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Study on Mechanical Properties of Steel — concrete Composite Continuous Beam in Negative Bending Moment Area of Bridge

AU &, TR, TR

(g A IR, st 100027)

HOE: AU - IR SESR R US A XA IR  ), DA A B AN - TR B S SR
TR 5, SR A BROCH g vy s X B, R SRR IR BE L (UHPC) fUE R/l iRsE - (NC)
JERL UHPC - NC Z 5805, A H o i g - 2R 5 5 B9 2 1) b R BTN g DA KB B AR 7 s, R IE
2538 UHPC S8 | TOUNR J5 B R T B Tt b3R8 . i RPN I s R B . 45831 UHPC - NC &5
TORAHAS T4 — VR Tid, L3R RPN ST . BRI S 2 BIBEAR T 11.2% | 10.1% , UHPC - NC &4 Tz
PIRIBE S5, B ARVNEFGES = T ARBUASTE e 15 X b 3 1T d5c KA N g 5% i 72 B HE Y o UHPC TR %6+ 90 5
TOURRJEERE . TOUAR T8 B 5 RPNy e RE EEHE Y S TOUAR L . UHPC JREE B . iR, Ay £ 1
R RPN Sy AR AR F IR E 0 RIART 4.1% | 3.0% . W54 UHPC - NC & &R
FSEhR RN FHEE LR S 1

KB : UHPC-NC SHMGE; MUSHIX; IE38Hr

FES S U448. 38 XEARER: A MEHS: 1005-8249 (2025) 06-0123-05

DOI; 10.19860/].cnki.issn1005 - 8249.2025.06.021

ZHAO Shuailei, CHEN Guanghai, HAN Yusheng
(Road & Bridge International Co., Lid., Beijing 100027, China)

Abstract: This study addresses the problem of crack formation in the negative moment regions of steel — concrete composite
continuous beam bridges, using the Shiging Road Bridge as a case study. A segment model of the negative moment zone was
established using Finite element software, wherein ultra — high performance concrete ( UHPC) partially replaces ordinary
concrete (NC) to create a UHPC — NC composite steel beam. A comparative analysis was conducted to evaluate the effects of
different concrete types on the tensile stresses experienced at the upper surface of the composite steel beam and in the connection
components. Through orthogonal analysis, we assessed the influence of UHPC strength, top slab thickness, and width on the
maximum tensile stresses at both the upper surface and connection components. The results show that the UHPC — NC composite
top slab reduces the maximum tensile stress at the upper surface and in the connection components by 11.2% and 10.1% ,
respectively, when compared to the traditional steel — concrete top slab. The UHPC — NC composite top slab demonstrates
superior stiffness, with the inclusion of steel fibers enhancing its overall resistance to deformation. The impact on maximum
tensile stress at the upper surface is ranked as follows: UHPC concrete strength, top slab thickness, and top slab width. In
contrast, the tensile stress in the connection components is primarily influenced by UHPC concrete strength and top slab

thickness. The optimized design leads to decreases of 4. 1% and 3. 0% in the maximum tensile stress at the upper surface and
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the tensile stress in the connection components, respectively, relative to the original design. These research findings provide

valuable theoretical support for the design and practical application of UHPC — NC composite steel beams.

Key words: UHPC — NC stacked steel beam; negative bending moment zone; orthogonal analysis
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Table 1 UHPC mixing ratio / (kg/m*)

Kie MR hwb R BRI WK K

1 0.2 0.8 0.2 0.3 0.02 0.23

x2 R S1FERE
Table 2 Material mechanical properties

REEL U Brhrsm PR
Al /MPa /MPa /GPa
C50 59.6 34.5
UHPC 162.2 18.0 47.7
Q345C 376.2 210. 1
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Fig. 1 Schematic diagram of finite element model
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Table 3 Table of concrete damage modelling parameters
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Table 4 Tensile stress values in connectors and concrete
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Fig.3 Load displacement diagram
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Table 5 Table of orthogonal factors and levels
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Table 6 Extreme variance analysis table
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Table 7 Optimization scheme parameter table
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Table 8 Comparison of optimisation results
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