383 4l X B B % 5 I & Vol.38 No.4
20224F 12 JOURNAL OF TRANSPORT SCIENCE AND ENGINEERING Dec. 2022

NXEHE:1674-599X(2022)04-0065-07

SRR E R T A R T RSB 50

BRAR RS BT M S

(1. %3 T HaE 2B E R ARG 3 K17 41000052, Pk F L RIESFE, Hd ki 410075)

W OE NIRRT RSN G A W il T 5 S %) b 2 TR AR T LA s G it T rp BE A R T AR R A T
AR TE | 5% M 1E 5 138128 8 o ARYE US98 B 18 1IE 23, 5 10 1E & H 2 T BT 8 18 T2 5 L 1) b 2 A8 il
2RI Y R IR, 2 R IEAT 54 14 I R E AT I 5 R R T ) e TR A B 2R S A S R RS
T EERRA BETE RS LT AT R 2 VRS I e T A 30, S8 TR S AT, S0 T R A SR T EE I, 2
I BETE AL SE T 2 B bl TR RIS %

SRR T EERR I RS T o B BRI s Peck A0 Rk

HFESES U452 XERFRARAD : A

Study on deformation prediction model of the existing tunnel obliquely
crossed by new tunnel
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Abstract: This paper aims to explore the rule of formation settlement induced by the construction of
new tunnel obliquely passing underneath an existing tunnel, and to avoid the large settlement of the
existing tunnel affecting the normal traffic operation. The deformation curve of normal strata caused by
the excavation of the new tunnel is derived based on the modified formula for the width of settlement
groove. Then, based on the equivalent layered principle, considering the effects of structure stiffness
and the angle between two tunnels on the curve of settlement groove, the prediction formular is educed
for the deformation curve of arbitrary strata caused by the excavation of the new tunnel under an
existing tunnel. The reliability of the prediction formula is verified by the analysis of engineering
examples. This study can provide a reference for similar cases.
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the new tunnel

2) JA T M R R S R A Ak R 5
ARRIEAE 2B E 212 T T RUIESS I, 5
H B A B T TP AR AT T TR 99 57 A% A T 3R ik
W R

2
S(x) = 0.313V,D

X
K,(0.35h + 0.35h) + h;)

. (9)
Pl oK, 2(0.35h] + 0.35h, + h,
FUHR D R AR EH AR, my b, R R, R SR
R MR LE )RR msh, AR ZE R
JEEJE  m.
VTR ] — 25 50 3 BE A g N R XU A A
i £ 52 i (R ATF 9, 6 < WA AE 7 X5 Wb A Ak o < TR
IR 38 T8 dt hg il 5 BEA bR B E A S O .
Mz ik R S R 18 5 RE A bE 18 Rk se 45 H
AR O, R 22— 25T

3 HERBRERITTFRARETE
TR B A 5T
30 RATEMBETHEBRNTE
BN X BULAT 3 A S T B IE
Peck AP EE SR E MR, BT 247 R 4§
U T RE A U B R A IE A TG, AL
Wil R
i(z) = i,(1 = z/h)" (10)
Hrii, = Kohe
A n BRI AR 2 SR 5 ) Z 8, XA
P+ )2 n B BUEE I 7E0.35,0.85], % T-ib + )2
R IBE TG FELZE 0.85, 1.00] 51, Ayl FE 5T Al i 15
2 2R TN b )2 P b R 1 5 [ BB 8 5 K ok M SR DT A
Vi FR A h oA TR T R B SR RS PR
MR (1) ~ (3) MK (9) , o] #4542 AT IR
b T REAT BRI IS B0 T, 8 b G F 42 T 5 | R R 25 %
T HER x 1 Hl 2 TR R £

2
Sl = % %(31]31/10//1)"
- 2
’ . (11)
exp [ |

2K,2h*(1 — z/h)™
b AT R A Y HETR
32 BERSTTFRAERETETERNITE
2 )21 D P A B PR O B A A A s i R
P NP2 B g A SR TR U nT A e, )



68 x @ A

12 N T b S TR K B A5 AT . H R
SR BUZ MR ) 2 R R R R RS TR
N GG 7 BT 0 e < ) 2 9 = = 3 =954
A A LIS

ARG XN BRI SRR A
FALE BERE AT M by By eys 2 R JE R B
PERLEE YR E CEESE AR 530K hy oy TR
o, B2 RIS A, A S SRS R
E+—3.

