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Flexural tests and numerical simulations of prestressed concrete pipe piles with
partial hybrid reinforcement based on support of foundation pits
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Abstract: When the prestressed concrete pipe piles with hybrid reinforcement (PRC pipe pile) are used as the supporting piles
of foundation pits, in order to improve the utilization efficiency of non-prestressed reinforcement, it is proposed to use the pipe
pile with non-prestressed reinforcement in the section as the supporting piles. Through the statistical analysis of the moment
distribution of the supporting piles in 80 foundation pit projects in Tianjin, the full-scale bending tests and finite element
analyses of the prestressed high-strength concrete pipe piles with partial hybrid reinforcement (PR-PHC pipe piles), the
feasibility of the sectional reinforcement and the bending resistance of the PR-PHC pipe piles are studied. The research results
show that the interval distribution of the bending moment of the pile shaft of single support row piles, inclined piles and
cantilever piles has regularity. The non-prestressed reinforcement configured in the section of PR-PHC pipe piles can improve its
ultimate bending bearing capacity and bending stifthess, and effectively improve the spread of pile cracks. The proposed numerical
model can better reflect the actual situation of the tests. In addition, the adverse working conditions that may be encountered in the
practical application of PR-PHC pipe piles are analyzed. It is proved that the PR-PHC pipe piles can be used to replace the PRC ones
in foundation pit engineering, which reduces the use of reinforcement and promotes the carbon emission reduction.
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Fig. 1 Distribution of maximum bending moment of three types of

retaining piles
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Fig. 2 Variation of maximum bending moment with pit depth
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Table 1 Ratios between position of maximum bending moment

and depth from surface to pile bottom

PR /m SRR % BREY% BB %
5 38.53 36.73 43.40
6 36.16 35.34 40.91
7 35.84 34.85
8 34.41 33.56
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Fig. 3 Interval distribution of bending moment of single support
row pile
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Fig. 4 Interval distribution of bending moment of cantilever pile
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Table 2 Average values of ratio of three types of retaining pile to

different bending moment areas

Y9 HuE, 05M,, 0.6M,,. 07M,. 0.8M,,
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Table 3 Longitudinal reinforcement of test piles
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Table 4 Flexural test results of specimens
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Table 5 Constitutive parameters of concrete
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Table 7 Comparison between simulated and measured ultimate

bending moments of pipe piles

P MRPRZHESE  MRPRAHERL  STUE/ B,
EHRS ;

JIAE/(KN-m) DM /(KN-m) 18
PRC-400-AB 188.68 174.39 1.08
PR-PHC-400-
AB (0-0.5) 188.68 164.50 1.15
PR-PHC-400-
AB (0.5-0.5) 188.68 168.82 1.12
PR-PHC-400-
AB (0.6-0.6) 173.60 164.88 1.05
PR-PHC-400-
AB (0.7-0.7) 158.47 163.03 0.97
PR-PHC-400-
AB (0.8-0.8) 150.96 157.34 0.96
PHC-400-AB 126.59 123.00 1.03
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Fig. 11 Variation of maximum bending moment interval of 0.7
times with over excavation depth of straight and inclined piles
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Fig. 12 Variation of straight and inclined piles before and after

rainfall at interval of 0.7 times maximum bending moment
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