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Cyclic Behavior of High-Performance Fiber-Reinforced Cement
Composite Coupling Beam Having Diagonal Reinforcement

Hyun-Wook Kwon," Yong-Ryul Jeon,” Ki-Hak Lee,” Myung-Su Shin,” and Sang-Whan Han""
YDept. of Architectural Engineering, Hanyang University, Seoul 133-791, Korea
“Dept. of Architectural Engineering, Sejong University, Seoul 143-747, Korea
9School of Urban and Environment Engineering, Unist, Ulsan 689-798, Korea

ABSTRACT Coupled shear walls can provide an efficient structural system to resist lateral force. However, the reinforcement
detail for diagonally reinforced coupling beams required by ACI-318 often causes the difficulties in construction due to the
reinforcement congestion and interference among reinforcement. This paper is to evaluate cyclic behavior of High-Performance
Fiber-Reinforced Cement Composite (HPFRCC) coupling beams having reduced transverse reinforcement around the beam
perimeter. Experimental test was conducted using three specimens having a beam aspect ratio 2.0. Test results showed that HPFRCC
coupling beams with half of transverse reinforcement required by ACI-318 provided similar energy dissipation capacities compared
with the coupling beams having reinforcement satisfy the requirement of ACI-318.

Keywords : coupling beam, coupled shear walls system, diagonal reinforcement, high-performance fiber-reinforced cement composite,
cyclic behavior
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(a) Confinement of individual diagonals
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Fig. 1 Two confinement layout of diagonals in ACI 318 (2008)
Table 1 Summary of test specimens
Span-to Diagonal Longitudinal Transverse
Speci Width | Height | Span | -height Angle reinforcement reinforcement reinforcement
ecimen - a
P (mm) | (mm) | (mm) | ratio (degree) | Bar size | No. of | Bar size | No. of | Bar size .
(L,/h) g no. bars no. bars no. Spacing
RC 13 14 13 120
FC-0.0 250 525 1050 2.0 20.4 22 8 x x X X
FC-0.5 13 14 13 250
Note) x : denotes no reinforcement
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(a) RC Fig. 3 Test setup

(b) FC-0.0
Fig. 4 Loading history
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Table 2 PVA fiber properties

Tensile Elastic Diameter Length Volume

strength | modulus (mm) (mm) fraction

(MPa) (GPa) (%)
1600 25 0.039 12 2.0

Table 3 HPFRCC mixture proportion (unit: kg/m3)

Fly | Silica Filler Super-
Cement ash | fume Water (CaCOs3) | plasticizer
489 3749 | 32.6 | 366.8 684.6 3.3

(a) Compressive strength (b) Direct tensile of HPFRCC
(dog-bone)

Fig. 5 Result of material test

Table 4 Mechanical properties of reinforcing bars
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Fig. 6 Lateral force versus drift ratio response
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Table 6 Summary of experimental results

. Ductility ratio
Specimen v, (kN) 0, (%) V, (kN) 6, (%) V; (kN) 0r (%)
i (=0,/0,)
RC ) 1004 2.0 1087 6.2 606 7.0 3.2
) 1086 2.0 1117 52 432 7.0 2.6
) 739 1.4 775 4.7 468 5.0 3.2
FC-0.0
) 743 1.4 909 4.0 401 5.0 2.8
) 981 1.7 1073 5.9 751 7.0 3.0
FC-0.5
() 1078 2.0 1163 6.1 746 7.1 3.0
Note) V, : yield load (measured), V, : maximum (peak) load (measured), V; : failure load (measured)

¢, : yield drift (measured), 0,
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Fig. 8 Crack progression and failures
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(a) Strength degradation

(b) Stiffness degradation
Fig. 9 Strength and stiffness degradation
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