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Critical buckling capacity of piles with different pile-head constraints for
excavation beneath existing foundation

SHAN Hua-feng" %, XIA Tang-dai’, YU Feng’, HU Jun-hua®
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Geotechnical Engineering, Zhejiang University, Hangzhou 310058, China; 3. School of Civil Engineering and Architecture, Zhejiang
Sci-Tech University, Hangzhou 310018, China)

Abstract: The constraint conditions at pile head are assumed based on the case of Zhejiang Hotel Expansion Project, and then
the deflection functions under different constraint conditions of pile tip and top are introduced. The total potential energy of
pile-soil system is established based on the Winkler’s elastic beam theory. The expressions for the critical buckling capacity
pile foundation under different constraint conditions are deduced by using the minimum potential energy principle. On this
basis, the influence factors for the critical buckling capacity of pile foundation under different constraint conditions are
analyzed. It is shown that the critical buckling capacity of pile foundation converges with the increase in the half-wave number.
The convergence rate of the fixed pile head is the fastest, that of the hinge takes second place and that of the fixed with sway is
the slowest. The constraint conditions at pile head affect the critical buckling capacity. The ratio of the critical buckling
capacity of fixed pile head is the largest, that fixed with sway takes the second place and that of the hinge is the smallest at the
same excavation depth. The ratio of critical buckling capacity of fixed pile head decreases slowly with the increasing
excavation depth. However, the ratios the hinge and fixed with sway at pile head decrease rapidly.
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Table 1 Physical and mechanical parameters of soils
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®, 3 N 5.1 17.7 9.0 12.0 20.0 0.35
@, TRV TR L 11.5 17.9 11.2 19.5 17.5 0.35
®; W& £ 6.0 17.1 19.6 7.0 15.0 0.35
@; L 5.0 19.0 37.0 14.5 36.5 0.35
® MR L 5.0 18.9 35.0 16.0 35.0 0.35
®, it 5.4 18.0 52.5 9.0 22.5 0.35
®, R LA — 22.0 450.0 53.0 75.0 0.25
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Table 2 Deflection functions under different boundary conditions

between pile tip and top
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Fig. 1 Effect of half-wave number on ratio of critical load under

different pile-head constraints
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Fig. 2 Effect by the ratio of critical load with different constraint

condition at pile head under different excavation depth
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Fig. 3 Effect of different excavation depths on ratio of critical load

under different constraint conditions at pile head
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