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ABSTRACT
Wood shear walls systems are the primary elements of the seismic force-resisting system (SFRS)
in virtually all light-frame wood buildings. Wood-frame buildings are unique because their
nonstructural wall finishes (e.g. gypsum wallboard, stucco) provide significant strength and
stiffness to the lateral SFRS. The development of accurate numerical models to capture the
inelastic behavior of individual shear wall systems and buildings comprised of these wall systems
is a critical step when performing nonlinear analyses as recommended by various codes and
standards for design of new and retrofit of existing buildings (e.g. ASCE 41). However, despite
the large number of numerical modeling approaches for wood-frame shear walls, several
challenges associated with the omission of residual strength and displacement in the models as
well as the underrepresented response predictions when using the ASCE 41 standard’s
recommendations due to the fact that hysteretic parameters are not considered to define the cyclic
response of wood shear walls. To address these challenges, this study introduces a wood shear wall
level modeling approach for nonlinear analysis of light-frame wood buildings and its efficiency is
illustrated through a case study for a multifamily wood frame building subjected to seismic
excitation and compared with the ASCE 41 modeling recommendations.
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ABSTRACT
Wood shear walls systems are the primary elements of the seismic force-resisting system (SFRS) in
virtually all light-frame wood buildings. Wood-frame buildings are unique because their
nonstructural wall finishes (e.g. gypsum wallboard, stucco) provide significant strength and stiffness
to the lateral SFRS. The development of accurate numerical models to capture the inelastic behavior
of individual shear wall systems and buildings comprised of these wall systems is a critical step
when performing nonlinear analyses as recommended by various codes and standards for design of
new and retrofit of existing buildings (e.g. ASCE 41). However, despite the large number of
numerical modeling approaches for wood-frame shear walls, several challenges associated with the
omission of residual strength and displacement in the models as well as the underrepresented
response predictions when using the ASCE 41 standard’s recommendations due to the fact that
hysteretic parameters are not considered to define the cyclic response of wood shear walls. To
address these challenges, this study introduces a wood shear wall level modeling approach for
nonlinear analysis of light-frame wood buildings and its efficiency is illustrated through a case study
for a multifamily wood frame building subjected to seismic excitation and compared with the ASCE
41 modeling recommendations.

Introduction
Wood shear walls systems are the primary elements of the seismic force-resisting system
(SFRS) in virtually all light-frame wood buildings. Wood-frame buildings are unique because their
nonstructural wall finishes (e.g. gypsum wallboard, stucco) provide significant strength and
stiffness to the lateral SFRS. The development of accurate and robust numerical models to capture
the inelastic behavior of individual shear wall systems as well as buildings comprised of these wall
systems is a critical step when performing nonlinear analyses, as recommended by various codes
and standards for design of new and retrofit of existing buildings including the ASCE 7 [1], ASCE
41 [2], FEMA P58 [3], and FEMA P695 [4]. A large number of numerical modeling approaches
for wood-frame shear wall systems have been developed since the early 1970s including the finite
element models such as those developed by Cheung and Itani [5], and more simplified analytical
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models including those developed by Gupta and Kuo [6], Dolan and Filiatrault [7], and Folz and
Filiatrault [8]. Folz and Filiatrault [9] developed a hysteretic model often referred to as the 10parameter CUREE model. Other hysteretic formulations that are more complex (e.g., Pang et al.
[10]) have been developed since, but the 10-parameter CUREE model has persisted in wide use
for wood shear walls, particularly in systems behaving as deep shear beams. Despite these efforts
on modeling the response of wood shear walls, the vast majority of existing models do not account
for the implementation of residual strength and displacement, which has been observed for lightframe wood building during shake table tests [11]. This study focuses on modeling of wood shear
wall systems for nonlinear analyses per ASCE 41. The current ASCE 41 analysis procedures
involve analytical modeling of wood-frame wall systems that incorporate certain nonlinear forcedeformation characteristics. The generalized ASCE 41 backbone curve accounts for strength
degradation and residual strength, and it is defined in terms of elastic and plastic regions. However,
the ASCE 41 standard does not consider any hysteretic parameters to define the cyclic response of
wood shear wall systems under cyclic loading leading to underrepresented response predictions.
To address these challenges, this study introduces a beneficial wood shear wall level modeling
approach for nonlinear analysis of light-frame wood building systems as specified in codes and
standards in the United States [12].
Force-Displacement Envelope for Modeling of Wood Shear Wall Systems
The new envelope curve, as shown in Figure 1, is proposed to be used for modeling of woodframe wall systems with the parameters of this curve identified for the different material
combinations included in an excessive synthesis [13] of wall assembly tests incorporating different
wood sheathing materials and material combinations. The parameters considered to define the
shape of this curve are well aligned with a few of the hysteretic parameters of the CUREE
hysteretic model (Fo, ko, r1, r2 and δu). An important aspect of the proposed envelope curve is the
inclusion of residual strength and displacements for the wood shear wall systems as a factor of the
ultimate displacement (Δu,max). Focusing on the Wood Structural Panels (WSP), the rationale for
the inclusion of residual strength and displacements in the range of 6% to 7% (γΔu,max) drift is
based on a number of reversed-cyclic tests and shake table testing that demonstrated that these
drift levels are achievable even without consideration of bearing and building system-level effects
(accounting the building as a system versus component e.g., wall response) [14]. Using the average
predicted values for the hysteretic parameters of the CUREE models for each WSP system
included in the experimental data synthesis, the proposed envelope backbone curves were
compared with the average curves for the different sheathing combinations and are presented in
Koliou et al. [12].
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Figure 1. Proposed monotonic backbone curve envelope for modeling of wood shear walls
The efficiency of the proposed envelope curve is demonstrated in this paper through a case

