE B 5 AN R B 2 L) S X ) T 4% 48 5
Fm e Wﬁl?{'{\lﬁm/ AR L) SRR E YU FE AR, 435 % 58 T X IS hT IR B R R M
" " QL T

WAREEL Bk 3.0x107 6 12 HOTE L, LT 2
A ST [iis 1.2x107 6 8 4.4 ¢

12 EFERTEEFEXOREES =0 L

1 JH Plaxis 47 BRIE 50 BT 45 P Phife 53 BT BEHHE 17 | o

o FEE PTT, BIDKE - a2 BOR N EE 4 1 S 4L, B

v S 4 vt N ) 4 2 @ .

A HEAT T (B DA — 383 R K ), 75 095 19 £ s

SRR R B, BT, B A ARk B AR oL - - . - o

(A B ICIHE NS ) , A A5 31 55 252 7 0a 5 iY 3 i P N

0 8% S5 L IR, S5 (R J3E R Y DX I 3R W] A7 7% K

B2 SMERBALLASZR2RHFsXRE

+ 363 -



IF LA 5% %

PR 0P SR I I AP M R R X ra o AT

2026 455 9 1)

SR R P RE RE 22 A R E R RF RSN A
F AR BN M R, 2 R ol T A LR O 2 A
TR B, e 1 80 [ 9T S, 0k B B e ) 1
R, %4 RO R s (ARG A FE g e — 2238, F
98RO B /I 3 P S AP 5 A AR TR BE X T 6 )
SR E MR R W H A I SO0, A = 0.5 A A LR F,
S [ 1 PR 5 2 A < 0.25 I, 5 B 47 0 B ke i AR
s BRAE SN STAL Ul B /N 3 A HE X P I A AR
SEVEBCA TR, Al AL B S8

T kARG R L L, B BTk &R
a = 1.0, 18 i B 5 P A] gk — 20 56 ik S g A L X
FEHUR AR A

W 3 pirs , SR AL 0.25 IF, ST IFZ A
Jr PR e A 2R i T AR A AN K < di i T SR i 2
NS ECRER RIS Y SEEI TPV A BB L S
R IR ) N ST P AN oA N e A AR 1182
FrLASMupE R ke EEIE . K4 K5 s 4yl
S Ah S AL 0.5 5 0.7 I N B TF 2 TS 19 R 0B
3, IHZHT, RASIE O e SN N IE S i 1)
52 S e 22410 s INSUTFIZ IR, R R il R HL v 3¢
S ZE N BTSRRI A ] . U B A
A BRI, SMURRE T O (H N2 5 R Sk
70 8 R e IR A 2k A AR A, DGR A 1 I 1 22 T S o
ENTUR

(a) (b)

B3 A A=0.25 M FAEZRIERBER

TI |

~

(b)

(a)
4 FEANLEA=0. 5B AT FIZRIE KRB K

LUl R« < 1O, PR 2 210 E R,

2o

6 oo B 8 ORI 19 0, S R TN R ATC 5 B A 1S
A7 2 2l I8 G T 48 K, Al 7R A2 T AR B LR
LA RBONR MY R« > LOM, N ST Z ]
I & BT RE 10/, OB W SN A PS4 1 R
ST, S — A R I i 2 A2 B 2 S B bR AR, It

AN
pay

(b)

(a)
E5 $EALA=0.7 HRFIZREREENL

ERE RS EEE/NLEG6) .
46
L45 |
Ry
4.4 |
w43 L
ool
{g 11|
& 4.0
B9l
3.8

1.1 1.2 1.3 1.4 1.5

ot R
H6 HlREMa«S5REAMFsXRE

e SN AR A LL A = 0.5, 38 A BR ST A Al

— ISk A8 RO BT R AR A4 A
K7 29 A R T R B BT b BT 42 K R B A
WILARIFAZI (UL IEL 7 (a) ), HAR R 200 0 S
ZEAR S B9 BN, 5 M B e X — 8, 4
Sk 2RO 075 1 (WL (b)), NS ITZ 5 e B 9N
LRI ARIE RIFAE AR BT , 3 22 1A A (B0 % 22 A A
Bl YUk REOERE LOWE (), R 241w 2
AR . HYTRE RO Koy L5 (LI (d)) , T
SLAAE NN 1 —E JE I N IE B, Joik B il 5 i

R 12 S T 28, LR AR 35— 5T ] o

0.7 0.8 0.9 1.0

H
— e S
= e N
(a) WYLTFEHT (b) a=0.75 o
= P ——— R
P
-
r

(d) a=1.2
E7 AERHRBHRATETLERR

(¢)o=1.0

Xt Ut o LR OO 42 S b AT RE R S E A
52 S 2 00k I AR e IR ORI B 0 A8 1 B 52

- 364 -



2026 4155 9 #1

PR 0P SR I I AP M R R X ra o AT

IFEA 5%

FERBLLT 458

(1) %4 A L ATk 28 85002 5 w350 b B fE 16
W TN R, SRR A LN, EEIE
R ANUR TR AR, T 4% L — L6 B s AR
N B, 1 24 T 2 AR B I F IE i = N BT, B
B Y ST . DU R B /NI W 2 T AR R
Uk 28 K508 KT K B B PR TR 4 M
Bk Z2BORKT 1.5 0, Bt oh S e e Fee M mT 4 o —
FEHTHEA TR

(2) %4 Fa e ZBOF BESNES IR A L A /Y 38 K
B, B X FR 5 AE AR I S B SHE S A
Xof 435 #) e S R M AN 5 BUE R B BN, A S
Pras AL £ RBERS I A AT BRI, %A R
B o 11035 i (e Vi T 39 ) T 5, WU BE R B o R
F, P9 A SR AR AT O VE T L e R
HBE o B3 0 (PR — BV TR/ IN ) T R AR

B2k

(1 R R, 2 A . 5 T e v d7g 3 i JBE 81 43 7 Ko |1 i (01, 25
+J1%%,2010,31(5) : 1555-1558.

