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Comparative analysis of influences of different deformation modes of retaining
structures on deformation of existing tunnels outside excavations
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Abstract: As more and more subways have been constructed and put into operation, control of the influences of the adjacent
excavation on the existing tunnels becomes more and more important. Both the deformation characteristics of the existing
tunnels at different locations and the influenced range of displacement caused by four deformation modes of retaining structures
are analyzed through FEM modeling. The results show that under the situations of different deformation modes of retaining
structures with the same maximal horizontal displacement, the deformations of the existing tunnels outside the excavations can
be considerably different. According to the vertical deformation characteristics of the vault and invert of the tunnel, the soil
layer outside the excavation can be divided into three zones, i.e., settlement zone, transition zone and heave zone. The effect
zone on the deformation of the existing tunnel caused by the cantilever deformation of retaining structures is the smallest; for
the convex and composite deformation modes, the ranges are similar and their distribution is larger than that of the cantilever
deformation mode; the influenced range caused by the kick-in deformation mode is the largest among these four modes. In
practice, besides controlling the maximum horizontal displacements of the retaining structures, the deformation mode of the
retaining structures should also be optimized according to the surrounding environment, and the kick-in deformation of the
retaining structures should be avoided.
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Table 1 Typical cases of excavation construction in proximity of adjacent existing tunnels
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Fig. 1 Typical profiles of deflection of retaining structures
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Fig. 2 Dimension of FEM model
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Fig. 3 Comparison of curves of ground surface deformation
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Fig. 4 Deformations of tunnels at different locations and classified zones caused by convex deformation of retaining structures
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Fig. 7 Deformations of tunnels at different locations and classified zones caused by cantilever deformation of retaining structures
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o WCRH I RO % 5 7 e FHR Il e A1 1 SR RN 2 1) el b
i [ KPR 45 TRLIE 4 P85 g 2 2 A T AR T e
/ﬁfmffW7“”“ 0.50 425l PRl s R T = LR (A S, aE S ST A R
wwlrs |0 F RS BUPNIF A
/] ¥ 1-00§ HiR
N s ﬁ
125
Y 0.50
AT 150 & | (
» » ° ’ :E:. 8 3 0.75
ha 175
o g 1.00%
2.00 =
125
225 & § ey
W] 1.50?3‘
04 06 08 1.0 12 14 1.6 18 20 1_755
R 18 b L BE B S M BE B/ E TR xR
(a) BRAKFLE 2.00
Hik 225
BAT: mm
2.50
0.50 04 06 08 1.0 12 14 16 18 20
’ P& 3E 0o BE Bl M BE S / R
0.75 (a) KPR R R R R LR
1.00%
= HE
1258
<
150 % 0.50
1.75% 0.75
pid
2.00 1.00%
R
225 1258
<
2.5 1.50%‘
04 06 08 1.0 12 14 1.6 1.8 2.0 3
P L BE B S PR B / R SIR B 1.755m
() BREFHAE zw&
11 BERAMNBEEEY T '
Fig. 11 Contours of maximum displacement of tunnels . 225
. mm
S, LIS B — e R 5 e A AP i Ze gz il o 0406 08 10 12 14 16 18 20 >°
MESE A B F, PRSI 10 mm A 20 mm el

(b VIR R
DR IERE-S(eNee P N i1 E1F S B N IR s e B



+ TR

25
%

i 2015 4F

1190 %
HE

0.50

i

3 075
1.00%
- EBRX 3
125
——=20-—— YKL 59
a0 VISR | 50T
J e R <
/ —10— KTRBERS] | 15 E
53m
Lk ®

_____ RB%RL | 2.00

BAER 225

B mm

04 06 08 1.0 1.2 1.4 1.6 18 20
R r Lo B Rl S MO B S / B LR
(o) KPALB RUIMELRA LR

12 BERIBE XX 5

Fig. 12 Influenced ranges of displacement of existing tunnels

HE AR E S SR, KA ILE] 45
mm [N, AN [E7 AL TE ) 7K 1R ) AR S
BRAEZ074 9.75 mm, 28/ T 20 mm FRBE TE WS )
B AL ZE R KLY 1.68 mm, B/ TP
2 mm FJEZEEME. SN BRSO, XAk
ANTRIE T ALk FA) B A B [ P 2 S I R T 7 2
W ALRS, JCHIE A AL A RE S RTINS o T- BB AL
IR TR P v 2 A 12 D7)
3.3 BMETRAEN TRRE TR0 XEE

