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Abstract: The heave of the existing shield tunnels will be induced due to the above excavation, and then structural damages,
including leakage and cracking, easily happen. The combination of the shaft excavation and anti-uplift portal frame is an
effective technique to limit the heave of the existing tunnels, while the theoretical method is absent presently for the design of
the anti-portal frame. Thus, the analytical solutions for the performance of the existing tunnels are proposed for both the
longitudinal and cross-section deformations of the existing tunnels during the shaft excavation and foundation pit excavation,
respectively. The flow chart is also provided. The results predicted by the analytical solutions are in good agreement with those
of the field measurement and 3D numerical simulation, which proves the reliability of the analytical solutions. The mechanism
of the anti-uplift portal frame is carefully investigated, and the sensitivity analysis of the buried depth of the existing tunnels
and the excavation size of the shaft is performed. The results show that the anti-uplift portal frame can effectively control the
deformation of the existing tunnels caused by the above excavation, strongly depending on the thickness of the soil above the
existing tunnels. The efficiency of the anti-uplift portal frame is stronger with the decrease of the thickness of the soil above the
existing tunnels. The effects of the anti-uplift portal frame mainly depends on the force between the anti-floating slab and the

soil, and the uplift pile shows a minor influence on the deformation of the existing tunnels.
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uplift portal frame
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Fig. 13 Comparison of anti-floating effects of anti-floating slab

and uplift pile in anti-uplift portal frame
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Fig. 15 Variation of tunnel heave under different sizes of shaft
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Fig. 16 Variation of tunnel convergence under different sizes of
shaft

6.3 HUIRMEAE KIS/

B 17 g th TSR PUAAERE K A T fE iE
P EFRATE AT 2 B 17 T RUREL, BEE TR
BEREACHOHE I, BB LR, X U5
TR HE SR (R 22 1 8RB T4 55 7 FL TR PR A AU T
O ME BE WS FT BL I TIPS AR IR AR PR A 703
K QFUIRMETT ORI 251 76 ) U 170 S0 8 8 g %32 51
R A,

20
——L,=10m

——1'=20m :

L P i

15 o LP=30m I ’.”..0000"\. E

. N\

E 10 / 4%
i

5 -

)
-

0

100 120 140 160 18
BB 1 /m

17 FNEHUHRATHEK ThEE EFE L

Fig. 17 Variation of heave of existing tunnel under different

-5 1 1 i 1
0 20 40 60 80

lengths of up-lift pile



% 8 1 PR, S TGRSR RN B T7 T2 AT I AL B3 ) 1 A A 1683
in soft soils[J]. Chinese Journal of Geotechnical Engineering,
7 g:l:lb iﬁ 2019, 41(S1): 41-44. (in Chinese))

ASCEE R L T5 T2 5 E f E A FEE AL TS AR T
BEIL, B RE T I GUIFHEZ XS B8 A2 1 PR Al 1
BEILLT 4 mighit.

(DR I ST AP HES B BRE A i
7% AMLRER BT AN HUR RO H R AT 5
Wi, 3025 F8 1 S WAL 7 BOT F255 IR R AR

(2) i8I 5 TR S Al =4 HUE AT X L,
TP ARAIE 1 A ST B AT SRR TH L RS OTFE R BL
ANFEGTIF 2R B A BEIE 1) L AR T A HE R . A1,
AR 73 A 53 7T LU T B T2 35 R R B
R NCIRI e A

GO TGRS T TTT 2R BOT DAE — €2
FE byl EITTES RIS IERL T, Hrh HUE TS
T8 P PR R e TR . AT 5]
A EEA BEIE LT LA K TR B, 2R
TR IERRII ST SRR, JT 2 5 SR A 12
SR LR AR K.

(TGRS R R S R 5 9 R
JE AN A2 RS F VIR, FAR R Tl Mz 2k
R FEESHIZ R KR, JiFk s
TR B AR R0, S B ORI -

SE -

(11 2 9. FEGUFZEX 7B JE A RS TE S0 1 S 5 45
BT[], & 1%, 2013, 34(5): 1421-1428. (WEI Gang.
Measurement and analysis of impact of foundation pit
excavation on below existed shield tunnels[J]. Rock and Soil
Mechanics, 2013, 34(5): 1421-1428. (in Chinese))

[2] MENG F Y, CHEN R P, XU Y, et al. Contributions to
responses of existing tunnel subjected to nearby excavation:
a review[J]. Tunnelling and Underground Space Technology,
2022, 119: 104195.

