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Deformation of a Collinear Tunnel Induced by
Overlying Long-Distance Excavation
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Abstract: Overlying excavation will inevitably cause uplift of the existing tunnel due to the stress relief and
rebound of soil, and the impact will be more significant when the long-distance is in line. Based on the
Timoshenko simplified model of tunnel which considers the shearing dislocation between rings., and
combining with the Winkler foundation model, an analytical model for soil-tunnel interaction analysis of
overlying excavation was established. Based on the superposition principle, the model proposed was
applied to a case study of tunnel deformation induced by overlying long-distance collinear excavation. By
comparing the calculated results with the measured data, the accuracy of the proposed model was verified.
The analysis results show that after the construction of the upper main structure, the uplift deformation of
the tunnel has significantly decreased, but the local differential settlement increases, resulting in a
significant increase in the internal force of the tunnel and the deformation of the annular joint. The
groundwater leakage generally occurrs not at the location with the maximum uplift of tunnel, but between

the location with the maximum opening of joint and the location with the maximum shearing dislocation.
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As a result, not only the total deformation but also the opening and dislocation deformation of joints

caused by differential settlement should be concerned in practice. Although the shear deformation generally

accounts for about 21. 41% of tunnel deformation, the induced shearing dislocation is significant compared

with the opening caused by bending, which can be more important for waterproof in joints. The analytic

model should not neglect the shearing deformation of the tunnel.
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2-3 87 9.21 2.47 26. 86
2-3 198 16. 32 5. 10 31.23
3-2 87 9. 20 2.39 26.00
3-2 179 16. 40 1.61 9.83
4-4 87 8.95 0.91 10. 13
4-4 141 20. 28 3.28 16.19
4-4 212 19. 49 4.23 21.72
4y 21. 41
3 ik
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J5 KR B I DT A2 51 R 0 He 4 R B AR Y 4y M. dE i
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VSR T 25 R BT ) A 5 AR TR 1 e o

S & LAk

[1] CHENRP, ZHU J, LIU W, et al. Ground move-
ment induced by parallel EPB tunnels in silty soils
[J]. Tunnelling and Underground Space Technology,
2011, 26(1). 163-171.

[2] CHANGCT, SUNC W, DUANN SW, etal. Re-
sponse of a Taipei Rapid Transit System (TRTS)
tunnel to adjacent excavation[J]. Tunnelling and Un-
derground Space Technology, 2001, 16(3) . 151-158.

[3] HWANG R N, CHEN B'S, WU T E. Damages to
metro tunnels due to adjacent excavations [ DB/OL].
[2020-01-15]. https://link. springer. com/chapter/
10.1007,/978-81-322-2377-1_25.

4] FEile, X, hati, 5. EITIFZ LR E E i
BB AT L) ] AR AEF, 2016(7): 2004
2010,
WANG Lifeng, PANG Jin., XU Yunfu. et al. Influ-
ence of foundation pit excavation on adjacent metro
tunnels[ J]. Rock and Soil Mechanics, 2016 (7):
2004-2010.

[5] CHENRP, MENGF Y, LIZC, etal. Investiga-

tion of response of metro tunnels due to adjacent large



706 E B X B X F F R 555 %
excavation and protective measures in soft soils[J]. OU Xuefeng, ZHANG Xuemin., LIU Xueqin, et al.
Tunnelling and Underground Space Technology, 2016, Analytic calculation method of underlying tunnel de-
58 224-235. formation caused by excavation and dewatering of up-

[61 WkEZE, sk&vE. SpiG0E, 55, HESMEEE -5 per pit[ J]. Journal of the China Railway Society, 2019
SUTZE G- B[] & £ %, 2018, 39 (3): 147-154.

