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Abstract : The application of ultra-high performance concrete (UHPC) to steel reinforced concrete structures can improve the
load carrying capacity, reduce the cross-section size, and solve the problems of complex construction caused by the

intensive configuration of stirrups and shear members. The current finite element simulation study of steel reinforced
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UHPC beams is mainly a parametric qualitative study of bending capacity, ignoring the bond-slip effect between
steel and UHPC, which lacks the assessment of its interfacial bond performance and combination effect, as well as
the in-depth discussion of the stress performance of the UHPC in tensile zone. In this paper, the finite element
simulation analysis of the bending performance of steel reinforced UHPC beams was carried out based on
ABAQUS, and the strength of UHPC, the strength of steel, the longitudinal reinforcement ratio and the steel ratio
were parametrically investigated. The load-mid-span deflection curves, cross-section strain distribution, interface
bond stress distribution, and tensile zone performance of the UHPC were analyzed. The main conclusions are as
follows: (1) The loading process of the composite beam can be divided into four stages: the fully elastic stage, the
damaged working stage, the plastic hardening stage, and the ductility development stage. (2) The UHPC in the
tensile zone can still participate in the section bending resistance at the peak load, and suggestions for the value of the
equivalent stress reduction factor for the tensile zone of UHPC are proposed based on parametric research. (3) The
bond stress of the upper flange is mainly concentrated at the loading area, while the distribution of the bond stress on
the lower flange is controlled by the development of cracks. The bond performance between the steel section and
UHPC at the interface should be improved in the design by means of shear connectors or surface treatment of the
steel profiles. (4) During the design process of composite beams, the strength and configuration rate of the steel
profiles should be limited to ensure that the composite beams have good ductility and the UHPC in tensile zone
exhibits good load-bearing performance.

steel reinforced concrete structure; ultra-high performance concrete; bond-slip; finite element analysis; equivalent

stress reduction factor
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Fig. 3 Validation of load-deflection curves
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Fig. 6 Cross-section average strain distribution of steel
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Table 4 Characteristic load values of beams with
different UHPC strengths

x5 AEENEBEETHSRFMERTHRE
Table 5 Characteristic load values of beams with

different steel strengths

MRS TR BORAT R/

UHPC 3 &/ AT 8/ #ORTHR/ 4
MPa kN kN
120 582.91 489.69 3.95 0.322
130 595.77 494.59 4.09 0.358
140 603.30 513.77 3.97 0.372
150 605.83 511.71 4.02 0.352

MG (6) AT LUTH 545 00 T 21 & TR A S 1 2R 80, OF
LA A A5 J 2 5 R E

MPa KN KN “ k
235 469.06 410.58 4.93 0.411
345 582.91 489.69 3.95 0.322
460 704.01 603.62 3.00 0.333
550 787.57 684.49 2.66 0.304
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Fig. 10 Data of beams with different UHPC strengths
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Fig. 11 Data of beams with different steel strengths
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Table 6 Characteristic load values of beams with

different reinforcement ratios

B fh /% BT H/KN  BORFHE/KN u k
0.34 582.91 489.69 3.95 0.322
0.52 618.37 526.99 3.58  0.356
0.75 654.12 560.01 3.68  0.328
1.03 699.49 599.56 3.42  0.364

K7 AEARNENETHERISMTEEHE
Table 7 Characteristic load values of beams with

different steel ratios

BUARA/ DV AT ER/KN B HE/KN u k
5.12 515.85 429.88 4.00 0.347
6.35 582.91 489.69 3.95 0.322
7.53 654.05 552.95 3.54  0.335
8.52 712.88 590.46 3.37 0.278

WP 12 e 7 | B2 v G0 A T 305 2 i 6 T A PR 7 3 3R
HAEAETT T 6.08% .12.22% F120.00% o 2 &5 9\ A5 B
17 % 2% W 2 4 A 32 A 0 W L TR] I 2%
AT 4 G QA M AR 2 A8 PR R AIR, R T UHPC R T
PETEY . ML A 3 09 b T+ 15 UHPC 52 5 IX 1 g 15 2
M, UHPC 32 37 X 45 800 S 37 08 R 80 — 2 $27t

WP 13 Fr 7, 2 v 2 A 0 4% T 21 6 R A B ef 28R
FEELL T T 12.20% A1 22.30% , 1 B AR BE AR R



5 2 R A5 W R 1 R M AR TR 41 A R R ST M RE R i Y 2 A b 37

800 r 800 r

700 | 700 |

600 | 600 |
E 500 F E 500 F
= 400 | = 400 -

200 S 1.03% 204 7530

100 100 —~—852%

0710 20 30 40 50 60 70 0" 10 20 30 40 50 60 70
R / mm HE / mm
a) T #R-E5 TR h 2R a) - rhhe s sk

800 F vz iR L 72 VEAEL AT 3%

200 L 2R 2 14 fgg [ ﬂ%ﬁ 4.00

600 | L ]

7 13.00 Z 600 7

? 500 ? 7 7 - < 500l 7 1300
& 400 / W& e &
& / 1200 13 i 400 | {2.00 ¥
i 300 / ) & 300 L g
& 200 / 11.00 g 200 + 41.00

100 / . 100 |

07034 052 075 103 0 =Sl 635 715 852 0
W / % BN / %

b) WEAE AT AN ALY
E12 ARNHESRESRELEE

Fig. 12 Data of beams with different reinforcement ratios
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Fig. 13 Data of beams with different steel ratios
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