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Experimental study on flexural performance of reinforced concrete
beams with HRB635 high-strength reinforcement
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Abstract: Flexural performance tests on 11 beams of full-scale reinforced concrete ( RC) with HRB635
high-strength reinforcement were carried out to investigate their damage mechanism, failure mode as well as strength
and ductility. The feasibility of the Chinese code formulae for calculating the ultimate flexural load bearing capacity
and the maximum crack width of flexural components was also assessed for RC beams with high-strength
reinforcement. The results indicate that the mechanical behavior and damage mechanism of the RC beams with
HRB635 high-strength reinforcement are basically identical to those of RC beams with common reinforcement. The
tensile high-strength reinforcements yielded first, then the compressive concrete crushed, and the tensile strength of
the high-strength reinforcements can be fully utilized. The ultimate flexural moments of the test specimens calculated
by the Chinese code were close to those of the test values, indicating that the flexural load bearing capacity of the
beams with high-strength reinforcement can still be calculated according to the current Chinese code. The tested
maximum crack widths of the specimens under serviceability limit state all exceeded the limit value of flexural
structural components under short-term load, indicating that the design of RC beams with high-strength

reinforcements may be controlled by the serviceability limit state rather than ultimate limit state. The calculated
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maximum crack widths were close to the tested ones, while the calculated results were slightly larger.
Key words: HRB635 high-strength reinforcement; reinforced concrete beam; flexural performance; experimental

study
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Table 1 Design parameters of specimens
X5 P E/mm PAHREL A/ % TRBE LIRS
B1-18-A-40 18 3 0.74 C40
B2-25-B-40 25 2 0.96 C40
B3-22-C-40 22 3 1.11 C40
B4-25-D-40 25 3 1.44 C40
B5-22-A-40 22 2 0.74 C40
B6-20-B-40 20 3 0.92 C40
B7-22-D-40 22 4 1.48 C40
B8-25-E-40 25 4 1.93 C40
B9-22-C-60 22 3 1.11 C60
B10-22-D-60 22 4 1.48 C60
B11-25-D-60 25 3 1.44 C60
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Fig. 1

Geometry and reinforcement of specimens
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Table 2 Mechanical properties of steel bars

R I A& d/mm JE R B £,/ MPa PUHISRIE £,/ MPa RS /%
HRB400 10 519.00 585.67 20.61
HRB635 12 646.67 825.15 20.33
HRB635 18 654.70 819.19 20.66
HRB635 20 657.20 842.30 18.55
HRB635 2 641.42 832.67 18.87
HRB635 25 636.12 816.27 19.88
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Fig.2 Test loading setup
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Fig.3 Crack distribution and damage pattern of test beams
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Fig.4 Damage mode of test beams
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Fig.5 Bending moment-deflection relationship curves of the test beams
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Table 3 Characteristic values of the mechanical behavior of specimens

AR = e i A UEEARL AN, B e JE M R AL
R4S

M,/(kN+m) A, /mm My/( kN + m) Ay/mm Mp/( kN - m) Ap/mm M,/(kN-m) A,/mm Au/Ay
B1-18-A-40 38.44 3.53 175.88 32.06 212.18 80.00 180.4 104.69 3.26
B2-25-B-40 41.18 2.83 222.63 32.08 252.00 64.00 214.2 70.36 2.19
B3-22-C-40 38.65 2.71 291.61 33.25 320.25 56.86 272.2 73.30 2.20
B4-25-D-40 40.36 2.54 307.79 34.17 329.25 47.22 279.9 59.37 1.74
B5-22-A-40 38.51 4.43 211.28 35.08 237.00 84.55 201.5 102.20 2.91
B6-20-B-40 41.86 4.21 239.98 30.13 260.25 70.23 221.2 82.66 2.75
B7-22-D-40 48.27 2.76 305.43 30.46 325.50 45.30 276.7 51.37 1.69
B8-25-E-40 46.57 2.45 414.39 35.52 451.50 60.00 383.8 66.27 1.87
B9-22-C-60 41.16 2.66 286.88 43.34 321.75 90.00 273.5 96.12 2.81
B10-22-D-60 47.16 2.42 333.87 38.15 363.75 77.16 309.2 83.01 2.32
B11-25-D-60 42.78 2.41 377.14 36.59 401.25 82.21 341.1 86.62 2.53
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Fig. 6 Comparison of bending moment-deflection curves of beams with different concrete strength
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Table 4 Comparison between tested and calculated values of flexural bearing capacity

frvGa a3 M./ (kN + m) M,/ (kN + m) M/M,
B1-18-A-40 192.0 212.2 1.11
B2-25-B-40 233.5 252.0 1.08
B3-22-C-40 270.3 320.3 1.18
B4-25-D-40 334.5 329.3 0.98
B5-22-A-40 186.6 237.0 1.27
B6-20-B-40 226.4 260.3 1.15
B7-22-D-40 347.6 325.5 0.94
B8-25-E-40 424.9 451.5 1.06
B9-22-C-60 276.1 321.8 1.17
B10-22-D-60 357.9 363.8 1.02
B11-25-D-60 343.9 401.3 1.17
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Table 5 Measured and calculated maximum crack widths of specimens under service ability limit state

g5 M,/ (kN « m) ),/ mm ),/ mm O/ O
B1-18-A-40 106.00 0.34 0.32 1.06
B2-25-B-40 126.00 0.32 0.34 0.94
B3-22-C-40 160.10 0.31 0.33 0.94
B4-25-D-40 164.60 0.27 0.24 1.13
B5-22-A-40 118.50 0.38 0.43 0.88
B6-20-B-40 131.25 0.34 0.32 1.06
B7-22-D-40 162.75 0.28 0.21 1.33
B8-25-E-40 223.88 0.21 0.23 0.91
B9-22-C-60 160.88 0.33 0.31 1.06
B10-22-D-60 183.00 0.29 0.23 1.26
B11-25-D-60 200.40 0.33 0.30 1.10
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