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Table 1 Control parameters of concrete

damage plastic model

(e p/(°) A T/ T K. 14

NC 35 0.1 1. 14
UHPC 40 0.1 1.16

0. 666 7 0. 005
0. 666 7 0. 005

T p RAREIKA A RR 0 F0,,/0, R SRR
TR T LRI BRI R R BT B 2 bl 5 K R 4 IR B

3 XS

P T 1R 5 9 A7 48 5% UHPC-NC 44 WF B0 7 1
RE IR0 i A LT SR, A B ST 1Y) i R A A 4 5
UHPC-NC 44 B0 2= A BR oo 8 iy a] S& 1% | 43 %)
VEBUR B R 3 AN TR UHPC N [ 5 B il 89 7 TR it
- HFECRN 3 A~ UHPC 4 BT SO i 7 3 60 25 SR o) 48
PE S BT AT AT B0 IE
3.1 KIEHR

ANTF] UHPC [ ey B2 04 5K 7 TR BE + 77 30 A
[FNEL A B~ UHPC 48 2890 8030 3 50 0K 14 =
Bon e 2 Fron AR R A% TE A AR T RS ol 3
JioR o Horfr UHPC i B A 55000 20 737 0 46 A5 19 4 75
S22 43 51 S HRB400 . HPB300 , AH 1 52 I i R i 3
502,528 MPa; iR % +F55 y C40, UHPC 52l 57
5 RB R SR B 129. 7 MPa, fihi R 3 Jy 5. 52 MPa,
PR B 40. 1 GPa, UHPC F8 BB A 9\ A5 F1 4i 777
) 9 75 45 9% 43 1) 5 HRB400 . HRB300, A )i 52 1l Ji
JIR 58 B >y 450 458 MPa; UHPC S5 57 75 PR $T 5 B
4 110.7 MPa, Bt £ 5% &£ 4 5. 93 MPa, 5 P55 &2 K
40.9 GPa, £ 3 Z5ih 1 ik UHPC A B L & L
Wit BRI I 5 0 B s im0 =X, PR i

PR T 5 - T R B TR R 19 B8 s R B R AL TN el e R A Wl R 25 WL SRR [ 3] AN STk 14 ]
x2 HKHSH
Table 2 Specimen parameters
A I Z B U o A S S T
U-JH-0 0 2 300 16 0.71 8 80 1.01 0.08
U-JH-40 40 2 300 16 0.71 8 80 1.01 0.08
U-JH-85 85 2 300 16 0.71 8 80 1.01 0.08
U-BA-0 0 1 500 12 2.70 10 75 1.70 0.15
U-BA-34 34 1 500 12 2.70 10 75 1.70 0.15
U-BA-90 90 1 500 12 2.70 10 75 1.70 0. 15
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Table 3 UHPC mix proportions

ORI (ke - m )
B kg 2f 7 =5 o
PEEE e wew mwe F;kjf Wer ok

UHPC i
k¢
UHPC ¥{AE 813.6 203.6 1140.1 58.6 120.5 162.9

780.6 199.8 1114.6 22.1 156.0 182.4
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Figure 4 Comparison of hysteresis curves
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Table 4 Comparison of L, test value and theoretical value
R 2 A /mm A /mm ©,/(107rad) @,/ (10 °rad) L,/mm
S HEbLefE SEI(E HELe(E SSiE B STlE BefE STlifE HLR(E
U-BA-0 8.9 9.8 45.6 42.6 1.3 1.3 10. 6 10. 1 293 274
U-BA-34 8.1 9.6 36.4 32.4 1.1 1.0 6.3 5.6 424 376
U-BA-90 12.3 13.6 67.2 61.5 1.7 1.6 14. 4 13.5 322 298
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Table 5 Comparison of plastic hinge region length

g 5 &, ®,/(107rad) L, /mm L ,/mm
U-BA-O 0.002 5 1.25 341 310
U-BA-34  0.002 5 1. 04 494 482
U-BA-90 0.002 5 1.86 376 358
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axial pressure ratio
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Figure 6 Length of plastic hinge region versus
longitudinal reinforcement diameter
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specimen height
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Figure 9 Comparison between the analysis results of plastic hinge length

parameters and the calculation results of each formula
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numerical investigations of the seismic performance of

Plastic Hinge Length of UHPC-NC Hybrid Pier Reinforced by High-strength Steel Bars

REN Liang"?, LIU Qingyun', FANG Bowen', WEN Shuai'

(1. School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China; 2. State Key Laboratory of

Performance Monitoring Protecting of Rail Transit Infrastructure, East China Jiaotong University, Nanchang 330013, China)

Abstract ; To discuss the plastic deformation ability of UHPC-NC hybrid pier reinforced by high-strength steel bars,
a ductility analysis model was established and calibrated by the corresponding pseudo-static test of concrete piers
strengthened with different UHPC reinforcement heights and UHPC box piers with different loading angles, with the
involving in the constitutive model of Mander and double line, the constitutive relationship of UHPC material and
the damage plastic model of concrete in the finite element program ABAQUS. Based on the validation of the test re-
sults, the method on determining the length of the plastic zone was proposed, and the parameter analysis varying in
the axial compression ratio, the diameter and yield strength of the longitudinal reinforcement, and the height of the
specimen was conducted. On the basis of the applicability of the proposed formula in the evaluating code, the for-
mula for calculating the equivalent plastic hinge length of hybrid pier was established. The results showed that, the
length of plastic zone for UHPC-NC hybrid pier reinforced by high-strength steel bars would decrease with the in-
crease of axial compression ratio, increased firstly and then decreased with the diameter of the longitudinal rein-
forcement and longitudinal reinforcement yield strength, and increased with the increase of the specimen height.
When the axial compression ratio was close to 0.5, the failure of UHPC occurred simultaneously with the yield of
longitudinal bars in the tensile zone. When the longitudinal reinforcement diameter and yield strength were 16 mm
and 500 MPa, the energy dissipation capacity of the plastic zone reached the optimum. By comparing with the nu-
merical analysis results, it was further shown that the empirical formulas underestimated the plastic deformation a-
bility of UHPC-NC hybrid pier. The established equivalent plastic hinge regression formula could provide a refer-
ence for the seismic research of UHPC-NC hybrid pier reinforced by high-strength steel bars.

Keywords: plastic deformation ability; UHPC-NC hybrid pier; ABAQUS; high-strength steel bars; plastic hinge

length ; ductility analysis model