B1 A NI, AN, 27 5, & BGUIFZ 5 WL A B
AR R X LI, & - TR 2R, 2016, 38(4):
599-612. (ZHENG Gang, DU Yiming, DIAO Yu, et al.
Influenced zones for deformation of existing tunnels
adjacent to excavations[J]. Chinese Journal of Geotechnical
Engineering, 2016, 38(4): 599-612. (in Chinese))

4] frrbte, FEESE UL @, S SR HLBREEIE B BRI
SUART ey M ()], A TR AR, 2019, 4108 T) 1)
41-44. (XU Zhonghua, ZONG Ludan, SHEN lJian, et al.

Deformation of a deep excavation adjacent to metro tunnels

(6]

[7]

[10]

(11]

[12]

WXk, &5, A1 8N, 55 LT RERGUMZSE TR
BB 50 VRN & LR, 2023, 45(11):
2209-2216. (HUANG Maosong, LI Hao, YU lJian, et al.
Approach on longitudinal deformation of underlying tunnel
due to pit excavation above[J]. Chinese Journal of
Geotechnical Engineering, 2023, 45(11): 2209-2216. (in
Chinese))

FRIAHE, KR, BCRIIX RSP E R LR A &
bR B T PR AR TR T i LA I[I]. A ) S R
., 2013, 32(1 F| 2): 3428-3440. (ZHANG Zhiguo,
ZHANG Mengxi. Deformation prediction of subway tunnel
induced by EPB shield in soft clay during above and down
overlapped traversing process and its construction control[J].
Chinese Journal of Rock Mechanics and Engineering, 2013,
32(S2): 3428-3440. (in Chinese))

ZHANG D M, HUANG Z K, LI Z L, et al. Analytical
solution for the response of an existing tunnel to a new
tunnel  excavation
Geotechnics, 2019, 108(5): 197-211.

CHENG H Z, CHEN R P, WU H N, et al. General solutions

underneath[J].  Computers and

for the longitudinal deformation of shield tunnels with

multiple discontinuities in strata[J].
Underground Space Technology, 2021, 107: 103652.

MR BB, ZE7Kkag. FEGTIFZ E e 5] T EhREIE R T
HOTED]. MR 2SS TSR, 2005(1): 91-94. (CHEN

Yu, LI Yongsheng. Calculation of tunnel heaving due to

Tunnelling and

Chinese Journal of
Underground Space and Engineering, 2005(1): 91-94. (in
Chinese))

HUANG A J, WANG D Y, WANG Z X. Rebound effects of

unloading of pit excavation[J].

running tunnels underneath an excavation. Tunnelling and
Underground Space Technology, 2006, 21(3/4): 399.
w4, ¥ M HELMUT S F. ZE5UHFst FENZE &
Fey B T 5 M ) B (B B BT FE (0], HOR TRE 2R, 2012,
45(3): 182-189. (HUAUG Hongwei, HUAUG Xu,
HELMUT S F. Numerical analysis of the influence of deep
excavation on underneath existing road tunnel[J]. China
Civil Engineering Journal, 2012, 45(3): 182-189. (in
Chinese))

TR, AR, FIRE, 55 BHUHZ5HE TENEE #
71 BB TE ATV 1 ) BOR BT ()], o £ TR AR, 2013,
36(1): 88-97. (XIE Xiongyao, YU Hongjie, WANG Qingguo,



1684 "+ T OB % M

2024 4

et al. Deformation control of operating tunnels induced by
deep excavation of overlying metro[J]. Chinese Journal of
Geotechnical Engineering, 2014, 36(1): 88-97. (in Chinese))

