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ABSTRACT
Two subjects are being investigated, that are likely to lead to modifications in the design
provisions for reinforced concrete shear walls in buildings assigned to high seismic design
categories.
1. Seismic force-resisting systems incorporating coupled shear walls are highly suitable for
multistory reinforced concrete buildings; yet they are not recognized as distinct entities in Table
12.2-1 of ASCE 7. Therefore, such systems need to be designed using R-values that essentially
ignore the considerable benefits of having the coupling beams, which can dissipate much of the
energy generated by earthquake excitation. Coupled shear wall systems are recognized as distinct
from isolated shear wall systems in Canadian and New Zealand codes. Work is in progress to
take ASCE 7 in the same direction.
2. Tall buildings in the 400-ft height range are increasingly being built in highly seismic areas,
with seismic forces being resisted entirely by cores consisting of reinforced concrete shear walls.
The shear design of these shear walls is absolutely crucial to the safety of these structures.
However, we have at best an imperfect understanding of the maximum shear that can develop
and how it is transferred at the base. This design aspect is being looked into, with the aim of
improving code provisions.
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Introduction
The Provisions Update Committee (PUC) of the Building Seismic Safety Council (BSSC) that is
responsible for updating the 2015 NEHRP Recommended Provisions [1] has formed an Issue
Team (IT) 4 on Shear Wall Design. The IT has the broad mandate of identifying possible areas
of improvement in current design practices for shear walls of concrete, masonry, steel, and wood
and of formulating specific improvements. Two areas of improvement specifically addressed in
this paper are (1) Recognition of coupled shear walls as distinct seismic force-resisting structural
systems and (2) Design of reinforced concrete shear walls against shear.

1

S. K. Ghosh Associates, LLC, 334 E. Colfax St., Unit E, Palatine, IL 60067, USA (email: skghoshinc@gmail.com)

Ghosh S. K. Updates on Modifications to Shear Wall Provisions. Proceedings of the 11th National Conference in
Earthquake Engineering, Earthquake Engineering Research Institute, Los Angeles, CA. 2018.

Definition for Ductile Reinforced Concrete Shear Wall System
Coupled shear walls of concrete have long been in use. However, surprisingly, a search of three
major concrete standards – American Concrete Institute’s ACI 318 [2], Canadian Standards
Association’s CSA A23.3 [3], and Standard New Zealand’s NZS 3101[4] – showed that the
widely used terms coupled shear walls and coupling beams were not defined. Paulay, in his
Ph.D. thesis dated 1969 [5], wrote: “A few years ago regular shear wall structures, in which two
or more walls are separated by vertical rows of openings began to be referred to as “coupled
shear walls.”
According to NIST Tech Brief No. 6 [6], Walls with openings are considered to be
composed of vertical and horizontal wall segments. A vertical wall segment is bounded
horizontally by two openings or by an opening and an edge. Similarly, a horizontal wall segment
is bounded vertically by two openings or by an opening and an edge. Some walls, including
some tilt-up walls, have narrow vertical wall segments that are essentially columns, but whose
dimensions do not satisfy requirements of special moment frame columns. In consideration of
these, ACI 318 defines a wall pier as a vertical wall segment having w/bw [total length to wall
thickness ratio] ≤ 6.0 and hw/w [total height to total length] ≥ 2.0.”
“The term coupled wall refers to a system in which cantilever walls are connected by
coupling beams aligned vertically over wall height.”
Bertero [7], in the Proceeding of a 1977 Workshop organized by him, wrote: “Use of
coupled walls in seismic-resistant design seems to have great potential. To realize this potential it
would be necessary to prove that it is possible to design and construct “ductile coupling girders”
and “ductile walls” that can SUPPLY the required strength, stiffness, and stability and dissipate
significant amounts of energy through stable hysteretic behavior of their critical regions.” Thus,
discussion needs to focus on not on just coupled walls, but ductile coupled walls consisting of
ductile shear walls and ductile coupling beams.
Degree of Coupling
As shown in Figure 1, the coupled shear wall structure resists the external overturning moment,
Mo by (a) internal moments Ml and M2 generated in Wall 1 and Wall 2 respectively and by (b)
axial forces, T, generated in each wall and operating on a lever arm, L. The axial force, which at
any level is the sum of all the shear forces in the coupling beams situated above that level,
generates tension in one wall and compression in the other. For equilibrium,
Mo = M1+ M2 + LT

(1)

The relative magnitudes of M1, M2, and LT depend on the strength and stiffness of the
coupling system.
The ratio LT/(M1+ M2 + LT) is commonly referred to as the degree of coupling (DoC). A
low ratio indicates weakly coupled walls; as the ratio approaches zero, the walls tend to behave
like two isolated walls that are uncoupled. A large DoC, on the other hand, indicate strongly

coupled walls, which tend to act like pierced walls and, as the ratio approaches one, like one
solid wall without openings.
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Figure 1. A coupled shear wall subject to lateral loads
The Canadian approach to Ductile Coupled Walls
This is discussed by comparison with the U.S. approach, using two tables that shed considerable
light on the current state of affairs. Table 1 is an extract from ASCE 7-16 Table 12.2-1
Table 1.

