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Structural behavior of locally composite steel and steel fiber reinforced
concrete beams under monotonic loading

WU Kai, YANG Yiheng, ZHU Ruizhe, ZHANG Yanjie, LIANG Qingqing, WANG Shilong

(College of Civil and Transportation Engineering, Hohai University, Nanjing 210024, China)

Abstract; To address the construction difficulties of steel reinforced concrete structures and fully leverage material
performance, the rebar cage was discretized into randomly distributed steel fibers. Steel fiber reinforced concrete
was concentrated in the compression zone to form the locally composite steel and steel fiber reinforced concrete
structure. Four-point bending tests were carried out on 18 beam specimens with different steel fiber volume fractions
(py) , shear span ratios (A1), concrete protective layer thicknesses for upper and lower parts of steel compression
flange (C_ and C_ ), and shaped steel specifications (1 ). The effects of these test parameters on failure modes,
load-deflection curves, and failure symmetry of specimens were analyzed. The results show that increasing p_ had a
positive effect on improving the interface bonding performance for specimens with smaller A (1.5 or 1.7) , and the
failure mode changed from interface failure to bending-torsion failure. To ensure that the concrete protective layer
provides sufficient " grip-wrap effect" on the shaped steel and avoid or weaken the adverse effects of bending and
torsion deformation, C_ and C_ should increase simultaneously with /. The deflection degradation coefficient was
obtained by Gaussian distribution fitting, and the deflection when the specimen’s overall performance began to
seriously degrade was predicted.

Keywords: composite structure; steel reinforced concrete; steel fiber reinforced concrete; failure modes; load-

deflection curves; energy dissipation
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Tab.1 Section dimensions and mechanical properties of shaped steels

LR FEA/mm TV B S,/ MPa f../MPa E./GPa &,/ %
JiE Al 341.23 419.51 201 33.71
40
112 4 T—T
B 318.88 380.38 196 29.26
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b S
= o
JiE Al 328.04 471.24 199 33.60
Iz
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114 T4 L
B 324.86 464.77 197 24.92
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Tab.2 Design parameters of LCSSFRC specimens
L/ ly/ 1./ Py’ C./ Cc./
S s bxhxl A EURBLR T

mm mm cm* % mm mm

1 HTS-2-40-80 140 mm x 160 mm x 1 240 mm 540 270 1.7 12 436 2 40 80
2 HFS-240-80 140 mm x 180 mm x 1 240 mm 540 270 1.5 14 712 2 40 80
3 HFS-2-20-80 140 mm x 160 mm x 1 240 mm 540 270 1.7 14 712 2 20 80
4 HFS-2-2040 140 mm x 160 mm x 1 240 mm 540 270 1.7 14 712 2 20 40
5 HFS-24040 140 mm x 180 mm x 1 240 mm 540 270 1.5 14 712 2 40 40
6 HTS-0-4040 140 mm x 160 mm x 1 240 mm 540 270 1.7 12 436 0 40 40
7 HTS-1-40-40 140 mm x 160 mm x 1 240 mm 540 270 1.7 12 436 1 40 40
8 HTS-240-40 140 mm x 160 mm x 1 240 mm 540 270 1.7 12 436 2 40 40
9 HTS-2-40-20 140 mm x 160 mm x 1 240 mm 540 270 1.7 12 436 2 40 20
10 HTL-2-40-80 140 mm x 160 mm x 1 600 mm 540 450 2.8 12 436 2 40 80
11 HFL-2-40-80 140 mm x 180 mm x 1 600 mm 540 450 2.5 14 712 2 40 80
12 HFL-2-20-80 140 mm x 160 mm x 1 600 mm 540 450 2.8 14 712 2 20 80
13 HFL-2-20-40 140 mm x 160 mm x 1 600 mm 540 450 2.8 14 712 2 20 40
14 HFL-2-40-40 140 mm x 180 mm x 1 600 mm 540 450 2.5 14 712 2 40 40
15 HTL-040-40 140 mm x 160 mm x 1 600 mm 540 450 2.8 12 436 0 40 40
16 HTL-1-40-40 140 mm x 160 mm x 1 600 mm 540 450 2.8 12 436 1 40 40
17 HTL-2-40-40 140 mm x 160 mm x 1 600 mm 540 450 2.8 12 436 2 40 40
18 HTL-2-40-20 140 mm x 160 mm x 1 600 mm 540 450 2.8 12 436 2 40 20
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Fig.2 Failure modes of specimens
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Tab.3 Performance indexes of specimens

B IR B ¥/ % K SRR Btk ¥/ %
HTS-2-40-80 MR 34.91 HTL-2-40-80 Il 5 16.51
HFS-2-40-80 X 36.68 HFL-2-40-80 X 76.52
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Fig.5 Energy classification at different loading stages
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