o (pEY
h,' = ’“(,32};2) (12)
W T A SR

. [EY
h,' = h(E) (13)

LI @ N (S T8 =1 ST i N 1 R S B4
FIHR A T B a=0.33, T80 RSE N T8 i
W18 2 R A bR 0 A N, B a=0.50, A
SEME T BT EE R T AR AT 2F A K 1 DT RE AR
AU, B a=0.50

DAL= 2 e )2 ], sl 3 Rt BT
JE I N =R 2 MR Y AL bR R AT i e,
B S AR AR R

x'=x (14)

R

3 MABESFHEETE
Fig.3 Equivalent soil lager diagram of existing tunnel

IR (13), LIS =2 + N R, 424 2
Pl BB R R T HER = R

5 1 % 38 %
- 5oc &a
h' = h‘(E3) + hz(E3) + h, (16)
= h,' + h, + h,

KR EE R 2R 2 2 Y 2 I TR
SAEAE 3RO, W (15) . B L ZA0E:, s S
K (11).(15) . (16) , 15 B JE A2 fim [ Bt 3 2t ok
B IE 2SN A BT A2 DR i 2 T
S(x)= 0.313D%V, , y

’ ’ _ Z n
Ko(h'l +h2 +h‘%)(1 h|,+h2’+h3)

2
—X

exp [ i i ]
o (R +h,+hy)(1 —m)z"
(17)
MR R T AL RS T SRR R E Y, B IR B R RS
AR N 2 BT M )2 TN [E 5 m 255 5K(7) .
(17), AT A 3 My 24T 2 TR B8 Ak A Bk 0 A 22 T 2 B
A% E b2 TR I Z TR

O.313D2/\3L
S(x)= COos & X

Ko(hy"+hy"+hs)(1 )"

-
h,"+h,"+h,
12
exp [ ol = ]
2 ' ’ 201 _ 2n
2K, (h,"+h, +h,) (1 hl’+h2’+h3)

(18)

BEA BE T8 IR AR A7 #% Hh 263 3 =00
O.313sz\g$
S(x)= -
P h,"+h,’
K,(h,"+h, +h;)(1 —7}1] " hy +h,

_xrz

X
)u

exp [ ]

hl,+h2, )271
h,/+h, +h,

(19)

2K, (h, +h, +hy ) (1 -

4 SCHITGIE

AW B RS T T L A 0E 2 5 AP B
Sl — OIS i B sk DX [) 3 2 Bk 1 AR AE R 2B A A A 3
A 2 X [B) B A R T A D TR S g AT 1 5
Mo BEA % 18 5 0 A K 1 8 1 AR [R], R BE 48
A AR 6.00 m, )& 0.30 m, C50 TR EE+ ; F 50 B
Ab T R R 21.93 m, BEAG B 5 0T % 0
] [ FEh 2.26 m, R ol 23.2°, T % 18 F- T AH



% 4 1A

BAAD AT T F

PR 1% 8 T T TR AL A BT R 69

X7 B M WEAT 2 B W i A B AR 4 TR . R
BEEZA TR0 A 20 12 AR R L i
SER HR AR R R 14 MPa, AR LR 0.35, P EE 42
FAR 217, B S K 25 kPa. % T8 A 1) FH A7
mE s s,

AT
B4 PLAREE S AR EF @A AL E

Fig. 4 Relative position in plane of the existing tunnel to the

new tunnel
ES
8
B TR (B E53 N A A 2R g it
OEEL % 2
2 e °
8__
R P 2 SRR
=) AN
S
O

5 BRA R LA A e A AL B (4L m)
Fig. 5 Longitudinal relative position
of the existing tunnels to the new tunnels (unit:m)
F T WA o AR A (5 AR W A AN
D, R ro MRPGARL 12 nDRE BEAT R GE TR D
WIRE SRR S50 R 5, EARAT R D, B A5 280 s AT

SRR T R
wD* LT 4
By = EBZ[D - (D - )] (20)

