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Flexural Behavior of RC Beams Using High—Strength
Reinforcement for Ductility Assessment
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Abstract

This paper presents the appropriateness for using high strength reinforcement according to the
use of high strength concrete. Nine flexural tests were conducted on full-scale beam specimens
according to the concrete strength, reinforcement strength and reinforcement ratio as main
variable. The structural behavior was analyzed due to the flexural strength, stress—strain curve,
deflections at yielding and fracture point, crack appearance and ductility factor. The member with
high-strength reinforcements showed large deflection at yielding point and this was analyzed as
a main cause to decrease the ductility factor. Structural behavior after yielding point, however,
showed similarity to behavior of members with normal strength reinforcements of same stiffness.
It was found that in the case of using reinforcements of 5500kgf/cri strength, the combination
with concrete of 800kgf/cr strength demonstrated the great appropriateness which can increase

the flexural capacity without any reduction of maximum reinforcement ratio.
Keywords : high-strength concrete, high strength steel, upper limit of reinforcement ratio,
ductility  This combination also showed the same ductile behavior with the

combination with normal concrete behavior.
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Table 1 Concrete test results

Concrete | Compressive | Splitting tensile E. (x10P
strength strength strength kc £/cr)
(kef/cn) | (kef/cm) (kef/cr) 5
250 280 21.1 2.760
400 402 216 2.943

Table 2 Mechanical Properties of
Reinforcing Bars

f E, fu
Tyve (kgf}//cm’) (x106kef/cn) | (x 166*6) (kef/ct)
D16 3470 1.793 1.935 4830
6000 2.056 2918 7200
D25 3550 2.018 1.759 4620
5720 2.003 2.856 6810
D19 3670 1.937 1.895 5060
D22 3510 1.872 1.875 4720
D29 3540 2.000 1.77 4820
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Table 3 Concrete mix proportions

strength | W/C | W C |Fine agg. Coarse agg (kg) —— Admixture(kg) Slump | ,. ©
(kgt/em2)| %) | (@) | (k@) | (k@) | 19mm | 25mm | ET 3 | 2T | acaa | (em AT
ZA 74
250 49 182 | 371 808 1.113 - - 15 4
- 7.168 1.024 15 | 45

400 34 174 | 512 725 930

Load deflection curve
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Fig. 3 Load-deflection curve for H-5 series Fig. 4 Load—deflection curve for H-3 series
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Table 4 reinforcement detail

Reinforcement
Concrete | Steel Type Area ratio/o
2D-29 | 12.348 0.765
250 3000 | 2D-22 7.742 0.461
2D-19 573 0.341
2D-25
+9D-29 17.876 0.650
2D-25
400 3000 D19 12.848 0.467
2D-22
“1D-19 10.607 _0.386
2D-25 | 10.134 0.750
400 5500 | 3D-16 5.958 0.443
2D-16 3972 0.295
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Ductility of specimens

Fig. 6 Reinforcement ratio vs. ductility index
curve
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Table 5 Test result of ductility

Specimen ] p/po As A As | u=Ay/A,
H-5-1 0.750 10.134 25.0 29.0 1.16
H-5-2 0.443 5.958 19.2 39.0 2.03
H-5-3 0.295 3.972 16.2 49.0 3.02
H-3-1 0.650 17.876 21.0 250 1.19
H-3-2 0.467 12.843 189 32.2 1.70
H-3-3 0.373 10.607 10.5 31.2 2.97
M-3-1 0.765 12.848 20.0 26.2 1.31
M-3-2 0.461 7.742 14.6 30.2 2.07
M-3-3 0.341 5.730 75 21.3 2.84
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5 Concrete strength effect on ductility
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Fig. 7 Concrete strength effect on ductility

Concrete strength effect on load deflection— curve

16 S - -
14 g Pammmmmm——T B T o)

Load(ton)
o]

oN BB O
T

r L L ! )

0 5 10 15 20 25 30 35 40
Deflection(mm)
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Reinforcement replacement effect on ductility
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Fig. 9 Reinforcement replacement effect
on ductility
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