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The seismic performance parameter analysis of reinforced concrete square
bridge piers strengthened with UHPC

ZHENG Yanlei', XU Longwei’, ZHANG Hanyu', WANG Guimei®, FU Tao*"
(1. Shandong Lugiao Group Co., Ltd., Jinan 250014, Shandong, China; 2. School of Transportation Engineering, Shandong
Jianzhu University, Jinan 250101, Shandong, China)

Abstract: In order to investigate the influence of the structural parameters of the reinforced concrete piers reinforced with ultra-high
performance concrete (UHPC) on the seismic performance of the piers, based on the results of the proposed static test of the piers,
the finite element model of the piers was established by using the ABAQUS. Based on the test data, the accuracy of the finite
element model of the pier was verified, and the structural parameters such as the height of the reinforcement layer, the thickness of
the reinforcement layer, and the reinforcement of the pier were analyzed using the control variable method. The results of the
research showed that with the increase of the height of the reinforced layer UHPC, the plastic damage of the pier body decreased,
which positively affected the improvement of the pier body’s ability to resist the initial deformation and flexural load capacity. Under
a certain thickness of reinforcement layer, the constraining effect of the abutment reached a saturation state, where further increasing
the thickness of the UHPC reinforcement layer did not significantly affect the damage to the abutment or any related indicators. The
increase in longitudinal reinforcement strength significantly impacted the seismic performance of bridge piers reinforced with UHPC,
notably enhancing the pier’s horizontal flexural capacity to a greater extent, while concurrently reducing the displacement ductility
coefficient of the pier body. The overall development trends of bridge pier skeleton curves were similar for different strengths of
longitudinal reinforcement. Substituting equal strength or equal volume with high-strength longitudinal reinforcement delayed the
overall stiffness degradation of the pier body, thereby enhancing the elastic working capacity of the bridge pier.

Keywords: UHPC; high-strength reinforcement; seismic strengthening; quasi-static test; parametric analysis
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Fig.1 UHPC reinforced concrete pier structure
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Fig.4 Design drawing of bridge pier reinforcement
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Fig.5 Schematic diagram of specimen marking
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Fig.15 Ideal elastoplastic constitutive curve of steel
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Fig.16 Finite element model of the bridge pier
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Table 6 Comparison of feature point parameters of
skeleton curves
A/ P/ AL/ P/ A/
mm kN mm kN mm

P/ EYE
I 19.94 134.95 35.62 148.06 84.22 125.85 4.22
Bl 19.23 130.46 34.83 146.72 85.78 122.61 4.46

FAIE £

4 UHPC #n & 4% # 38 5 A 3 &
B 5B AT

i — 2 8F 98 UHPC W& 5 80 755 TR 8 1 45 3
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Fig.18 Skeleton curves of specimens with different
reinforcement layer heights
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Table 7 Parameters of the characteristic points of the skeleton curve of the specimen with different reinforcement layer heights

S E )2 =/ mm A, /mm P,/KN A, /mm P,./kN A,/mm P,/kN HEPE RS
400 19.98 109.73 34.60 131.75 84.88 111.99 4.25
500 19.23 130.46 34.83 146.72 85.78 122.61 4.46
600 18.58 127.67 38.39 152.19 92.63 129.36 4.99
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Fig.19 Skeleton curves of specimens with different reinforcing

layer thicknesses
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Table 8 Parameters of the characteristic points of the skeleton curve of the specimen with different reinforcement layer thicknesses

Jn & )2 E E/mm A /mm P,/kN A,../mm P,./kN A,/mm P./kN FEME R B
50 20.12 119.11 33.99 142.39 82.39 121.03 4.09
60 19.23 120.46 34.83 146.72 85.78 122.61 4.46
70 18.96 129.17 43.70 148.01 91.94 125.81 4.85
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Fig.20 Skeleton curve of the test piece with equal strength
of reinforcement
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Table 9 Parameters of the characteristic points of the skeleton curve of the rebar and other volume substitution specimens

NSl A, /mm P,/KN A, /mm P,./kN A,/mm P,/kN TEPE RS
HRB400E 19.23 130.46 34.83 146.72 85.78 122.61 4.46
HRB500E 23.04 131.35 49.16 165.34 91.87 140.54 3.98
HTRB600OE 29.25 161.73 49.24 181.97 92.95 154.67 3.18
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Fig.21 Skeleton curve of the steel bar equal volume
substitution specimen
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Table 10 Parameters of the characteristic points of the skeleton curve of the rebar and
other volume substitution specimens

NSl A, /mm P,/kN A . /mm P_./kKN A, /mm P,/kN FEVE 2B
HRB400E 19.23 130.46 34.83 146.72 85.78 122.61 4.46
HRBS500E 27.13 137.04 49.58 160.75 89.46 136.64 3.29
HTRB600E 32.97 153.94 44.04 172.75 100.52 146.84 3.04
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