B 13 RS TR, BUAMAN AL B AL R AT
BEIE AL B SRR 2y R BB CRIB IR 200 f): K
14y i I RS BE 3 7 25 10 B KK P 8% Rl e K
R AR A E A

Zitr P 13, 14 WTLUH Y, A SR LG AR
JEIS, DUANEE A AR 5 A B AR AR B 7

L=0.33H L=0.5H

Y
i -169 -20.6

[ A
164 175 172 180 178
H=18m Hi=0- } 3’
10 -150 -214
A
84
H=1H qﬁ

F Y
-19.0 -12.0

Hihg

r

3
25 19.0 -11.6

p == 3
-39 -
a3 r A H, .

40

Le=0.67H

335.5 287, 3145 74 321
166 -186 188
P S A
b 4. 17 425 om=meTT .65 -40
30 87 139 20. - 10.7 37 61 25
o 370 g}zo.s 385 3 Ea- D ; E#} ‘
ot 118 o 31 04 03 03
- i A
i 30 : ; /s
¥ a_ngaa 3. . 59 633 o
26 o TR X

e fy 9.7 133 66 5 50
15 34
" L i r b
60 50 40 30 20 10 0 S - I 05 . .0, :;
PR TR mn g ome — (T o« (% o  @¥ = . ) ‘ ( )
62 51 57 5.1 55 40 51 6™~ 45 30 39 23
34 26 20 16 Ml 0s 05

SR TN, HAR TR A S A
BORBIANA o B RS R T ™ A e K KA 1)
RBEN THURLLU N — @R E, Him T Fl 2 i,
FEALJRA, 3 B B A R Iuah AR KA 7
WA, AR BAREII SR, Bia AR iRk
SPALAS N BAEREIS, HF HBEE AP EE N, ik
KPR BT ) FRRe, TMAESERr, BEIEEH
Fl4 S M AE e — R, DR s KoK B A7 B
TERIRIRBE LA bo 2B A TE BRI R, Buohbg
TG HETTURNHE JEC38 7 A= R 1R X 38 5 P T 2R A L AR S
Hhn,  REIE TR R R RO, AR R AR it
PED R L XA B I 1) N, I HRE W W e
No TR, BEIE B S AHRAR T 5 P A B Al 2
I, JUHORAERR R kg, AR R . (H43
R, XTI AR R RS, 52 8 Rk
SPBF AR FH I, B R IN A B i) bz KT e 4 (1)
FHXSARTE s 5 BRI il 1 50 I T 88 1) s 448 7K PR A 17
BICAR I, AHARTE RN

VAT, UE R B TER, K5k
GUANBERE = A MR 2L AR T, IR T 55 eI L Bt
T (PSR RETE AR AR, I S b

B 15 A AR, BRI AS 5 M X R 4 7 i
Bl 5 BUCAR LG, 2 I RS T R T A B8 4
SRS T 2 35 FH R 3 IR 5 KA S 43 A S5 2 25
Gzl s, )2 DT RS e 42 1 T R 2 ) 7K
BN LA N, BRI T b IE
DS ACEA #4503k %) 10 mm AT 20 mm [K7KF
TR BRI LG ™ A B R rR s o, IR iR 5
W ¥ ], S SR T A7 S ik e RN 4 T e AR DT T2
TREE VL 1) DR35S R S A G A B, ] AL
TRUREART ST A1 R E 11 18 ) 22 B 52 e 5 e 24

L=083H L=1L17TH L=1.5H
186 19

& »
14 -25.0
0 18 42
1 <

3]8.2 178 31?3 145
-138 -14.0 -151 43
b

-134 1.2
149 53 86 9

-39 - <16

-"'--F

HLRE: mm

13 BEEERT, FRMELRETHEFESXTEE

Fig. 13 Deformations of tunnels at different locations and classified zones caused by kick-in deformation of retaining structures
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