A A4 R A e A (20)
FE RN AR e 6.40 GPa. 3K S50 1Y TR
B AN (16) 1, 246851 « H0.50, 1515 2]
REA BRE Fe 4 )2 5 R 128.28 mo BT 12 )2
KRR (O A B 2, R R R n=0.50 %
5 ) Ak AR R (10) H1, BUK,=0.50, 75 EI TR
T8 RE i=13.92 mo ARE R T 1L X AR A Rk b )2
NI V,=0.77%"" , #7 i Wk 18 5 R AT B 1 1 I R
232°, Bla = 90° - 232° = 66.8°., AFHEL)Z

P 52, HCAs = 1. XSG AKX (19) 1
A9 B0 A bR E R AC T 5 RE A R T IS AR AL 7
Y &, OF 5 AW B0 il Ze i AT X L, WAl 6
B 7 o
BEAE X i AR B S /m
-50 —40 <30 20 10 0 10 20

30 40 50

® UUFE{E/mm
o] [=)} ES 3]
T

ARy B e
= SIS

6 T L 5 FRBLA R TG I AT
Fig. 6 Comparison of predicted and actual settlements of the

existing tunnel

M6 0] LAt BEAT B G R Al Ak 0 22 1 55
SN BT AR AR AL, T e RDTRE 2SI O 15.82 mm,
S f5e K YR AE T H 16.07 mm, 4 AH 2 1.58%.
R ZE AR Y I A A A b R A M i TR i T
¥ DA R 22 4 TN T R A TR i 4 5 S T
P T, W6 R TSR PR, A IS IR BE AT
Wi 3 S A2 AR O 3 5 2 2XnT S AL A g A R
ST FTREM S

5 ZHig

AP FEARAE 22 e Peck 233X, T 205 HE,
L5453 DUREHE 58 BEAB 1E A5 203U RO JZ 401k R Y
16 1E R0, 4 1T A R B RSS2 AT i i
AT T B A . 13358 -

1) BEA % 18 B ]I R A B% 1 5 0 A B O Y
e SR JZ AR X7 T R A T AR LR
ANTA] o BEAT R 4 P 32 3 5 A LR ST, 23k
AL IR T 24 2 T TR T 2 5 AT B 1 5 et i
P 7 T A RO M SRR R T SO LR AR {EL

2) AWFFELL Peck A K KL, BT M ZK
B, 255 A 238 5 Peck A R 8 S HGHATOF
g, AL HE SRR TE R ST A BRIE 1 o0 M
W R UL IE i T 50 20, B R i T
i



70

5 T 2

% 38 %

3) AT PR T ARSI, AT 38 1) 2 300k

WA % T8 JES AR (07 A% S S AT T, A B B 45 2R
SN B A TR 2E PR TARE SR VEIE R N, ik T35
Ay ATEENE

£ 2 3k (References) :

(1]

(2]

(3]

[5]

(6]

B, XA  STANDING J R %3 T 2 BE A5 26 ) 22 451
ST S VIR T [T]. AR TR 4R ,2012,45(1)
134-141. (HAN Xuan, LIU Chengwei, STANDING J R.
Structural settlement of existing tunnel caused by new
tunnel excavated underneath[J]. China Civil Engineering
Journal,2012,45(1):134-141. (in Chinese))

Sl = Q VAN R G s | L e L o b S N
it TR AT B 3 AL I 4 i B O [0 ). 0 J12p 5 TR
iz , 2014, 33 (5) : 947-956. (WANG Jianchen, ZHANG
Dingli, ZHANG Chengping, et al. Deformation
characteristics of existing tunnels induced by excavation
of new shallow tunnel in Beijing[J]. Chinese Journal of
Rock Mechanics and Engineering,2014,33(5) : 947-956.
(in Chinese) )

XV, BROGTH, X 4SS . B bR E RS T R A T AL
W& TE AR T 3 A (). bR A 1S TR AR, 2021, 17
(1) : 263-272. (LIU Shihai, HE Meide, LIU Jiyao.
Deformation analysis on the existing shield tunnel
obliquely crossed by new tunnel [J]. Chinese Journal of
Underground Space and Engineering, 2021, 17(1) : 263-
272. (in Chinese))

