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Compressive-flexural behavior of scalable reinforced cage cast-
in-place piles
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Abstract: The scalable reinforced cage cast-in-place pile (S-PC pile) technology effectively solves the problems
of low construction efficiency and unstable quality of reinforcement cages for traditional reinforced concrete cast-

in-place piles (RC piles) in confined spaces. However, the reinforcement cage structure of this new-type pile
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foundation differs significantly from conventional ones, resulting in scarce research on its horizontal mechanical
behavior and deformation mechanism, as well as a lack of reliable design and calculation guidelines. First, a
three-dimensional numerical model of S-PC piles was established using the ABAQUS finite element software,
and its reliability was verified by comparison with existing experimental results. Subsequently, a systematic
analysis was performed to clarify the differences in compressive-flexural performance between S-PC piles and
RC piles, and the influence laws of longitudinal reinforcement ratio, stirrup spacing, longitudinal reinforcement
pretension stress, concrete strength, and axial force on the compressive-flexural performance of S-PC piles
were explored. Finally, aiming at the prediction deviation of relevant formulas in the Code GB 50010-2010,
modified calculation formulas for the cracking moment and ultimate moment applicable to S-PC piles were
proposed. The results show that the established finite element model can accurately simulate the compressive-
flexural mechanical behavior of S-PC piles; under equal-strength reinforcement, the crack resistance and
compressive-flexural capacity of non-prestressed S-PC piles are comparable to those of RC piles, while their
ductility is improved by approximately 37%; axial force, longitudinal reinforcement ratio and pretension stress
are the key parameters affecting the compressive-flexural performance of S-PC piles, whereas stirrup spacing
and concrete strength have minimal impacts; the precision of the revised calculation formula for the cracking
moment is significantly higher than that of the code-specified formula, and the revised formula for the ultimate
moment not only avoids solving the transcendental equation, but also maintains a high level of accuracy in its
calculated results.

Keywords: scalable reinforced cage; cast-in-place pile; compressive-flexural behavior; moment calculation;

finite element analysis
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Fig.1 Scalable reinforced cage
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Fig.2 Finite element models and mesh generation
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Fig.3 Geometric dimensions and reinforcement details of

test piles by Yamanobe et al.”’
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displacement skeleton curves
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Fig.5 Experimental” and simulation damage comparison
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Table 1 Geometric Parameters and Material Strength of Specimens'”’
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S-PC-J2 850 3.5 8XF35 656 277.1 1725/1934  0.391 768.0 D16@65/0.719 47.5 1134.9 3.0




W EAE G RS M AR 5

s N Vo s
% XX # P 8,5 T AY 4 4R
|
! ﬁ“ 1
| : : 1] |
i et ! | AL | '
| 2.9-3.1 ] 1
730~786 | | 1 [ )
1
1 ! i 1
1 | T 1
1 ! i 1
%ﬁ S, Mises 1 , Mise: ——
i (th: 75%) 1 (Pt 75%) il 1
+7.861e+02 3.396e+00 111
768 —» irg70er0z || : WL ¥33672+00 1
+; e+ +3.138e+00 BB
70140402 |1 3.0 —» +3.009e+00 1
+6.732e+02 |} | +2.880e+00 | | 1
+6.,449e+02 +2.752e+00 Tl
+6.167¢402 |} | 623e+00 1
+5.8850402 2 4330400
+§ %2%“8% 1 | 2.3656+00 1
+5.320e +2.238e+01
+5038e4+02 || | 1 +2.1082+00 ] 1
+4,755e+02 11 +1.979e+00
+4.4732+02 | | +1.850e+00

(a) B BV 1 (b) R 5 L TN )y
Blo RW"E5HEBLAKESTLL (B :MPa)

71
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comparison
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Fig.7 Stress cloud diagram of concrete and steel

reinforcement at specimen failure
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Stress distribution of steel strands in all specimens at the ultimate load
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Fig.10 Load-displacement curves of specimens under different influencing factors
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Fig.11 Concrete cracking moment calculation diagram
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Table 5 Modified concrete section modulus plastic

influence coefficient

R 9 f/MPa Y
C25 2.58 1.449
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C55 3. 60 1. 387
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Fig.12 Concrete ultimate moment calculation diagram
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Table 6 Comparison of modified formulas, calculated
values of code formulas, and simulation/experimental

results for cracking moment

Ny M./ M.,/ M., .,/ M., M, ,
(kN+m) (kN+m) (kN+m) M., M.,

S-PC-0 864. 2 671.6 745.1  0.78  0.86
S-PC-1 1199.6 980.2  1053.6  0.82  0.88
S-PC-A1  1157.1 972.2 10451  0.84  0.90
S-PC-A2  1211.7 989.9  1064.1  0.82  0.88
S-PC-B1  1199.2 980.2  1051.9  0.82  0.88
S-PC-B2  1197.2 980.2  1051.9  0.82  0.88
S-PC-C1  1016.9 825.0 898.5  0.81  0.88
S-PC-C2  1320.0 1133.6 1207.0 0.86  0.91
S-PC-D1  1169.1 884. 8 960.9  0.76  0.82
S-PC-D2  1212.1 1062.7 1132.2 0.88  0.93
S-PC-D3  1266.0 1111.8 1179.0  0.88  0.93
S-PC-E1  2657.5 2516.4 26042 0.95  0.98
S-PC-E3 986. 8 931.5 1024.0  0.94  1.04
S-pC-J1t 432.5 386.7 411.7  0.89  0.95
S-pC-J2i™ 638. 1 572.4 608.1  0.90  0.95

F®7 BRTEMBEARXN MEAXIHTEESHEAMR
SR
Table 7 Comparison of modified formulas, calculated
values of code formulas, and simulation/experimental

results for ultimate moment

1 4 M./ M,/ Moo My My,
(kN+m) (kN+m) (kN+m) M,, M.,

S-PC-0 1814.8 1477.4 1821.5 0.81 1. 00
S-PC-1 1861.6 1477.4 1821.5 0.79 0.98
S-PC-A1 1586.9 1059. 2 1385.9 0.67 0.87
S-PC-A2 2 280.2 1973. 4 2382.6 0.87 1.04
S-PC-B1 1868. 3 1477.4 1821.5 0.79 0.97
S-PC-B2 1858.3 1477.4 1821.5 0.8 0.98
S-PC-C1 1798.1 1477.4 1821.5 0.82 1.01
S-PC-C2 1920. 8 1477.4 1821.5 0.77 0.95
S-PC-D1 1774.7 1443.6 1749.9 0.81 0.99
S-PC-D2 1906. 2 1502.1 1884.7 0.79 0.99
S-PC-D3 1932.7 1519.0 2003.0 0.79 1.04
S-PC-E1 4273.4 4 065.7 4118.3 0.95 0.96
S-PC-E3 1282.5 855.5 1 308. 2 0.67 1.02
S-pc-J11" 1631.3 1577.1 1311.1 0.97 0. 80
S-pC-j2!” 1642.7 1587.3 1384.9 0.97 0.84
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