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Numerical analysis of deformation behaviors of underpinning piles
during excavation
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Abstract: The finite element method is used to analyze the effects of excavation on the behaviors of underpinning piles in
excavation area. First, numerical model is adopted to simulates the interaction of structure-foundation-soil and estimate
negative effects of the rebound deformation of underpinning piles on the top plate. Based on the deformation and bearing state
of the underpinning piles, the adjusting deformation from oil jack is available. It is demonstrated that a constant level of load
should be applied to the top of the underpinning piles so that the top plate has the “zero” additional deformation. During the
process of loading adjustment, the axial force at the upper part of the underpinning pile increases and the axial force at the
lower part decreases as the depth of excavation increases gradually. When the depth of excavation is over 5 meters, negative
skin friction occurs at the lower part of pile and results at the axial tension in the bottom.
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Fig. 1 Change of axial load during excavation
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Fig. 2 Structural plan of platform
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Table 1 Soil parameters

/) v
®, Jeit 2.7 6.0 200 031 3

o + 2E  hWm c/kPa E/MPa

®, =t 23 8.0 180 032 25
®; WL 14 7.0 5.0 0.33 1
@, ®WhEkht 1.7 7.0 260  0.32 7
@, wWrmt 3.5 8.0 250  0.32 6
@, wWrmt 55 8.5 30.0 030 10
@3 Wb 3.2 6.0 33.0  0.26 13
@, Wkt 2.7 7.0 26.0  0.31 7
®), Wb 5.1 6.0 340  0.26 15
®, WEFL 24 7.0 29.0  0.26 8
® wFE#EL 23 150 170 0.36 4

® Kt 74 305 175 0.30 1

V-G Gh R SR R TR B L AR g, LT
SNy PR E=2.5X 10" MPa, WAy =0.2,
FJF y =25 kN/m’,

X SR & ST AR AT, FLRSE R 80
mX42 m. FEBE 02 m, TFEM R4 0.7 mX
1.2m, K%K 035mXx0.75 m, HEZEAE R 1.0 mX¥0.8
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Table 2 Pile displacements at different excavation steps
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Fig. 4 Relationship among displacement, axial force of pile and

excavation depth
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Fig. 5 Axial forces of pile at different excavation steps
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Fig. 6 Side frictions of pile at different excavation steps
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Fig. 7 Axial forces of pile at different excavation steps
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Fig. 8 Side frictions pile at different excavation steps
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