SKRBOT AN, TR S SRR N g i O g
BRBE G A ) A2 IR LS BT [T]. A 4 J1 7%, 2015, 36
(S1) : 568-572. (ZHANG Qiongfang, LIN Cungang,
DING Zhi, et al. Theoretical analysis of vertical
deformation of existing metro tunnel induced by shield
tunneling under-passing in a short distance [J]. Rock and
Soil Mechanics,2015,36(S1):568-572. (in Chinese) )
DEORRE  EEAC, W44 45 R A BRI I P S b X R
A BB E N B L b [T, 417, 2016,37
(S1) : 391-399. (LIANG Rongzhu, XIA Tangdai, HU
Junhua, et al. Analysis of longitudinal displacement of
existing metro tunnel due to construction of above-
crossing new tunnel in close distance [J]. Rock and Soil
Mechanics,2016,37(S1):391-399. (in Chinese) )
FRORHE, BB BN, 55 B IR ER T B DI RO I B E T
R R E F R E AN 520 [T ], T2l (T
WZ ) , 2018, 52 (3) : 420-430, 472. (LIANG Rongzhu,
ZONG Mengfan, KANG Cheng, et al. Longitudinal

impacts of existing shield tunnel due to down-crossing
tunnelling considering shield tunnel shearing effect [J].
Journal of Zhejiang University (Engineering Science) ,
2018,52(3):420-430,472. (in Chinese))

TEVE A8 200, 5 G H BEE T 28R 28t T R AT
Wk 5 T ) A R 5 R ARLL T ] BRTE 241, 2010,
32 (2) : 79-85. (WANG Yang, HE Chuan, ZENG
Dongyang, et al. Model test and numerical simulation of
influence of perpendicular undercross shield tunnel
construction on existing tunnel [J]. Journal of the China
Railway Society,2010,32(2):79-85. (in Chinese) )

T AT, £ 4R, 5 IR T S M TTZ T R AR
BT M (], L A2 R A eE 4, 2018, 52(12)
1594-1602. (ZHANG Mengxi, ZHANG Zisheng, WANG
Wei, et al. Discrete element analysis for instability of
undercrossing shield tunnel face [J]. Journal of Shanghai
Jiao Tong University, 2018, 52 (12) : 1594-1602. (in
Chinese))

i, A b JREIL . R B T T T % b SR AR T
mi (3], 38 B2 5 TR, 2019,35(4) : 63-70. (ZHANG
Jian, ZHOU Zhong, XING Kai. The influence of shield
tunnel construction adjacent to the existing structure on
deep soil displacement [J]. Journal of Transport Science

and Engineering,2019,35(4):63-70. (in Chinese) )

[10] BfEh, EhRG e, FARIN, A5 . B LM IX G 1 2 BB AT

[11

[12

[13

B A B D BUMEIE ()], 5 b TR 2R, 2012, 34(3)
520-527. (HUANG Dezhong, MA Xianfeng, WANG
Junsong, et al. Centrifuge modelling of effects of shield
tunnels on existing tunnels in soft clay [J]. Chinese
Journal of Geotechnical Engineering, 2012, 34(3) : 520-
527. (in Chinese) )

Th R UG , ] 1 5% , AR . 2 3t DRI A I A B 1T 5
G A R TR B BRI Y (7], VIR 2 B B A
2012,29(1):79-84. (MA Xianfeng, HE Lingiao, WANG

[

Junsong. Centrifuge modeling on the effects of shield
tunnel crossing below the existing tunnels in soft clay[J].
Journal of Yangtze River Scientific Research Institute,
2012,29(1):79-84. (in Chinese) )

1YY . JE R BRI TR 2 AR TR R 58 B R BT R 1 F
5% [J]. 2\ B 52 38 BL 42, 2010, 27 (4) : 110-115. (WEI
Gang. Study on calculation method of width coefficient
of subsurface settlement trough in shield tunnel [J].
Journal of Highway and Transportation Research and
Development,2010,27(4):110-115. (in Chinese) )

iGN SR 3N e S R ) e NP o E A STE N ]
Wk B | A 1Y 722 T RO A R AT 5 (T ). AR BRI R,



%49 BRI 4 AT AR AR T F AT R A TR AL AT 71

2020,57(5) : 99-103, 135. (ZHOU Zhong, CHEN Yun, (in Chinese))
(18] BRBHSCI , T S i AR G . 2 e g S O 8 1) i 40 it L
IR TR ik [T]. M 25 [0 5 TR 44, 2013, 9