[13] SEENE. URE B IEGUITF2 0N Eh Bk B I8 A2 72 5200 43 A
B AL RIS R FC[D]. 1 0: MK, 2018, (GUO
Jinrui. Analysis of the Influence of Short-distance of
Foundation Pit Excavation on the Displacement of the
Underlying Subway Tunnel and Research on Displacement
Control Measures[D]. Guangzhou: Guangzhou University,
2018. (in Chinese))

(14] HEwil. FeT 7P HER I FE ST T2 7N BNS TE AR T 4%
flHt 7 [D]. Kb IR K%, 2021. (LAN Ganzhou. Study
on Deformation Control of Underlying Tunnel in Foundation
Pit Excavation Based on Portal Anti-Floating Frame[D].
Changsha: Hunan University, 2021.(in Chinese))

(151 RIRGR, AR, X1 ¥, . 2T GUFHER 3T
T2 BN TE AR T (7], B A KA AR, 2022,
56(9): 1227-1237. (WU Huaina, FENG Donglin, LIU Yuan.
Anti-uplift portal frame in control of underlying tunnel
deformation induced by foundation pit excavation[J].
Journal of Shanghai Jiao Tong University, 2022, 56(9):
1227-1237. (in Chinese))

[16] WU H N, SHEN S L, LIAO S M, et al. Longitudinal

structural modelling of shield tunnels considering shearing

dislocation between segmental rings[J]. Tunnelling and
Underground Space Technology, 2015, 50: 317-323.

[17] CHENG H Z, CHEN R P, WU H N, et al. A simplified
method for estimating the longitudinal and circumferential
behaviors of the shield-driven tunnel adjacent to a braced
excavation[J]. Computers and Geotechnics, 2020, 123:
103595.

[18] VESIC A S. Bending of beams resting on isotropic elastic
solid[J]. Journal of the Engineering Mechanics Division,
ASCE, 1961, 87(2): 35-53.

[19] SHIBA'Y, KAWASHIMA K, OBINATA N, et al. Evaluation
method of longitudinal stiffness of shield tunnel linings for
application to seismic response analysis[J]. Proceedings of
the Japan Society of Civil Engineers, 1988, 398: 319-327.
(in Japanese)

[20] LIAO S M, PENG F L, SHEN S L. Analysis of shearing
effect on tunnel induced by load transfer along longitudinal
direction[J]. Tunnelling and Underground Space Technology,
2008, 23(4): 421-430.

[21] LEE K M, HOU X Y, GE X W, et al. An analytical solution
for a jointed shield-driven tunnel lining[J]. International
Journal for Numerical and Analytical Methods in

Geomechanics, 2001, 25(4): 365-390.

ke T hFESTREREMTE (1 SEHD

EDBAL PEIEESE LR RVRL S
APBRAL: BB TR, JT0A S TR E AR

e

WAL ZREEFR AN

SWER: B IRRE SR, MR R
RENE, TR T A TR RS R . R G R
DX, RERETTE. SIML mEAEHIX, AL K. AR5
FERIUTU R H, TREEB P IRIR S ks )24 5 TRE
Ao BeAh, ENHOERTTRL 2T, I REE RS
+ % 5 TR M MR A k. fEMF T, AR & B2
T ) 52 2% T REH BB AR IR A (07 22 5 TRR AT 5
FOMHRY, OuHEs) “—fi— B IRl Bt e vtk /) &
AT 2 2 S8 o SRR IR T 2 LS A i X

V|

N

Hb SR R R AT AT RS IR, A I St ] Py A G2
& LRRITANE2E S I AU 23

SWEZWE CEF AR T): ORS00 154
RAZHU) AR B 1 @REIETF AR A B AR I e ks 1)
JIFHREIE s B BN H AR T BRI )22 R B R
FLHT s @ X H Wb 5T 9 3 (0 R A LB R 5 v i o

2IYETIE. s 2024 4E 10 A 11 H~10 A 13 H, 2024
F10H 11 H ATD: AREM. #H)E], 2024410 H 12 H
A7) KEZEARIRE 5iH8 2024 4£ 10 A 13 HUEH): %
SRS CKMVLRA LS E+R U MRS G
VXA DR R TR R E B VR DA D, MR
JTVEEERK .

BEEAN: TUE (15207733161). R (13093554231).

(KedZe D