ASCE 7-16 Table 12.2-1 - Design Coefficients and Factors for Seismic ForceResisting Systems

Classification
A.1 Special RC shear wall
B.5 Special RC shear wall
D.3 Special RC shear wall
E.2 Special RC shear wall

R
5
6
7
6.5

B
NL
NL
NL
NL

Height Limits for
Seismic Design Category
C
D
E
NL
160
160
NL
160
160
NL
NL
NL
NL
160
100

F
160
100
NL
100

A.2 Ordinary RC shear wall
4
NL
NL
NP
NP
NP
B.6 Ordinary RC shear wall
5
NL
NL
NP
NP
NP
D.4 Ordinary RC shear wall
6
NL
NL
NP
NP
NP
A: Bearing wall systems
B: Building frame systems
D: Dual systems with special moment frames capable of resisting at least 25% of
prescribed seismic force
E: Dual systems with intermediate moment frames capable of resisting at least 25% of
prescribed seismic force

In a bearing wall system, the same shear walls resist gravity as well as lateral loads. In a
building frame system, the shear walls resist all the lateral loads, and essentially complete frames
resist substantially all the gravity loads. Deformation compatibility between the gravity system
and the lateral force-resisting is maintained all the way up to the design earthquake
displacements. A dual system is a shear wall-frame interactive system; the shear walls and the
frames carry their share of gravity and lateral forces, as indicated by a proper interactive
analysis; in addition, the frames, independently of the shear walls, must be proportioned to resist
at least one-quarter of the design lateral forces. Two categories of shear walls are recognized and
defined in ACI 318-14 [2]: ordinary and special. Three categories of moment frames are
recognized and defined in ACI 318-14 [2]: ordinary, intermediate, and special.
Table 2 is the counterpart to Table 1 and is based on the 2015 National Building Code of
Canada (NBCC) [8]. The factor R of ASCE 7-16 is comparable to RdRo of the 2015 NBCC. It
can be seen that the NBCC recognizes a ductile shear wall, a moderately ductile shear wall, and a
conventionally constructed shear wall. The special shear wall of ACI 318-14 is very comparable
to the ductile shear wall of CSA A23.3. The NBCC also recognizes ductile coupled walls and
ductile partially coupled walls. These have no counterparts in ACI 318-14.
Table 2.

2015 NBCC Table 4.1.8.9 – SFRS Ductility-Related Force Modification Factors, Rd,
Overstrength-Related Force Modification Factor, Ro, and General Restrictions
Restrictions

Type of SFRS

Rd

Cases Where IEFaSa(0.2)

Ro RdRo*

≥ 0.2 to ≥ 0.35 to
> 0.75
< 0.35
≤ 0.75
Concrete Structures Designed and Detailed According to CSA A23.3
Ductile coupled walls 4.0 1.7 6.8
NL
NL
NL
NL
< 0.2

Cases Where
IEFvSa(1.0) >
0.3
NL

Moderately ductile
coupled walls

2.5 1.4

3.5

NL

NL

NL

60m

60m

Ductile partially
coupled walls

3.5 1.7

5.95

NL

NL

NL

NL

NL

Moderately ductile
partially coupled
walls

2.0 1.4

2.8

NL

NL

NL

60m

60m

Ductile shear walls

3.5 1.6

5.6

NL

NL

NL

NL

NL

2.0 1.4

2.8

NL

NL

NL

60m

60m

1.5 1.3

1.95

NL

NL

40m

30m

30m

Moderately ductile
shear walls
Conventional
construction
 Shear walls

* This column is added in this paper. It is not in the 2015 NBCC.
The moderately ductile shear wall and the conventionally constructed shear walls are not
specifically defined in CSA A23.3. But the ductile shear wall, the ductile partially coupled shear