JEBERE . OCF B TR ML AUE BT £ AR T A4, 2005,38(9) :
99-102.

Terzaghi K.Theoretical soil mechanicals[M]. New York: John Wiley &

=74
o

IS4
7

(2]

3]

(L#%3617)

STk :

(1] =), 573, B2 A5, 4 . A b for 28 %o 410 30T 2 A3 R 3 52 0 (14
A BRIGHATIN. 55 £ 712, 2008 (9) : 2508-2514.

BT KRR ST S AT A SR T R 75 S0 ) BEAT B 05 5 i O A 52 01,
b TR, 2013, 35 (B8 T1] 2) £ 923-927.

kS R b DR B TR 408 3 Y b R S ) (SRS A )], AT
LA ,2016,29(6) : 93-98.

TR R R 3 T A0 T BE AT b 4k K TE R 1) B8 43 AT (D).
TR R R (H SR B2 L 2019,50(2) : 390-399.

B, EHL, e AR A b 0 418 30T s Bk X ] % 1 ) 5
SIHELD). B TR, 2016(2) £ 129-133.

kA, SR R A M B 2R K S R R AR A SE X
I % G 4 B F T . A A 1S TR R, 2017, 36(8) ¢
2040-2050.

SR, AR RS IR TR FR AR Lt T B A A R Y S AIE S ).
INPETRE,2019,44(5) :118-1225187.

(2]

(3]

[4]

[5]

[6]

(7]

Sons , 1943.

TEAN S, ELUTRE . M T 3 S 8% A B TR P9 ) A - TR I TR ().
+ T4, 1983,5(3) : 103-114.

DG/TJ08-61—2010 FE¥Hi TR AR M [S].

GB 50007—2012 # 57 i 3L LAk 3 T [S].

A A R XUR BT HR A T SbTA BR A AR kg R
D A 1%, 2018,39(12) : 4404-4412.

WSS, BUD B, SRR S BT IR 135 1 S U A B
b TR, 2010 (B9 T 2)  187-191.

TRER B, ENE SE R BT bR SR TR A i AR A
TR RE ] #1712 ,2012,33(9) : 2736-2742.

AR, TR, TR A5 T P b b bR CE 4 Hr
I MR 2 1A S TR AER, 2023, 19 (F4F) 1) : 381-390 5 398.
PR AR, Z8 AT, oK 58, 45 3BT F2 4 sh AR L A AE B 45 thl s R A
UHT B EAR S TR, 2023,23(9) : 3820-3830.

kUL SRV ZE AR, 4 L SEBTPT M A AR R R A 5T B Ut (D).
Bl AR 5T, 2022,22(29) : 12695-12705.

FEL R K, 2R B g, 45 3 T 1E 22 3R 00 A 0 v 0 [ sk SR
Wi A 28 AT (0. A B Tl R 2244 (3 SRBH£ R ) , 2022, 45(4)
493-499;519.

W BUL I E/NE S R T R LB R b A
RO R A £ 1% ,2012,33(9) 1 2736-2742.

BT, MR B T5 5 YU R B P b IR SR Y R e
YRR A3 AT, R 23 18] 5 TR SRR, 2017, 13 (1) : 257-263.
NG, T/NKI 5K A 21 . 5 RS R B B S i 1) ST B T R
ST TR J12%,2018,35(5) : 118-124.

[4]

[5]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16

=

WrZEAG ZEH AL, A AR SE BT e R ke b K B A R R 1) 22 [N
FOPHT. BRIE R F 5 TR 24 4], 2020, 17(10) : 2603-2611.
X, TP S A A5 AR AR T T A8 AT R A i 4K B A 5 e 1T
FE[I]. B AR, 2020,38(6) : 146-152.

TR, A WEJE X B AT 8 A R G R Bl R e Ay BT (D). K
AT A2 E R, 2021 ,42(4) 1 72-76.

MARR, O HET, Thon, A L NAT KB E TR B R AT B 1Y
FEMARESE (D). ) AR AR 5 A5, 2022,29(5) - 82-85.

WA AT B0, ke £, A L A I A 3Rl T B A G A K T Y
PRBFZ 0 S Hr(J]. ARSI AR L 2023,60(1) : 140-148.

5T HE 2R A5 M R TR R DX [ R 55 A 14 5 4
w5 (a1, 77 B TR, 2024, 5(236) : 39-42.

XU E , XI3E S . HE T MIDAS/GTS NX A9 AT 32 15 A 5] #
BRBEIE IS 20T (0], T VT TR B o4, 2024 (1) 1 21-26.

O %2 SR T 2R O A JE AL R 1 AR L AR S A A 5.
i T A (FhIES) ,2025,54(1) :46-53.

(8]

[91

[10]

[11]

[12]

[13]

[14]

51
22

[15]

+ 365 -



