Journal of the Korea Concrete Institute
Vol. 29, No. 3, pp. 291~298, June, 2017
https://doi.org/10.4334/JKCI.2017.29.3.291

pISSN 1229-5515
elSSN 2234-2842
www.jkci.or.kr

27 7ISH S50|HE|S ZA H-RC 2 Mol U= H HE
A - YT ) - FAHY
VAL AFgeyt  PA7|dgta SHE- AFT s P (F) I AE

Evaluation on Cyclic Flexural Behavior of HSRC (Hybrid
H-steel-reinforced Concrete) Beams Connected with Steel Columns

Hyuck-Jin Kwon,"

Keun-Hyeok Yang,?”

and Seung-Hyun Hong®

YArchitectural Engineering, Kyonggi University, Suwon 16227, Rep. of Korea

JDepartment of Plant-Architectural Engineering, Kyonggi University, Suwon 16227, Rep. of Korea
YHan-Ju ST Co., Ltd, Seoul 08390, Rep. of Korea

ABSTRACT The objective of the present study is to evaluate the cyclic flexural behavior of a hybrid H-steel-reinforced concrete
(HSRC) beam at the connection with a H-steel column. The test parameter investigated was the configuration of dowel bars at the
joint region of the HSRC beam. The HSRC beam was designed to have plastic hinge at the end of the H-steel beam rather than the RC
beam section near the joint. All specimens showed a considerable ductile behavior without a sudden drop of th applied load, resulting
in the displacement ductility ratio exceeding 4.6, although an unexpected premature welding failure occurred at the flanges of H-steel
beams connecting to H-steel column. The crack propagation in the RC beam region, flexural strength, and ductility of HSRC beam
system were insignificantly affected by the configuration of dowel bars. The flexural strength of HSRC beam system governed by the
yielding of H-steel beam could be conservatively evaluated from the assumption of a perfect plasticity state along the section.
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Fig. 1 Details of section dimension and reinforcement arrangement of specimens
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Table 1 Mixture proportion of concrete

C(?;;ir%rslseici | wic| s Unit weight (kg/m’)
0, o
strength o) | 0) | w C S G
50 10295/ 043 | 166 | 563 | 699 | 935

Note) W/C = water/cement ratio, S/a = sand/aggregate ratio,
W = water, C = cement, S = sand, G = gravel

Table 2 Mechanical properties of metallic materials

Yield Tensile Modulus
Type strength | strength of Elongat-
elasticity | ion (%)
(MPa) | (MPa) (MPa)
. . D13 523 639 200,579 18
Remgzcmg DI6 | 474 616 | 198,519 | 21
D25 524 661 202,571 18
SS400| 315 463 199,159 21
H-steel
SM490| 412 531 205,548 17
800
600
%/400
-
200
O 1 1 1 1
0 0.04 0.08 0.12 0.16 02
Strain

Fig. 3 Stress-strain curve of metallic materials
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Table 3 Summary of test results

. P, (kN) P, (kN) P, (kN) A, (mm) 4, (mm) fia
Specimen - ’ w,
+ - + - + - + - + - + -
C 52.4 | 55.8 | 179.3 | 180.6 | 286.2 | 301.1 | 25.0 | 25.0 |124.9 (5A)|1253 (54A)| 5.0 5.0 303
A 53.0 | 57.7 | 163.4 | 181.3 | 2953 | 275.6 | 29.2 | 29.1 |135.6 (547 )| 845 (3A)) | 4.6 ¥ 204
N 51.0 | 54.1 | 166.8 | 179.2 | 292.0 | 290.9 | 24.1 | 242 | 873 (44)) |115.2 (5A )| -* 4.8 145
Note: P, = initial flexural cracking load, P, = yield load, P, = ultimate load , A = free end displacement at the yielding

of H-beams, A, = free end displacement at the peak load, u,(=4,/A,) = displacement ductility ratio, and W, = work

damage index, The positive( T) and negative () moment directions are identified using ‘+* and

(3]

, respectively.

* The ultimate displacement at the negative or positive direction could not be measured in specimens A and N because
of a premature welding failure of flanges of H-beam connected with H-column.

Table 4 Comparisons of measured peak loads and predictions

(Mipeet) exp (Myeehre | Mooy /
Specimen (kN-m) (kN-m) (M) e
+ - + ‘ - + -
C 629.7 | 662.4 1.03 1.09
A 649.7 | 606.2 608.7 1.07 | 1.00
N 6424 | 640 1.06 | 1.05
Note: (4,,,,).,, = measured moment capacity, and
(M,,,;),,. = predictions calculated from the perfect

plasticity section

8
O At positive moment direction
6 O At negative moment direction
~ 5.00 501 4.64) (4.76
SR
N
=
2 -
0
C A N
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Fig. 9 Displacement ductility ratio of specimens
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Fig. 10 Cumulative work damage indictor of specimens
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