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ABSTRACT

Seismic and wind behavior of reinforced concrete coupling beams with different
span-depth ratios and reinforcement layouts was investigated. Reinforced concrete
coupling beams can form an efficient energy dissipating fuse and force transfer element
between reinforced concrete shear walls under seismic or wind action of tall buildings.
In order to understand reinforced concrete coupling beams’ behavior, this study used
the Pivot Hysteretic Model to simulate experimental results from previous researches
(Barney et al., 1980; Lim et al., 2016a; Lim et al., 2016b) and compared test results
between conventional longitudinal coupling beams and/or diagonal coupling beams
with (I/h) < 2.0, 2.0 < (In/h) < 4.0 and (In/h) = 4.0 under cyclic loading. Based on the
comparison, the study will be expanded for purpose of proposing a new reinforcement
layout and/or design/modeling methodology of reinforced concrete coupling beams with
reasonable energy dissipation and constructability.

1. INTRODUCTION

Reinforced concrete coupling beams can form an efficient seismic system
between reinforced concrete coupled shear walls for resisting lateral loads in tall
buildings. In order to understand reinforced concrete coupling beams’ behavior, this
study applied the Pivot Hysteretic Model of ETABS to obtain similar hysteretic results to
experimental results from previous researches. This was done to better simulate
effective flexural stiffness, effective shear stiffness and hysteretic parameters. Modeling
and experimental results are compared between longitudinal coupling beams and/or
diagonal coupling beams with (I/h) < 2.0, 2.0 < (Iv/h) £ 4.0 and (In/h) = 4.0 under cyclic
loading. Specimens C5, C6, C7 and C8 (Barney et al., 1980), CB10-1, CB10-2, CB20-1
and CB20-2 (Lim et al., 2016a), and CB30-C, CB40-C and CB30-DB (Lim et al., 2016b)
were investigated in this study.
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2. MODELING

For coupling beams, effective flexural stiffness (Ecl), effective shear stiffness
(EcAq), plastic rotation at significant shear strength degradation, and residual strength
are important parameters of modeling. In this study, the Pivot Hysteretic Model (Dowell
et al.,, 1998; Sharma et al., 2013) of ETABS was applied for obtaining effective
stiffnesses and hysteretic parameters (a, B, etc.) from previous research outcomes.
The results are shown in Table 1 and Fig. 1.

Table 1 Parameter values

Specimen Layout In/h Eclg EcAg a B
CB10-2 Longitudinal 1.0 0.07 0.15 10 0.095
CB20-2 Longitudinal 2.0 0.2 0.15 3 0.124
CB30-C Longitudinal 3.0 0.3 0.15 3 0.123
CB40-C Longitudinal 4.0 0.3 0.16 3 0.152

1500 -7 1500 — ‘ 337
1200 - 1200 IRIEN) L2570
900 - 900 | i 202
- 600 - ;_ = 600 - ~135 -
é 300 - 2 Z 300 67 §
P 0 P D 0 ‘ 0o °
£ 300 z £ ! |67 B
= 3 ho‘ =300 (-67 3
-600 -600 — -135
-900 - -
e -900 @ longitudinal bar yields -202
-1200 W peak force =269 -1200 m peak force 270
-1500 —— T T T T 1 -336 1500 ———— - 337
-10 -8} 6 4 20 2 416 :§ 10 8-10-8-6-4-20246 810
Drift Ratio (%) Drift Ratio (%)
(a) CB10-2 (b) CB20-2
1000 225 1000 225
800 —| (1.2%:682.2kN) L 169 800 (3.8%:668.7kN) | 160
600 | 600 -
L 113 113
400 —{ 400 —
z 56 & = 79% |56 ‘=
E 200 — 5 E 200 — 5
s 0 o 2 e 0 0 =
2 E 2 B
2 200 56 2, £ 200~ 56 2
400 —| 400 —
| 113 113
600 — % @ yicld of longitudinal bar 600 — |@® yicld of longitudinal bar
800 - | maximum lateral load [~ -169 800 — B maximum lateral load [~ -169
| A yield of stirrups A yield of stirrups
1000 T T T T T 225 1000 — T T T 1T 7 T 225
0 8 6 4 2 0 2 4 6 8 -10 0 8 -6 4 2 0 2 4 6 8 10
Drift Ratio (%) Drift Ratio (%)
(c) CB30-C (d) CB40-C

