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Experimental study on horizontal bearing behaviors of different types
of full-scale piles under reciprocating horizontal loads
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Abstract: The field pseudo-static tests on 38 prototype piles in in-situ soil conditions, which contain prestressed pipe piles,
prestressed squared piles and bored cast-in-situ piles, are made in a typical soft soil site of Hangu, Tianjin. The bearing and
seismic behaviors of all kinds of full-scale piles under the pile-soil interaction subjected to low-cycle reciprocating horizontal
loads at the pile top are studied. The failure modes, load-displacement relationships and displacement ductility among the
prestressed pipe piles, composite-reinforced piles with distributed non-prestressed reinforcements and bored cast-in-situ piles
are compared. The results indicate that the regular prestressed pipe pile has poor ductility and is brittle during failure. The
displacement ductility and energy dissipation capacity of the composite-reinforced piles are obviously improved by adding
non-prestressed reinforcements in addition to prestressed steel bars. This consequently leads to the ductile failure mode.
Therefore, adding conventional steel without prestress is an effective measure to improve the seismic performance of
prestressed piles. The displacement ductility factor of all the bored cast-in-situ piles with different reinforcement ratios exceeds
4.5, which means that their ductility and energy dissipation capacity are good. The displacement ductility factors of both the
composite-reinforced piles and bored cast-in-situ piles increase at first then decrease with the reinforcement ratio of the
increasing non-prestressed reinforcements while there is an optimal reinforcement ratio of the displacement ductility.
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Table 1 Basic parameters of test piles
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Fig. 1 Plane layout of test piles
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Table 2 Reinforcement configuration of test piles
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HKM I v prages RE
PHC9.0-0 i 2

y PRC9.0-8 1248 2
Iﬁgg PRC9.0-10  124°9.0 12810 2
PRC9.0-12 12812 2
PRC9.0-14 12014 2
PHC10.7-0 ¥ 2

, PRC10.7-8 1248 2
Hjj%ggj PRC10.7-10 124" 10.7 12810 2
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PRC10.7-14 12014 2
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YZ18 8418 2
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Table 3 Mechanical parameters of longitudinal reinforcements
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W /MPa /MPa /GPa
PC ¥ 1492.9 1570.0 205.0
HRB400 462.7 671.4 202.6
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Fig. 3 Profile of soil layers and test pile
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Table 4 Physical and mechanical parameters of typical soil layers

x4 BATEYBENFEH

LR Ak TEE HkR EES WIsHSLBR  FES NEEEM ?ﬁéﬁ ﬂm JESE e QI Ei=E 4
% /m 1% J(kN-m ) kb c/kPa ol(°) R R C. G
MR+ 1.7 35.6 18.82 0.999 15.3 19.7 12.20 0.92 0.135 0.013
WR TR Zb 1.4 39.7 18.16 1.142 11.1 6.9 17.80 1.09 0.185 0.009
MR+ 4.9 35.7 18.46 1.000 12.8 22.0 14.56 0.93 0.152 0.004
Mg+ 4.8 32.2 18.19 0.977 17.7 19.3 14.02 0.61 0.170 0.007
it 3.6 21.0 19.61 0.619 8.5 27.0 7.68 045 0.097 0.008
MR+ 3.6 39.2 18.63 1.033 23.9 18.5 14.43 0.98 0.174 0.026
Mg+ 4.7 23.0 20.47 0.635 17.6 222 10.82 0.49 0.110 0.011
¥t 4.3 17.4 20.99 0.522 13.1 28.2 8.02  0.37 0.085 0.006
MR+ 5.0 31.1 19.33 0.845 29.7 24.3 15.52 0.56 0.144 0.014
Mg+ 6.0 23.6 20.42 0.647 30.1 25.7 13.81 0.44 0.086 0.016
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Fig. 4 Horizontal loading devices of test pile
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Fig. 5 Layout of loading devices in test site
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Fig. 6 Schematic diagram of loading plan of pseudo-static tests
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Table 5 Displacements and ductility coefficients of pipe piles

o JE AR R A% EME R AL

{E/mm Y31E /mm WE

PHC9.0-0 23.0 55.0 2.43
PRC9.0-8 36.6 110.5 3.03
PRC9.0-10 41.7 166.5 4.02
PRC9.0-12 53.7 203.3 3.75
PRC9.0-14 73.3 251.6 3.45
PHC10.7-0 35.8 101. 7 2.86
PRC10.7-8 41.7 180.6 4.32
PRC10.7-10 47.1 253.4 5.41
PRC10.7-12 79.3 334.5 4.23
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Fig.10 Hysteresis curves of square piles
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Table 6 Displacements and ductility coefficients of square piles

i JERNR IR FEYY R
Y31E /mm {H/mm ¥l
HKFZ9.0-0 18.0 47.0 2.62
HKFZ9.0-10 35.6 127.1 3.57
HKFZ9.0-12 27.1 135.1 4.98
HKFZ9.0-14 36.2 150.7 4.38
HKFZ9.0-16 42.8 186.1 4.35
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Fig. 12 Hysteresis curves of load and deformation

150

AO-0C~0-Q

1 1 1 1 J
50 100 150 200 250
Xo/mm
—0— YZ-12
—o—YZ-14
—— YZ-16
—o— YZ-18

13 RN SR
Fig. 13 Comparison of envelope curves
(3) i
RT TR SLEEEMEE AR AL L ARBRALAS K
PR IENE BB IR EIE .
®"7 HFUEEMABEL R

Table 7 Displacement ductility coefficient of bored cast-in-situ

piles
- JEMRGIRE  WRBRAIREY  MBEMER
{8 /mm {E/mm HooE
YZ12 19.9 91.3 4.60
YZ14 25.8 125.5 4.86
YZ16 31.5 159.6 5.10
YZ18 37.6 185.5 4.93
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Table 8 Displacement ductility coefficients of piles
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iR 320 HKFZ9.0-0 18.0 47.0 2.62
7 hE HKFZ9.0-12  27.1 135.1 4.98
o YZ12 19.9 91.3 4.60
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