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Deformation Analysis of Bridge Pile Foundation of Metro Shield
Tunnel Side Passing Existing Railway Bridge at Different Angles
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Abstract: When a subway shield tunnel passes through an existing railway bridge on the side, it will
have varying degrees of impact on the bridge pile foundation, and different angles of passing will cause
different deformations in the soil and bridge piles within the intersection range of the two. Based on the
construction of a shield tunnel under a railway bridge in the northern section of Tianjin Metro Line 4, a
three-dimensional numerical analysis model of the tunnel soil pile foundation bridge system was estab-
lished. Combined with actual engineering measurements, the impact of tunnel excavation on the bridge
pile foundation was analyzed for four lateral crossing conditions at angles of 85°, 80°, 76°, and 70° be-
tween the tunnel and the railway bridge. The results indicate that changes in the crossing angle will have
varying degrees of impact on the deformation and stress of bridge pile foundations. The smaller the
crossing angle, the greater its impact on the deformation of bridge piles, and there exists an optimal
crossing angle. When the optimal crossing angle of 90° cannot be selected in practical engineering, se-
tting isolation piles between the tunnel and bridge piles for reinforcement can effectively reduce surface
settlement and pile foundation deformation, thereby protecting the existing bridge.
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Fig. 1 Plane schematic diagram of shield tunnel and

adjacent railway bridge position
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Fig. 2 Sectional diagram of site strata and pile foundation
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Tab.1 Calculated parameters of model

R JZ)E/m /(KN - m™) MR/ MPa RALL  NEEEEM/(°)  RRERJ1/kPa
b 4.43 17. 00 8. 00 0.35 12. 00 10. 00
©, ¥mFEE+ 13. 41 19. 80 15.20 0.30 12.00 25.00
®, #reb 7. 00 17. 00 15. 00 0.33 28.75 16. 00
©, ¥EE+ 18.74 19. 80 15. 60 0.30 15. 00 26.00
Hh — 25.00 3.55%x10* 0.17 — —
&5 — 247. 00 2x10° 0.17 — —
T 3 — 20. 00 3x10* 0.20 — —
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Tab. 2 Calculation results of pile foundation with different side crossing angles
T U,, ¢ /mm U,, ¢ /mm U,, s /mm N, ,/kN M,, ,/(kN - m) M,, o/(kN - m)
85° 15.8 2.1 2.1 1319 32.5 132.0
80° 15.9 2.3 2.1 1362 51.2 132.4
76° 15.9 2.2 2.1 1278 35.6 136.5
70° 16.2 2.4 2.2 1 396 49.5 148.2
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Fig. 7 Schematic diagram of the layout of isolation piles in the section of a side crossing railway bridge
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Tab. 3 Calculation results before and after bridge pile foundation reinforcement

T M4 g /mm M4 g /mm M, s /mm N, ,/kN M,, ,/(kN - m) M, ,  /(kN - m)
JRA 15.9 2.2 2.1 1278 35.6 136.5
JniE 5 6.5 1.3 2.0 1 305 40. 4 94.6
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measured value of No. 4 pier deformation
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