Fig. 1 Hysteretic models for longitudinal coupling beams

In terms of effective stiffness, the following is suggested: 1) FEMA 356 (2000)
recommends stiffness values of 0.5Ecly and 0.4E:Ag; 2) ACI 318R-14 (2014)
recommends stiffness values of 0.35Eclg and 1.0EcAg; 3) TBI 2017 (2017) recommends
0.07(ln/h)Eclg (£ 0.3Eclg) and 0.4EcAq; and 4) PEER/ATC 72-1 (2010) recommends
0.15Eclg and 0.4EcAg (for In/h = 2.0) or 0.1EcAq (for In/h < 1.4), with linear interpolation
between 0.4EcAy and 0.1EcAg (for 2.0 = Io/h = 1.4). According to the results of
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longitudinally reinforced coupling beams, the effective flexural stiffness values
prescribed by TBI 2017 are closer to obtained values, and the effective shear stiffness
values prescribed by FEMA 356, ACI 318R-14, TBI 2017 and PEER/ATC 72-1 are
generally higher than obtained values.

3. PINCHING MECHANISM

The presence of pinching effect occurred in longitudinally reinforced coupling
beams after steel yielding, approaching to the origin in the hysteretic loops (Fig. 1). This
phenomenon was mainly due to the opening and closing of concrete cracks under
cyclic loading and led to degradation of stiffness, deterioration of strength and the
reduction of energy dissipation capacity (Mansour et al., 2005).

The mechanism of pinching is illustrated in Figs. 2 and 3. Since the horizontal
shear stress, on, induces a compressive stress in steel bars (Fig. 2(b)), and the vertical
tensile shear stress, oy, induces a tensile stress in steel bars in the meantime (Fig. 2(c)).
These two stresses will cancel each other out and result in tiny shear resistance but
with a large shear strain of RC element. However, in case of absence of pinching (Fig.
3), while steel bars are parallel to the horizontal shear stress, on, and the vertical tensile
shear stress, oy, they will resist these two shear stresses, allowing for an element to
have a higher shear stiffness than 45°-rotated steel bars. Therefore, diagonally
reinforced coupling beams generally have a better deformation capacity and energy
absorption than longitudinally reinforced coupling beams due to its rounded hysteretic
loops.
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Fig. 2 Cracked RC element grid with 45°-rotated diagonal steel bars
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Fig. 3 Cracked RC element grid with grid-type steel bars
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4. TEST RESULTS

Test results from previous research show that diagonally reinforced coupling
beams can offer higher shear strength and have lager deformation capacity than the
counterpart of longitudinally reinforced coupling beams with different span-depth ratios
(Table 2). It is notable that diagonally reinforced coupling beams with higher span-
depth ratio have a decreasing trend of drift ratio at maximum load capacity as shown in
Fig. 4. After the diagonally reinforced coupling beams reached the maximum load, the
shear load dropped down much more suddenly, compared to that of the longitudinally
reinforced coupling beams.

Table 2 Test results

Specimen Layout Wh Shear Drift ratio | Ultimate drift Normalized shear
strength (kN) (%) ratio (%) strength (VMPa )
C5 Longitudinal 2.5 41.8 3.1 8.4 0.63
C6 Diagonal 2.5 56.6 4.7 5.4 0.86
Cc7 Longitudinal 5.0 23.1 2.7 6.0 0.35
C8 Diagonal 5.0 334 4.5 6.9 0.51
CB10-1 Diagonal 1.0 1443.8 5.8 5.8 2.6
CB10-2 Longitudinal 1.0 873.6 1.7 1.7 1.3
CB20-1 Diagonal 2.0 -1073.0 -2.2 -2.2 1.3
CB20-2 Longitudinal 2.0 1098 2.3 -2.3 1.2
CB30-DB Diagonal 3.0 728.2 2.7 7.4 0.78
CB30-C Longitudinal 3.0 682.2 1.2 4.1 0.66
CB40-C Longitudinal 4.0 668.7 3.8 5.1 0.44
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5. CONCLUSIONS
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Fig. 4 Span-depth ratio versus drift ratio

Based on the modeling and experimental results of the previous research, two
major conclusions can be drawn as follows:
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1. In the case of modeling longitudinally reinforced coupling beams (e,g, Lim et
al., 2016a; 2016b), the effective flexural stiffness values prescribed by TBI 2017 are
closer to the obtained values, while the effective shear stiffness values prescribed by
FEMA 356, ACI318R-14, TBI 2017 and PEER/ATC 72-1 are generally higher than the
obtained values.

2. Diagonally reinforced coupling beams have better resistance of shear strength,
deformation ductility and energy dissipation capacity than longitudinally reinforced
coupling beams due to absence of pinching effect; however, there is a potential for the
latter to be used for many purposes, particularly for tall coupled shear wall buildings in
the regions where high wind force and moderate-to-high seismic force are present.
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