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Abstract: The good flexural performance of concrete beams is an important factor affecting the safety
of building structures. In order to study the flexural mechanical properties of reinforced concrete beams
with fully recycled coarse aggregate and steel fiber, four fully recycled coarse aggregate concrete
beams and one natural coarse aggregate concrete beam were designed. The main design parameters
were the replacement rate of fully recycled coarse aggregate, volume fraction of steel fiber, pre-dam-
aged degree, and reinforcement with carbon fiber sheet (CFRP). The failure characteristics, load-mid

span deformation curves, and strain variation characteristics of steel bars of the five beams were stud-
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ied by monotonous loading tests. The finite element software ABAQUS was used to simulate and ana-
lyze the loading process of the five beams and the calculation method of peak carrying capacity of each
beam was also studied based on the existing design specifications and test data. The results show that
flexural failure occurred in all specimens, the broken and fall-off zone of concrete beams with fiber in
compression zone was reduced. Compared with concrete beams with ordinary coarse aggregate, the
flexural bearing capacity of beams with fully recycled coarse aggregate was decreased by 6% . The flex-
ural bearing capacity of the beam after adding steel fiber is about 5% higher than that of the fully recy-
cled coarse aggregate concrete beam without steel fiber. The addition of steel fiber can also improve
the deformability of the concrete beam. The bearing capacity of beams strengthened directly with
CFRP could be increased by about 20% , and the bearing capacity of CFRP reinforced beams increas-
es by about 14 % when the beam was pre-damaged. The overall stiffness of the beams could also be en-
hanced by CFRP. The finite element analysis results of ABAQUS were in good agreement with the
test results, and the calculation results of the peak bearing capacity of each specimen beam based on
the current design code and the proposed formulas in this paper were also in good agreement with the
test results. Both bearing capacity calculation methods can be used in the design of concrete beam with
steel fiber and fully recycled coarse aggregate.

Keywords: concrete beam; steel fiber; fully recycled coarse aggregate; pre-damage and reinforce-

ment; numerical simulation; bearing capacity calculation
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Table 1 Mechanical properties of concrete materials

e+ 2mAd Wead Sortk B Ak

SR MR R PR s/ Rt/
G WA/ % B/ % E/MPa MPa MPa
€30 0 0 21.1 1.15  2.6x10'
€30 100 0 20.9 1.03  2.6X10
€30 100 1.0 20.9 1.10  2.6X10°

x2 WEMB A FERE

Table 2 Mechanical properties of reinforcement materials

bchii WA WRERE BURRE R

il f&/mm  f/MPa  f./MPa o/%
ENINE ¥ 8 437 653 13

N 16 498 613 26

1.2 i Hiit

R B 5 AR g S S B EE 3,
Horp 22 8% 1 R 1 200 mm X 400 mm, 22K 2 400
mm, § 5 2 100 mm.  Z2 4 Al A1 T505 9\ =) 89 4 %
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7 B9 0 AE (S1~S4) , 3 HE N 4% 5 K 5 v (4 86 1) o7
#(LVDT1~LVDT5) . 4534 1 e 75 52 7 o 25 B
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Table 3 Design parameters of specimens
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L-5 200X 400 100% 1% Tk 2T 4 A
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L] 5(:-.% 700 4 700 1L 700 1|,] SUL
1 2400 1
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Fig.1 Specimen size and reinforcement arrangement
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Fig.3 Loading device of specimens
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Fig.4 Failure modes of specimens
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Fig.5 Load-mid span deflection curves
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Table 4 Comparison of experimental and calculated

values
W e/ M/ K8E/ HEE, A/
i (kNem) (kNem) #3EH  (kN'-m) I[81{E
L-1 102.53 99.52 1.03 99.52 1.03
L-2 96.53 99.42 0.97 89.48 1.08
L-3 101.48 110.63 0.94 98.84 1.03
L4 121.72 120.86 1.01 120.86 1.01
L-5 116.09 120.86 0.96 120.86 0.96
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