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Tab.1 Geometric dimensions and reinforcement specifications of test specimens
S D/mm D,/mm ¢/mm =+l e BE A%/ % HEFIRCE  own/MPa  6../MPa
GJX400195 400 308 95 7211, 1(HD) 0. 57(Ti) ' 4@80 1302 6.52
GJX5001100 500 406 100 11¢P11. 1¢HD 0. 65(Ti) #$*5@80 1302 6.14
FHPJ4001,95 400 308 95 7gP11L1CHD 7@ 16(H)  0.57(HD +1.55(F)  $4@80 1302 7.34
FHPJ5001,100 500 406 100 114P11 1(HO +H118h 16(F) 0. 65(HD +1.76(F)  ¢*5@80 1302 6. 87
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Reinforcement schematic diagram of pipe piles

Fig. 1
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Fig. 2 Loading sketch of axial compression test for

pipe piles
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Tab. 2 Concrete strength conversion
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Tab. 3 Material parameters of reinforcing bars

W 5173 E,/GPa fyv/MPa fu/MPa
WAL 185 1880 2033
Al BN J7 A 191 502 544
biE4 197 534 562
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Fig. 3 Experimental load-deformation curves
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Tab. 4 Comparison of axial compression behavior for pipe pile specimens

WG Py/kN  P{/KN  Py/PY P@/KN  PY/PY PP/KN PY/PE PY/KN Py/PY Si/mm
GJX400195 6 215 4495 1.383 5 244 1.185 7210 0.862 7583 0.820 5.12
FHPJ4001,,95 6 890 4495 1.533 5 244 1.314 7748 0. 889 8115 0. 849 5.30
GJX5001100 9112 6 205 1. 468 7 240 1.259 10115 0.901 10 628 0.857 5.59
FHPJ5001,100 =9 476 6 205 1.527 7 240 1.309 10 959 0.865 11 464 0.827  >>5.32
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Fig. 4 Deformation form of pipe pile specimens after failure
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Fig.5 Concrete strain development of cross-section for

pipe pile specimens
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Tab.5 Material parameters of concrete model
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Fig. 6 Stress-strain curve of concrete under

uniaxial compression
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Fig. 7 Stress-strain curve of concrete under

uniaxial tension

FREAE 56 BF 58 SR 45 4 52 bRk 5, 0
ABAQUS HiE #E + 01 45 855 58 2 BORE an F .
Al g=42°, Btk R EL =0.000 1, {8 2 S 5L
€=0.1,J8IRH% ¥ K. =0.666 7, Bl 5 5557 &
Jit IR R F1 EE 640 /00 = 1. 16.

2.1.2 HMEMAEER KT RE TS R
VY= RO R AN a2 I A B A S
Hh £k % F Esmaecily-Xiao 45 B3 2 485 B A ) 56
RARIEN

E.e; e<e,

Sy e, ek,

E\(l_k|) o 2,
klf}'Jreiy(/ez—/el)z(e koe, )’ ek,

o=

6)
W RN o N L T N VAP BN A S DMK 7
(SRS I 5 f, ve, 0] 2 B AT 1) JE IR AR
JIR R % 5 ey Sk A7 TR IR 5 B 19 JEE Al L A R A
AR sk, SRy SN S W A NV AR 5 iR N AR 2 LG s Ry
Shy A 77 U (1 77 5 Jee R iR B 22 B AR A A i A
T I R | AN TR AR B A bR S BOIRE I 3k 6 BT
T s Ry SRR A A BIR N A 5 T R R AR 22 L

2.1.3 ARABER KM ABAQUS 4 43
XoF 4K 4 £ Mk AN A2 A TG A A A N7 A PR T B AL, A FR

JUAE R B LA RS S 9 5 3 B S8 A ) L 4 ]
8 Jr7K.

X6 WMHREMHSK

Tab. 6 Material parameters of reinforcing bar model

M E./GPa f,/MPa e k1 ks ks ki

P11, 1 185 1880 0.0102 1.0 5.3 5.96 1.08
Q]G 191 503 0.0026 9.2 44.4 52.50 1.22
$h4 197 477 0.0024 1.0 12.1 12.10 1.15
$°5 197 477 0.0024 1.0 12.1 12.10 1.15
VP
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Fig. 8 Schematic diagram of finite element model

for pipe pile specimen
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Tab. 7 Applied parameters of prestress in numerical

model
S ope/ MPa AT/K
GJX400195 1135.62 614
FHPJ4001,95 1141.79 617
GJX5001100 1121.98 606
FHPJ5001,100 1129.77 611
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Fig. 9 Load-deformation curves of pipe pile specimens

in numerical simulation
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Tab. 8 Comparison of axial compression performance between simulation values and experimental results

R TR P.{/kN Pi/kN Py/Py St /mm St/mm Su/Sk
GJX400195 6 215 6710 1.08 5.12 5.56 1.09
FHPJ4001,95 6 890 7 366 1.07 5.30 5.66 1.07
GJX5001100 9112 9613 1.05 5.59 6.10 1.09
FHPJ5001,100 =9 476 10 598 1.12 >5.32 6.12 1.15
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Fig. 10 Maximum principal plastic strain distribution of pipe pile specimens under ultimate load
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Study of axial compression performance
of prestressed steel strand ultra-high strength concrete pipe piles

CHEN Gang'?, ZHOU Qinghui's XU Quanbiao®,
GONG Shunfeng”'., XIAO Zhibin®, LIU Chengbin'

( 1. Department of Civil Engineering, Zhejiang University, Hangzhou 310058, China;
2.The Architectural Design & Research Institute of Zhejiang University Co. Ltd. ., Hangzhou 310028, China )

Abstract: Through axial compression performance experiments, numerical simulations and empirical
formula calculations of two types of commonly-used piles, including prestressed steel strand ultra-high
strength concrete pipe piles and prestressed steel strand composite reinforcement ultra-high strength
concrete pipe piles, the ultimate axial compression bearing capacity, deformation capacity and damage
characteristics of pipe piles were investigated. The results show that all of the pipe pile test specimens
are compressive failure, and the concrete is crushed at first, which leads to the outward compression
of longitudinal bars and the breaking of stirrups. The numerical simulation results of the failure
surface of pipe piles are in good agreement with the experimental results, and the numerical model can
accurately predict the ultimate axial compression bearing capacity and deformation capacity of the pipe
piles. It is recommended that the empirical formula in national standard atlas 10G409 "prestressed
concrete pipe pile” could be used to calculate the compression bearing capacity of prestressed steel
strand ultra-high strength concrete pipe piles and prestressed steel strand composite reinforcement

ultra-high strength concrete pipe piles.

Key words: ultra-high strength concrete pipe pile; steel strand; compression bearing capacity; failure

characteristics; numerical simulation