(7): 2318-2326. (13 JEAE ., fariR. ¥ 48, FRIAAE 6 200 T E 5T I3
YAO Aijun. ZHANG Jiantao, GUO Haifeng. ez al. AL I 3 M Ak G M BB AR Y e R i SR T R E%
Influence of unloading-loading of foundation on shield ERE, 2016, 37(3): 53-60.

tunnel underneath [ J]. Rock and Soil Mechanics, ZHOU Shunhua, HE Chao, XIAO Junhua. Energy
2018, 39(7). 2318-2326. method for calculating deformation of adjacent shield

L71 AW, fh—ng, J4, &, BT 5] 48T BE A b tunnels due to foundation pit excavation considering
EAEKEMX R[] 5L ITEFEHR. 2016, 38 step between rings[ J]. China Railway Science, 2016,
(4): 599-612. 37(3): 53-60.

ZHENG Gang, DU Yiming, DIAO Yu, et al. Influ- [14] JABEM. BRFER, B0, &SI 42 X403 b 18 %
enced zones for deformation of existing tunnels adja- MRSt A l]]. S hEFE, 2017, 39(4).
cent to excavations| ] ]. Chinese Journal of Geotechni- 1440-1449.

cal Engineering, 2016, 38(4) . 599-612. ZHOU Zelin, CHEN Shougen, TU Peng, et al.

L8] FBNI, XIPKR, XBJE. FBTIFEXT T Mg 5 i b B Coupling method for analyzing the influence on exist-
EHNBE T SEEEMMRLI] 5L HhF, ing tunnel due to adjacent foundations pit excavation
2013, 34(5): 1459-1468. [JJ. Rock and Soil Mechanics, 2017, 39(4): 1440-
ZHENG Gang. LIU Qingchen, DENG Xu. Numeri- 1449,
cal analysis of effect of excavation on underlying ex- [15] T, LimMkEWBENMZE S0 T
isting metro tunnel and deformation control[ J]. Rock TITRERE, 2009, 19(4); 1-6.
and Soil Mechanics., 2013, 34(5). 1459-1468. WANG Rulu. Analysis on the longitudinal deforma-

[9] NGCWW, SHIJW, HONG Y. Three-dimensional tion of shield tunnel of Shanghai Metro[ J]. Under-
centrifuge modelling of basement excavation effects ground Engineering and Tunnels, 2009, 19(4). 1-6.
on an existing tunnel in dry sand [ J]. Canadian [16] WU H N, SHEN S L, LIAO S M, etal. Longitudi-
Geotechnical Journal, 2013, 50(8) . 874-888. nal structural modelling of shield tunnels considering

(101 skEAs, AR, $iARA. AEXTFRIESTIFZ X Fb i shearing dislocation between segmental rings [ J ].
BREEE WA E IR [J]. S HhFE. 2018, 39 Tunnelling and Underground Space Technology. 2015,
(7). 2555-2562. 50. 317-323.

ZHANG Yuwei, XIE Yongli, WENG Musheng. [17] TIMOSHENKO S P. On the correction for shear of
Centrifugal test on influence of asymmetric foundation the differential equation for transverse vibrations of
excavation to an underlying subway tunnel[ J]. Rock prismatic bars[J]. The London, Edinburgh, and Dub-
and Soil Mechanics, 2018, 39(7). 2555-2562. lin Philosophical Magazine and Journal of Science,

LIDD JAPEMR, WRAFMR . WRSE, 2. FESUME T X Fib i 8k bX 1921, 41(245) ; 744-746.

i R m R )] AT TESER, [18] LIAO S M, PENG F L, SHEN S L. Analysis of

2015, 37(12) . 2224-2234. shearing effect on tunnel induced by load transfer

ZHOU Zelin, CHEN Shougen, CHEN Liang, er al. along longitudinal direction[ J]. Tunnelling and Un-

Analysis of uplift deflection of subway tunnel due to derground Space Technology, 2008, 23(4) . 421-430.

adjacent pit excavation [ J ]. Chinese Journal of [19] YINJ H. Closed-form solution for reinforced Timo-

Geotechnical Engineering, 2015, 37(12): 2224-2234. shenko beam on elastic foundation[J]. Journal of En-
[12] BRF M, k2ER, X%, 2. s S58KkslR gineering Mechanics, 2000, 126(8): 868-874.,

RN AR B AT ROk T ] BB F R, 2019
(3): 147-154.

OR 9 8 . Rt %)



