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Abstract: In order to study the basic mechanical performance and rational design method of
prestressed ultra-high performance concrete (UHPC) beam, the full process flexural loading test
of a large-scale prestressed UHPC-T beam was completed. Nonlinear finite element model of
prestressed UHPC beam based on concrete damage plasticity (CDP) model was established, the
test process was carefully simulated and the analysis results were compared with the test results.
Based on the simulation model, the influences of number of prestressed tendons, tensile stress,
compressive and tensile strength of UHPC materials on the flexural properties of UHPC beams
were studied. The formula for calculating the prestressed reinforcement ratio of UHPC beam was
put forward, and its reasonable range was suggested. The rational design method of UHPC beam
was preliminarily discussed. The results show that the finite element model based on the CDP
model can better simulate the flexural performance of prestressed UHPC beam. The analysis

results are in good agreement with the test results. Increasing the prestress can effectively improve the
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bearing capacity, but reduce the ductility. Increasing the compressive strength of UHPC material

has little effect on the mechanical properties at elastic and cracking stages, but can effectively

improve the ductility of component. Increasing the tensile strength can effectively improve the

crack resistance and ductility of component, and improve the ultimate bearing capacity.

Key words: bridge engineering; UHPC; flexural performance; finite element analysis; rational

design
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Fig.1 Schematic Diagram of Loading (Unit:cm)
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k1 UHPCE{KEAL
Tab.1 Composition Ratio of UHPC Matrix
5y Kl | BEK | AEEAD | EEER | WokR | K
Sk B | 1.000 | 0.250 | 1.100 | 0.300 | 0.019 | 0.200
%2 UHPCH#SH
Tab. 2 Material Parameters of UHPC MPa
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Fig.3 Finite Element Model and Reinforcement

Frame of Test Beam
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Fig. 4 Two-stage Tensile Constitutive Model of UHPC
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Tab.3 Plastic Collapse Criteria Parameters for

Damage Plastic Model of UHPC
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Tab.4 UHPC Damage Plastic Model Parameters

ZIEBH ZHZH
JEBE S/ MPa | AE SR 2E /1070 | FERE T3/ MPa | FF 028 /1070
100. 8 0 7.00 0
117.6 44 7.00 1836
126.0 242 6. 81 1 890
124.9 468 6.47 1998
115. 1 1198 6.17 2 105
101.1 2027 5.76 2 265
89.9 2 690 5.08 2 581
73.1 3785 4.26 3100
53.0 5 456 2.88 4632
31.9 8 451 1.77 7 659
17.0 13 801 8.84 15 679
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Tab.5 Comparison of Testing and Calculation Results

T e | AR | AR | IR
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JFZE A 275.6 282 22.18 22.84
TR A7 e R s, C 563.8 562 109. 00 107. 00
IR D 584.7 583 198. 00 192. 00
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Fig. 12 Influence of Number of Prestressed

Tendons on Flexural Performance of Beam
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