study for a multi-family wood frame building subjected to seismic excitation and compared with
the ASCE 41 modeling recommendations. A typical five story multi-family dwelling located in
San Francisco and designed per ASCE 7-10 for Seismic Design Category D and Risk Category II
was selected for this study. The SFRS was designed for a response modification factor of 6.5 for
building frame systems with light-frame walls sheathed with structural panels, while the building
archetype totaled 50 feet in height to the roof. The lateral force-resisting system consists of both
interior and exterior shear walls 29ft long each. The shear walls used 15/32 Structural I sheathing
with 10d common nails with a maximum penetration of 1.5 inches into the framing members.
Detailed information on the design characteristics on the building archetype are provided in Koliou
et al. [12]. The five story building archetype was modeled in the RUAUMOKO2D software [15]
according to current modeling practices for wood-frame buildings. The wood shear walls were
modeled with inelastic horizontal springs and anchored to a rigid foundation, accounting for wood
structural panels’ properties only. The exterior and interior nonstructural wall finishes were then
modeled with zero-length horizontal springs in parallel with the springs representing the WSPs.
The combination rules for wood shear walls incorporating different sheathing materials as
proposed by FEMA P807 [16] were applied in this study. The inelastic horizontal springs
representing the WSPs, interior and exterior wall finishes were modeled accounting both for the
ASCE 41 recommendation, and the proposed force-displacement envelope curve modeling
approaches. The wood roof diaphragms were modeled with horizontal inelastic springs described
with the Wayne-Stewart hysteresis. Details on the modeling assumptions and techniques are
included in Applied Technology Council [13] and Koliou et al. [12]. Nonlinear response analyses
at increasing seismic intensities were conducted using the FEMA P-695 [4] far field ground motion
ensemble to evaluate the capacity of the wall frame system considering the two modeling
approaches. Based on the results of this analytical effort, as shown in Figure 2, the proposed
backbone curve was found to be associated with higher response for three different performance
levels, namely Immediate Occupancy (IO), Life Safety (LS) and Collapse Prevention (CP)
compared to the ASCE 41 modeling recommendations.

Figure 2. Fragility curves of the building archetype for various performance levels.
Conclusions
An envelope curve to accurately model the response of wood shear walls with various sheathing
combinations based on hysteretic parameters to define the cyclic response was introduced in this
study and compared with the modeling recommendations per the ASCE-41 standard. Based on the
results of the illustrative example, it was observed that the use of the proposed modeling approach,

which incorporates the non-trivial residual strength level and increased displacement capacity for
the wall assemblies, results in higher response capacity levels of typical light-frame wood
buildings, comparable to prior full scale shake table tests. Therefore, this modeling approach may
be considered as a representative tool able to provide designs and retrofit strategies within the lines
of the ASCE 41 recommendations.
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