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Hysteretic Behavior Evaluation of a RC Coupling Beam using a Steel
Fiber and Diagonal Reinforcement

ae Cheo R ihak Lee, an an Han, oungsu Shin,” an eon ook Jo
Hae Cheol Oh,” Kihak Lee,"* Sang Whan Han,” Myoungsu Shin,” and Yeong Wook Jo*
YDepartment of Architectural Engineering, Sejong University, Seoul, 143-747, Korea
IDepartment of Architectural Engineering, Hanyang University, Seoul, 133-791, Korea
)School of Urban and Environmental Engineering, UNIST, Ulsan, 689-798, Korea
4>Samsung C&T Structural ENG, Seoul, 137-956, Korea

ABSTRACT In this paper, a bundled diagonal reinforcement using high performance steel fiber was proposed to enhance the
construct ability and seismic performance. Experiments of coupling beam was composed of four specimens and the hysteretic
behavior evaluated for reverse cyclic loading to specimens using high performance steel fiber. The main variables of the experiment
is a amount of stirrup and bundled reinforcement, depending on whether the mix of steel fiber. Specimen which criteria was applied
100% of stirrup and bundled diagonal reinforcement of ACI318 criteria. With this, by appling same diagonal reinforcement, two
specimens were created by adjusting stirrup of 75%, 50%. So, a total of four specimens were produced. When coupling beam was
placed concrete, this experiment was mixed in a content of steel fiber 1%. All the specimens were produced by aspect ratio
3.5(1/h=1050/300) to a half-scale. In this result, two specimens as reduced to stirrup of 75%, 50% was no significant difference in the
strength, stiffness and energy dissipation capacity, respectively compared to the stirrup of 100%.

Keywords : coupling beam, steel fiber, diagonal reinforcement, energy dissipation capacity
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Table 1 Steel fiber properties

Tensile Elastic . Volume
Diameter | Length .
strength | modulus (mm) (mm) fraction
(MPa) (GPa) (%)
3,070 210 0.38 30 1.0

Table 2 Mixture proportion of cement composites

W/B S/a Unitary quantity (kg/m®)

(wt%) | (Vol%) | w | OPC S G |HPMC
28.8 60 223 | 543 | 699 | 466 | 0.4

Table 3 Strength of cement composites

Compressive Sir(?rlrrll at Modulus of| Tensile
strength ¢ trené)t.h elasticity strength
St. St. St. St.
Ave. dev. Ave. dev. Ave. dev. Ave. dev.

3D
1.0% 496 | 16 | 25 | 03 | 252 | 3.5 |4.89|0.16

wn =

S

[¥]

Tensile stress (M Pa)
]

0

5
s 0.3 Tensile strain (%) ! L

Fig. 2 Direct tensile test of cement composites
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Table 4 Summary of test four specimens
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. . Aspect Diagonal bars Longitudinal bars Transverse bars
. Width | Height | Span . Angle - - - -
Specimen (mm) | (mm) | (mm) ratio a (%) Diameter | No. of | Diameter | No. of | Diameter | Spacing

(Ln /h) (mm) bars (mm) bars (mm) (mm)

BD-SF1-S100 | 250 300 1050 3.5 10.70 25.4 8 13 10 12.7 120
BD-SF1-S75 250 300 1050 35 10.70 254 8 13 10 12.7 180
BD-SF1-S50 | 250 300 1050 3.5 10.70 254 8 13 10 12.7 250
SD-SF1-S100 | 250 300 1050 35 8.90 254 8 13 10 12.7 120
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Fig. 3 Reinforcement details and strain gauge layout for four specimens
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Table 5 Cycle summary of experimental test results
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Specimen V., (kN) 0,(%) 0, (%) V; (kN) 0,(%) n
+ 362.11 1.38 482.36 9.61 352.77 11.68 4.88
BD-SF1-S100
- 378.15 1.35 503.98 7.94 421.81 9.74 3.95
+ 384.12 1.36 512.16 7.43 485.62 9.95 3.70
BD-SF1-S75
- 379.12 1.36 505.49 7.08 446.93 8.70 2.87
+ 356.22 1.28 474.96 9.38 391.40 11.02 4.71
BD-SF1-S50
- 387.02 1.38 516.03 8.35 382.81 8.93 4.15
+ 338.98 1.29 451.97 7.49 342.76 7.33 3.71
SD-SF1-S100
- 357.81 1.42 477.08 9.36 319.15 9.90 4.66
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Table 6 Energy dissipation of four specimens

Specimen Accumulated dissipation Re(.iu*ction
energy E (kN « mm) ratio (%)
BD-SF1-S100 777,406 -
BD-SF1-S75 764,304 1.69
BD-SF1-S50 706,146 9.17
SD-SF1-S100 594,499 23.53

"Reduction ratio compared with the standard specimen
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Fig. 9 Cumulative dissipated energy of four specimens
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