(1) : 155-160. (OUYANG Wenbiao, DING Wengqi, XIE

MIAO Linwu. Study of equivalent layered method based
prediction model for deformations caused by construction
of new tunnels undercrossing existing tunnels [J].
Modern Tunnelling Technology, 2020, 57 (5) : 99-103,
135. (in Chinese) )

[14] O'REILLY M P,NEW B M. Settlement above tunnels in

Dongwu. Calculation method for settlement due to shield
tunnelling considering structure stiffness [J]. Chinese
Journal of Underground Space and Engineering, 2013, 9
(1):155-160. (in Chinese))

[19] IR, Nz 5, KWL, % . R 900 T2 m B B i
I JZE R BLRS A AT A [T ]. 3T 25 8] 5 TR 240, 2016,
12 (S2) : 678-683. (WANG Jianchen, LIU Yunliang,

the United Kindom-their magnitude and prediction [C].
London: Institution of Mining and Metallurgy, 1982(82) :
173-181.

(15 Sde . R Tt T 5 A 53 A6 B o s 5740 720 I TN 14 52
MJ55E (D). P62 . P92 BT R %%, 2007, (HAN

Xuan. The analysis and prediction of tunnelling-induced

ZHANG Dingli, et al. The displacement solution of

o ] ) ) o existing tunnel and ground by traversing construction[J].
building deformations [D]. Xi'an: Xi'an University of

Technology,2007. (in Chinese) )

[16] 2 R, AR, 2hd . BRE IHZ2 5 DR L2 DTREAE Hh £k
AT 5], A 1015 ,2004,25(10) - 1542-
1544. (JIANG Xinliang, ZHAO Zhimin, LI Yuan.

Chinese Journal of Underground Space and Engineering,
2016,12(S2):678-683. (in Chinese) )
(20 ] FHE . i Ha B 8 T I 28T 2 R AT R 3l 52 e ML B T Y
[D]. b b 50 2838 K% ,2020. (YU Qun. Study on the
Analysis and calculation of surface and subsurface influence law of shield tunnel under-passing the existing
settlement trough profiles due to tunneling[J]. Rock and tunnel at short distance [D]. Beijing: Beijing Jiaotong
Soil Mechanics, 2004, 25 (10) : 1542-1544. (in University, 2020. (in Chinese))
Chinese)) [21] SKRELT . MR 56 T A B £ B F
[U7] A0 SRR 2 4 5 . 9 KR 4 5 FEIDL "M < 4 BT K% 2020. (ZHANG Sheng
SRR A AT I [ T]. S F 2k S TR 2R, 2009, 28 hong. Study on the effect of shield tunnel undercrossing

(3) : 500-506. (SUN Yuyong, ZHOU Shunhua, GONG construction on the upper existing tunnel [D].

Guangzhou: South China University of Technology,
2020. (in Chinese) )

Quanmei. Distribution of deep displacement field during

shield tunneling in soft-soil areas [J]. Chinese Journal of

Rock Mechanics and Engineering, 2009, 28(3) : 500-506.

(RERE: TR BRI R ; X i BRI

(EEH64T)

Static elastic stability of long-span railway steel truss
flexible arch bridge [J]. Journal of Transport Science and

Engineering,2018,34(4) :16-21.(in Chinese) )

(10 A 52 2 i MU e B A BR A w1 . 2 B9 Ik s 130 P L

0 :JTG D60—2015[S]. b5t : A RAS i itk , 2015.
(CCCC Highway consultants Co., Ltd.. General
specifications for design of highway bridges and culverts:
JTG D60—2015 [S]. Beijing: China Communications
Press,2015.(in Chinese) )

(1] SRUEE, FEIEEE oSz RPN AR R B LR

ELT] A RE,2021(1):95-98,103. (WU Haijun,
TANG Haitao, HE Li. Geometric nonlinear stability
analysis of steel box basket arch with large inclination
angle[J]. Highways & Automotive Applications,2021 (1) :
95-98,103.(in Chinese) )

(2] A2 R VAR R e M AT ST 5E [ D 1. K% - K%

B T. K 2%, 2003. (DENG Antai. On the stability of
tongwamen bridge [D]. Dalian: Dalian University of
Technology,2003.(in Chinese) )

(REHE: TH ;B3 Fhk BRIKE ; RICHE : FRIEK)