wall, and the ductile coupled shear wall are; so are ductile coupling beams. These definitions,
given below, are instructive.
Ductile shear wall — a cantilever wall that dissipates energy through flexural yielding in
a plastic hinge near the base and complies with [specified detailing requirements]. This seismicforce-resisting system qualifies for a force modification factor, Rd, of 3.5 in accordance with the
National Building Code of Canada.
Ductile partially coupled shear wall — a coupled wall system that has ductile wall piers
connected by ductile coupling beams where less than 66% of the base overturning moment
resisted by the wall system is carried by axial tension and compression forces in the wall piers
resulting from shears in the coupling beams and complies with [specified detailing
requirements]. This seismic-force-resisting system qualifies for a force modification factor, Rd,
of 3.5 in accordance with the National Building Code of Canada.
Ductile coupling beam — a coupling beam designed to dissipate energy that complies
with [specified detailing requirements].
Ductile coupled shear wall — a shear wall system that complies with [specified
detailing requirements] and has ductile shear walls connected by ductile coupling beams where
at least 66% of the base overturning moment resisted by the wall system is carried by axial
tension and compression forces resulting from shear in the coupling beam(s). This seismic-forceresisting system qualifies for a force modification factor, Rd, of 4.0 in accordance with the
National Building Code of Canada.
Introducing Ductile Coupled Shear Walls into ACI 318
A ductile coupled shear wall system is not defined in ACI 318-14. However, two of the major
required pieces are already in existence. Coupling beams complying with the requirements of
ACI 318-14 Section 18.10.7 is comparable to the ductile coupling beam of CSA A23.3 and NZS
3101. Also, the special structural wall complying with ACI 318-14 Sections 18.10.2 through
18.10.6 is comparable to the ductile shear wall of CSA A 23.3 and NZS 3101.
As seen above, CSA A23.3 uses the degree of coupling (DoC) to define coupled shear
walls. A DoC of 66% or more produces a ductile coupled shear wall system, while a DoC of less
than 66% produces a ductile partially coupled shear wall system, provided the shear walls and
the coupling beams are ductile. ACI 318 Subcommittee H, which responsible for upkeep and
updates of Chapter 18, decided against the use of the DoC to define a ductile coupled shear wall
system.
ACI 318H felt that since the plan was to seek higher R-values for coupled shear wall
systems than for isolated wall systems, the definition for a coupled shear wall system should
probably be based on energy dissipation. It was also felt that while the degree of coupling was
meaningful as long as the walls and the coupling beams were elastic, the DoC will become
variable and less meaningful as yielding took place in the coupling beams and/or the walls.

A significant parametric study carried out at Magnusson Klemencic and Associates
(MKA) established that energy dissipation in the coupling beams reached optimal levels when
clear span to total depth ratios of the coupling beams were in the range between two and five
(Figure 2). On that basis, ACI 318 Subcommittee H has balloted the following definition for a
ductile coupled shear wall system:
Structural Walls conforming to 18.10 linked by coupling beams conforming to 18.10.7
with aspect ratios (length/height) between 2.0 and 5.0.

Figure 2. Normalized Inelastic Energy Dissipation with Moderate Wall Reinforcement
(Courtesy David C. Fields, Magnusson Klemencic Associates)
There was general consensus behind this definition, except that there was concern that
someone might “game” the system by building just one coupling beam between two tall walls
and claiming the higher R-value reserved for the coupled wall system. It is expected that the
above definition, with some kind of a safeguard built in to protect against such “gaming,” will
eventually be approved by ACI 318H and ACI 318.
Addition of Coupled Wall Systems to ASCE 7 Table 12.2-1
The addition of a new line item to ASCE 7 Table 12.2-1 must now be based on a FEMA P-695
[9] study. A P-695 study of ductile coupled reinforced concrete shear walls is currently
underway. It is being carried out by Negin Tauberg and Kristijan Kolozvari of California State
University, Fullerton, and John Wallace, UCLA. The peer review team consists of Ron
Hamburger, Charlie, Kircher, Anindya Dutta, and Steve McCabe. According to John Wallace,
progress has been made on the following:
1)
2)
3)
4)

Literature review (completed)
Design of some archetypes using ASCE 7-16, ACI 318-14 + Updates
Developing nonlinear models of the archetypes
Developing pre- and post-processing tools to streamline the process of developing
models,
5) Analyzing the models, and interpreting the results
6) Interprting the results of the nonlinear analyses
7) Tweaking the designs (e.g., wall design, coupling beam design) to assess impacts

