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Abstract: To investigate the dynamic impact of straddle-type viaduct construction on existing metro tunnels, this study takes
the Wangsheren Station to Wangsheren North Station section of Jinan Metro Line 6 as the engineering background. Field tests
and numerical simulations were conducted to systematically analyze the deformation patterns of tunnels under the multi-stage
coupled effects of “pile foundation excavation, foundation pit unloading, and bridge superstructure loading.” The findings
reveal that: (1) Foundation pit excavation induces significant tunnel uplift (maximum 4.62 mm), accompanied by horizontal
contraction (maximum 1.74 mm) and vertical expansion (maximum 3.25 mm). After bridge loading, the tunnel subsides, with
horizontal expansion and vertical convergence observed. (2) The clearance between the tunnel and foundation pit significantly
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influences uplift deformation: as the clearance increases from 6.7 m to 20 m, the uplift decreases from 5.74 mm to 0.90 mm

(approaching zero at =15 m), while subsidence remains stable at approximately 5.2 mm. A clearance of =12 m is recommended

for risk mitigation. (3) Stratigraphic characteristics dominate deformation responses: silty clay layers exhibit greater uplift during

excavation (+1.2 mm), whereas gravelly sand layers experience more pronounced subsidence during bridge operation

(—1.5 mm). Deformations in moderately and slightly weathered rock strata are negligible. (4) Interval construction of multiple

pile caps reduces subsequent excavation-induced uplift (with a 12% reduction for the second pile cap), supporting a “alternate

excavation” construction strategy. Innovatively, this study proposes a deformation prediction model based on stratigraphic

heterogeneity, which overcomes the limitations of traditional homogeneous assumptions and provides a theoretical foundation

for optimizing the design and risk assessment of straddle-type viaduct projects.
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Figure 1 Bridge Pile and Tunnel Interval Location
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Figure 2 Automated monitoring data
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Figure 3 Automated monitoring of radial convergence
3.2 MHSHERE

TERUA VS, MR AR & MBS T 4o iR B >R ]
Lep PRI RA o FEGU SO P IR A5 R W 2
BEATHTSL, AR TR . RGBT A SR BE
FH R B TR 2SS AR T e Kl oy BRRAU R
B T &G MRS S50

AR A 2042 G (Embedded Beam Element)
(LS R v (B U M )i e w11 T Ll N X S N
TARBIAITLAE S, DR 5 RS AN B 75 5 5 BHL T £
I AREE o

TR P UL 5T, IR IBPEA R K AR
B2 RTL ) A B R s A TP S R W Y Y
AR AR O 1) D B X LA b 2 HISS B 234
WIME, e AR TR RS, Y eE &+
JERIWIMES . I NEFE T T B O s
ROHT, T SRR S (N B . B B
5 AR s IR AR A I 2 R AR e AE LR
b AR S, A BB AU PR AR
S M BEH R 2N T 5% EETUTE B B
8 4.58 mm, WA 4.62 mm). HARIEAR LN : LL
L W DA A, AR U - R I B 2 B iR i
A, R TR IR B RITEE10% A, H R B 5%
MRZEG L ER . AL G R Ek . RS HU
JEEL B RO 1 K 2.
3.3 HELiE
331 HEIRRTE

RT3 M7, AEAIIR N ) - F T2 B T S

URBAN RAPID RAIL TRANSIT 91



ETHIRBIZE - F39% F 25 2026 4 H

50 S Bn L OURE 2R A8 B X oy TR, B

[ WAL Bt A2

SR 4 Fom R1 BHRFREWITHSH

3.3.2 HHALA SHEERR Lo Table 1 Stratigraphic physical and mechanical parameters
BRI i U B 56 AN 24, 4RI -_—_

ANTF TBL T BEAE A 1) 255 5 R AR, I 5 P, 3.15 2400

BEIEAL T foe K AL T HEGTIE T 5, BT ET?‘Tﬁ i Cs0 3.45 0.2 2400

N I RS BEAT B B, SN TRt T TR R RS Lpies 2 0 750

x2 WRYBHFSH

Table 2 Stratigraphic physical and mechanical parameters
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Figure 6 Numerical simulation data and field monitoring data
41 AEERSBESESWSH

ARG FEGT S BRE R Bk T T R AR
s, DRI AR B R TR By B 34 RS 5 M P AR T ) T
REMA R 2 o 4565l bs TRE, EHGAEE 6.7, 8.05 10.0+
12.0 15.0+ 20.0 m 3t 6 A To0, HoAt A& 5 52fr T2
TR o

DASHETTUN M - 2B AS [ il 0 1 B 8
R R B Az SR e th 2, il 7 Fro, AEAN Rt
R, ANFRGER T WA AR EE T BR
AR 7 5 W R, BETE 4 BEBOK, FEHUIT 20 BRI Y
NN, BEE AR AR, iR
THEEET 15 m I, ABEIET 0, @UCTRPIER
MR T ECEE T 12 m 1095 e vk AR i AR o AN A 1
HUF, BEE NYURE T 5.2 mm, 5L K.

6r —=— 6.7m
—e—80m
sk —4— 10.0m
—v— 120m
—— 150m
21 —4—200m
g
£
E
2
,2_
4}

-6 1 1 1 1
BEREIGAE  FEHUMZE RGN PRERET pRRRiEfT

it T2

(a) M55

or —=—67m —=—67m 16
——80m —*80m
—4—10.0m —4—10.0m
ar —v—120m —v—120m74
——150m - 150m
—4—200m —<4+-20.0m
g 2t B £
£ £
z O 1° &
W t@
e =
2‘4- 172 %
-4+ 1-4
-6 | | | | | -6
BESGHAE  JEHUUHZ RAME YRR AFRELT
it T2
(b) PR IEHEL

K7 ANTR] R R 8 ) A A% 55 4% T WAL
Figure 7 Vertical displacement and radial convergence
of the tunnel with different clearances
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