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ARTICLE INFO ABSTRACT

Due to the improved energy-dissipation and deformation capacity compared to the conventionally reinforced
concrete (RC) coupling beams, diagonally RC coupling beams are recommended by the ACI 318 code especially
for a span-to-depth ratio of less than two and thus acquire more and more applications in coupled wall and core
tube systems for tall buildings. This paper proposes a sufficiently accurate and efficient displacement-based fiber
beam-column model for the nonlinear seismic analysis of diagonally RC coupling beams with span-to-depth
ratios ranging between one and five. The model is developed on the platform of a general FEA package
MSC.Marec. First, the conventional fiber beam-column element is modified to consider the flexural contribution
of diagonal bars. Then the new section shear force-shear distortion and slip deformation rules are proposed and
incorporated into the modified fiber element, respectively, since both the shear and reinforcement slip are
critical mechanisms influencing the seismic performance of the beam. The equations for critical model para-
meters including the cracked shear stiffness and chord rotation limit are developed and verified based on the
results of sixteen test specimens collected from previous research. The model is utilized to simulate the collected
specimens together with a coupled wall system and proves to be a powerful tool for the nonlinear seismic
analysis of diagonally RC coupling beams and coupled walls with satisfied accuracy, efficiency and modeling
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1. Introduction

Nowadays reinforced concrete coupled walls and core tubes have
become the most popular structural system for tall buildings due to
their efficient resistance to seismic actions and compatibility with ar-
chitectural requirements. In a coupled wall structural system the cou-
pling beams are key components, which contribute significantly to
structural stiffness under frequent earthquakes and energy dissipation
during severe earthquakes. Numerous efforts have been devoted to in-
vestigating the seismic behavior and improving the seismic perfor-
mance of RC coupling beams [1-14].

Among all kinds of RC coupling beams, in practice the beams with
conventional and diagonal reinforcement layouts are the most widely
used. Compared with the coupling beams constructed with reinforce-
ment scheme similar to frame beams (Fig. 1[a]), it is confirmed by
many test results that the diagonal reinforcement layout (Fig. 1[b]) that
was first introduced by Paulay and Binney [3] benefits the coupling
beam with significantly a higher deformation and energy-dissipation
capacity [3-11], as illustrated by Fig. 1(d). In addition, ACI 318-14 [15]
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introduced an alternative detailing option, as shown in Fig. 1(c), where
transverse reinforcement is placed to confine the entire beam cross
section instead of the diagonal bar bundles. Consequently the con-
struction of a diagonally RC coupling beam is greatly simplified.

Recently, the nonlinear dynamic analysis has gained increasing at-
tention and application in the performance-based seismic design of tall
buildings, which requires nonlinear models for all structural members
with adequate accuracy, efficiency and numerical stability.
Displacement-based fiber beam-column elements have been success-
fully used to model the frame beams and columns due to their simpli-
city and accuracy [16,17]. However, the diagonally RC coupling beams
featured with complex hysteretic behavior cannot be reasonably si-
mulated by the conventional fiber model. It is thus necessary to develop
an enhanced fiber model for the seismic structural analysis of coupling
beams in tall buildings that is capable of considering the nonlinear
shear and reinforcement slip effects and still keeps the simplicity and
convenience of the original fiber model.

To date, several researchers have reported macro models for diag-
onally RC coupling beams based on springs, hinges and line elements
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(c) Improved diagonal layout
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Nomenclature Vin shear force of unloading starting point from the skeleton
curve
A area of the coupling beam section Vre shear force of reloading beginning point
Agq sectional area of diagonal reinforcements Vsd,i Vssa,i shear force of strength deterioration point
Asy sectional area of section confining transverse reinforce- Vun shear force of unloading starting point from the other
ment curves
b width of the coupling beam a inclination angle of diagonal bars
d effective depth of the coupling beam B the shear stiffness reduction factor
Dy diameter of diagonal bars Sext slippage of the bar caused by strain accumulation along
D diameter of top or bottom longitudinal bars the development length
E concrete elastic modulus Simit slip corresponding to Yimit
fo cylinder concrete compressive strength Sm slip deformation of strength deterioration point
fsa current stress of the diagonal bars Sre slip of reloading beginning point
fya yield strength of the diagonal bars 8¢ slip of reloading turning point
fn yield strength of top or bottom longitudinal bars Sun slip deformation of unloading starting point from other
G concrete shear modulus = E/2(1 + v) curves
h depth of the coupling beam Sun,m slip deformation of unloading starting point from the
i counter tracing successive cycle numbers in one direction skeleton curve
reaching current maximum strain s current strain of the diagonal bars
ki ko and ks shape control parameters for monotonic tensile stress- &y yield strain of the diagonal bars
strain curves of rebar Yer shear strain of the cracking point at the shear skeleton
ker cracked shear stiffness curve
Kini initial shear stiffness of the shear force-shear strain ske- Ylimit drift ratio at strength degradation
leton curve Ym shear strain of the strength deterioration point
ke reloading reference slope Yre shear strain of reloading beginning point
ke slope before the reloading turning point Ye shear strain of reloading turning point
l length or span of the coupling beam Yun shear strain of unloading starting point from other curves
I/h span-to-depth ratio of the coupling beam Yun,m shear strain of unloading starting point from the skeleton
L. length of elastic region for the bar anchorage curve
Loy length of inelastic region for the bar anchorage Oext angle of the slip-induced crack at the beam ends
ng number of diagonal bars in each bundle Psv ratio of section confining transverse reinforcement,
m number of top or bottom horizontal bars Psy = NsyAsy/bs
Ngy number of legs of sectional transverse rebars Psd ratio of diagonal reinforcements, psq = ngAsa/bh
s spacing of section confining transverse rebars v concrete Poisson’s ratio = 0.17
Ver shear force of the shear cracking point
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Fig. 1. Comparison of RC coupling beams with different reinforcement layouts.
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