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a b s t r a c t

Coupled wall (CW) structures are outstanding lateral load resisting systems that not only reduce the
deformation demands on the building, but also distribute inelastic deformation both vertically and in
plan, between the coupling beams and the wall piers. When subjected to large seismic loads, coupling
beams may deteriorate relatively quickly exhibiting both strength and stiffness degradation. This results
in a rapid evolution in the performance of the CW system from behaving as a coupled wall system to
behaving as a system of linked wall piers (LWP). This evolution of behavior is the focus of this work which
considers a prototype 12-storey reinforced concrete coupled core wall (CCW) building. Five prototype
variations, having the same wall pier pairs but degrading degrees of coupling were designed to study
the effects of decayed coupling action. Elastic analyses using the equivalent lateral force (ELF) procedure
and the continuous medium method (CMM) were used to establish initial proportions for the CCW pro-
totype, and to determine the design forces and moments. Nonlinear static and dynamic analyses were
conducted to investigate the CCW structural behavior, adequacy of the design, and the effect of the evo-
lution of the structural form from a CCW system to a collection of LWPs. As expected, the structures
having weaker coupling beams exhibited yield at lower lateral loads. The accompanying reduction in cou-
pling stiffness, however, mitigated this effect although the wall pier demand clearly rose with reduced
coupling. In every case, however, the walls embodied sufficient overstrength to permit the overall struc-
ture to perform well. An additional aspect of this work is that the wall piers in the CCW were significantly
different in terms of their dynamic and geometric properties: the moments of inertia of the two wall piers
of the CCW differed by almost an order of magnitude. The different wall pier capacities affected perfor-
mance and require bi-directional pushover analyses but did not result in a significant reduction in capac-
ity as may be initially intuited.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Controlling the lateral displacement of a structure subject to
seismic loads is a predominant issue in the design of mid- to
high-rise buildings. This lateral displacement is considered to be
a primary indicator of the degree of damage imparted to the struc-
ture and can additionally lead to unintended structure–structure
interaction (i.e., pounding) if not controlled. Performance criteria
in the performance-based design (PBD) approach are usually dis-
placement based. Therefore, one goal in design is to provide ade-
quate stiffness to ensure that this displacement is within
acceptable limits.

Coupled walls (CW) are a common form of shear wall structure
in residential and multi-storey commercial buildings. A CW system
resist lateral forces through a combination of flexural behavior of

the wall piers and ‘frame’ action imparted by the coupling beams:
an axial force couple is developed in the wall piers through the
accumulation of shear in the coupling beams. The stiffness of the
coupling beams governs the behavior of CW systems. The impact
of the shear resistance of the beams is to make the CW system
behave partly as a composite cantilever, bending about the centroi-
dal axis of the wall group. The resulting stiffness of the coupled
system is much greater than the summation of stiffnesses of the
individual wall piers acting separately as uncoupled walls or in
parallel as a collection of linked wall piers (LWP).

In a structural system, where lateral forces are resisted by a
combination of systems, the more flexible component will exhibit
lower ductility demand than the stiffer component of the struc-
ture. In the case of a coupled wall structure, the ‘frame’ action, that
is: the axial forces in the walls resulting from the accumulated
shear in the beams, is stiffer than the flexural response of the indi-
vidual wall piers. As a result, the coupling beams exhibit greater
ductility demands and damage than do the wall piers. As the
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damage progresses, it results in a structural system that may rap-
idly evolve from behaving as a coupled wall (CW) system to behav-
ing as a collection of linked wall piers (LWP). Allowing the behavior
of CW systems to evolve into that of a pair (or collection) of linked
cantilever piers raises a number of concerns with regard to the
dynamic behavior of such a system. Based on the expected evolu-
tion of performance, the linked wall pier system will be subject to
large demands since the system is presumably behaving as a stiffer
CW system at lower performance levels. In a sense, this evolving
behavior may be represented as a progressive reduction in the
degree of coupling (doc):

doc ¼ CLW

CLW þ
P

Rwall
¼ CLW

OTM
ð1Þ

where CLW = Frame action of coupling beams, RRwall = Moment
resisted by wall piers, OTM = overturning moment.

If one considers the effective lateral stiffness of a CW system as
a function of the doc, the effect of reducing the doc from an initial
value (perhaps on the order of 55%) to a very low value (say 10%)
results in an increase in structural flexibility (and therefore
demand on the wall piers) on the order of 45% [1].

Traditional strength-based design (SBD) of CWs [2] often results
in coupling beam demands in excess of capacities permitted by the
concrete design code [1,3]. Inherently large redundancy factors
associated with CWs, and directional effects [4] also result in
increased shear demand on coupling beams. Studies have clearly
shown that current strength-based analysis and design procedures
typically result in excessive coupling beam shear and inadequate
ductility [5,1]. It is clear from this discussion that the design of cou-
pling beam elements is critical to the structural performance of a
CW system. In this work, a performance-based design (PBD) meth-
odology was used to design the CW system. PBD generally allows
controlled non-linearity in specified structural members as long
as certain structural and element performance criteria are satisfied.
Also, it allows the designer to select how the structure will behave
and provides the framework for selecting performance objectives
for the structure.

A rational approach to CW design, founded on a PBD approach
has been proposed [6]. The proposed PBD approach recognizes
the preferred yielding mechanism of CWs [7] and takes advantage
of the available ductility of the coupling beams. Fig. 1a shows an
idealized response of a CW designed using a PBD approach. In
the case shown, the coupling beams were permitted to yield at a

base shear (VB) lower than the code-prescribed design base shear
(VC at life safety (LS) performance objective) and the wall piers
yielded at VW � VC. VD is the base shear corresponding to the CW
attaining its code-prescribed drift limit (typically 2%). Other per-
formance spectra are possible such as allowing inelasticity in the
wall piers at design base shear levels (VW < VC).

In the present study, it is conceived that different behavior may
be permitted at different performance levels. For example, a CW
may be designed to behave as a CW system at the life safety (LS)
performance level but as a collection of linked wall piers at the col-
lapse prevention (CP) level (essentially, having exhausted the
capacity of the beams) as shown in Fig. 1b. In Fig. 1, the fundamen-
tal structure considered was represented by its structural period:
TCW for the CW system (Fig. 1a) and TCW evolving into TLWP where
only the wall piers provide lateral force resistance following
designed-for exhaustion of the coupling beam capacity (Fig. 1b).

2. Objectives of present study

The objective of this study is to introduce and demonstrate a
performance objective based on accepting and even leveraging
the behavior of dual or evolving structural systems. In this
approach, the performance domain was defined as the structural
form of the lateral force resisting system (LFRS) itself: the LFRS of
the structure was permitted (indeed, encouraged) to evolve from
one form to another based on increasing demand during a seismic
event. This rapid evolution may then be optimized to affect both
rational performance criteria at various demand levels and econ-
omy in design. The example considered was the evolution of cou-
pled core wall (CCW) systems to systems of linked wall piers (LWP)
at increasing lateral load demands, shown schematically in Fig. 2.

The concept is envisioned for a typical dual system as follows:
The structure performs as a dual structure (in this case, as a cou-
pled wall) at a particular (design) performance level. At a perfor-
mance level having a greater demand, the capacity of one of the
components of the dual system (coupling beams) is permitted to
be exhausted as the structure essentially becomes a single LFRS
structure (a collection of linked wall piers, in this case). Such an
approach will result in a more rational performance for the struc-
ture and a more economical structural design particularly in cases
where the components of the dual system have significantly dispa-
rate stiffness and thus proportional demands as is the case in CW.

Fig. 1. Idealized spectral capacity behavior of a CW.
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