8) Developing approaches for nonlinear modeling of walls, coupling beams, and coupled
walls and
9) validating these approaches against test results
10) Using new data to evaluate the wall axial failure model developed at UCLA about 10
years ago.
11) Documenting the above efforts
Totally independently of the above study, Profs. G.A. Rassati and Patrick J. Forney at the
University of Cincinnati are working on a research project involving a FEMA P-695 study of
reinforced concrete shear walls coupled with steel beams (as per Section H5 in the 2016 AISC
Seismic Provisions), with the goal of establishing an appropriate R factor for the system. Their
target is an R of 8. IT4 is coordinating with this effort. If it is successfully completed on time, the
line items added to ASCE 7 Table 12.2-1 for ductile reinforced concrete shear walls might
include steel coupling beams, provided equivalency between these coupling beams and the
ductile coupling beam complying with ACI 318-14 Section 18.10.7, probably in terms of
inelastic rotation capacity at the two end, can be established.
According to a recent article in Engineering News Record, “The coupled steel-plate
composite wall system—a sandwich of plates filled with concrete liberated of reinforcing steel—
provides the strength, stiffness, safety and serviceability of a reinforced concrete core but is not
burdened by rebar congestion and complex formwork, …” The links between the walls are
provided by composite dual-plate coupling beams. The system is currently being tested at Purdue
University with funding from the AISC and the Pankow Foundation. AISC and the Pankow
Foundation are also co-funding a FEMA P-695 computational study at the University of Buffalo.
The project seeks an R-factor developed from FEMA P-695 studies for Coupled Composite Plate
Shear Walls - Concrete Filled, for inclusion in ASCE-7. An R of 8 is being targeted. IT4 is
coordinating with this study as well. If this study is completed successfully on time, line items
featuring this system may also be added to ASCE 7 Table 12.2-1.
Design of Reinforced Concrete Shear Walls against Shear
The following topics are being considered by IT4.
1.

ACI determination of required shear strength – ACI 318-14 requires a special moment
frame column or beam to be designed for the maximum shear that can develop in the
particular member, which is calculated using capacity design concepts Yet, the required
shear strength of a special shear wall is the shear obtained from elastic analysis of the
building containing the shear wall under code-prescribed seismic forces (the design base
shear of ASCE 7, distributed along the height of the structure in the manner prescribed by
ASCE 7. Nonlinear time history analyses – particularly of taller shear wall buildings –
under design earthquake ground motion routinely shows that the required shear strength
calculated using ACI 318 requirements is grossly inadequate.

2.

-factor used in shear design of shear walls – To partly compensate for the unconservatism
in the calculation of the required shear strength, ACI 318 requires that the -factor used in
the shear design of a shear wall that may fail in shear before it has a chance to fail in

flexure be reduced to 0.6 from the usual 0.75. This measure is widely agreed to be
inadequate.
3.

Flexural overstrength – Part of the reason why a reinforced concrete shear wall is subjected
to much higher shear force in the design earthquake than the ACI 318 estimate would
suggest is the flexural overstrength of the shear wall. The ACI 318 requirements for
confined boundary elements may result in considerable flexural overstrength in a special
shear wall.

4.

Dynamic amplification – The effect of higher modes of vibration on the seismic shear
demand in reinforced concrete cantilever walls has been studied since the 1970’s. The
shear amplification becomes more important with increasing fundamental period (tall
buildings) and increasing R-factors. An excellent review of this topic has been presented by
Rutenberg [11].

5.

Shear strength of concrete under high rate of loading – The strength of concrete increases at
high strain rates, and hence, the lateral strength of a wall under short-duration shear force
spikes is greater than its probable shear strength under slow rates of loading. However, the
few available studies on this topic point to no more than a 50% increase in shear strength
under high-rate loading, which is much smaller than the reported amplifications in wall
shear demands from nonlinear response history analyses. Thus, it is not possible to attribute
the lack of shear failures of RC walls (from previous shake-table tests or earthquake
reconnaissance) to dynamic amplification of shear strength.

6.

Effect of compressive stress on shear strength – It is known that the shear strength of
concrete increases when it is subject to compression at the same time. However, shear tests
of walls under different levels of compression do not appear to be available. For clues, IT4
is looking through the results of shear tests of columns under varying levels of compression
loading.

7.

Shear migration to compression pier and shear-compression interaction in a coupled shear
wall system – It was observed in early tests [12, 13] and more recently verified by Lehman
et al. [14] that the shear carried by the compression pier of a coupled wall system is
substantially larger than that carried by the tension pier. It may be close to 100% in the
compression pier and close to zero in the tension pier.
Lehman et al. [14] conducted a large-scale test of a coupled wall. The test specimen
modeled the lower three stories of a 10-story building. The demands from the upper stories
were imposed on each pier using an innovative loading device capable of imposing shear,
moment, and axial loads or displacements. Damage progression included yielding of
coupling beams, yielding of wall piers, spalling in the wall piers, and the coupling beams.
Specimen failure occurred almost without warning at 2.27% drift, resulting in significant
loss of lateral and axial load–carrying capacity. The damage sustained included concrete
core crushing and longitudinal bar buckling in the compressive wall pier.
Lehman et al. [14] thought it likely that the high shear stress demands in the compression

pier interacting with the high compressive stresses contributed to the observed failure. The
principal stresses in the wall piers resulted from the interaction of the vertical compressive
and shear stresses; thus, the compression-shear interaction is important. The large local
stresses resulted in an explosive, sudden failure of the compression wall pier; these local
stresses must be limited to prevent this failure mode.
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