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ABSTRACT
This paper summarizes on-going studies of the ATC-116 Project to investigate solutions to the
short-period building performance paradox – Why do analytical models of code compliant designs
predict high probabilities of collapse for short-period buildings contrary to damage observed in
actual earthquakes and the judgement of earthquake engineers? The ATC-116 Project studies
are: (1) investigating the major causes and practical solutions to the performance paradox of shortperiod buildings; (2) improving, calibrating, and validating analytical modeling methods with
observed performance of buildings in recent earthquakes and full-scale shake table building tests;
and (3) providing practical recommendations for improving design practice and requirements in
building codes and standards. Topical studies of light-frame wood buildings related to the first
two objectives are essentially complete and similar studies of short-period reinforced masonry
shear wall buildings are underway. The third objective necessarily requires acceptance from a
broad community involved in the design and construction of buildings. Accordingly, a workshop
was conducted in late 2016 to get input from stakeholders regarding development of
recommendations for improving design practice and building codes and standards of light-frame
wood buildings. Similar workshops are envisioned for other systems. This paper provides an
overview of the ATC-116 project and summarizes key findings of the studies of short-period lightframe wood buildings.
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ABSTRACT
This paper summarizes on-going studies of the ATC-116 Project to investigate solutions to the shortperiod building performance paradox – Why do analytical models of code compliant designs predict
high probabilities of collapse for short-period buildings contrary to damage observed in actual
earthquakes and the judgement of earthquake engineers? The ATC-116 Project studies are: (1)
investigating the major causes and practical solutions to the performance paradox of short-period
buildings; (2) improving, calibrating, and validating analytical modeling methods with observed
performance of buildings in recent earthquakes and full-scale shake table building tests; and (3)
providing practical recommendations for improving design practice and requirements in building
codes and standards. Topical studies of light-frame wood buildings related to the first two objectives
are essentially complete and similar studies of short-period reinforced masonry shear wall buildings
are underway. The third objective necessarily requires acceptance from a broad community
involved in the design and construction of buildings. Accordingly, a workshop was conducted in
late 2016 to get input from stakeholders regarding development of recommendations for improving
design practice and building codes and standards of light-frame wood buildings. Similar workshops
are envisioned for other systems. This paper provides an overview of the ATC-116 project and
summarizes key findings of the studies of short-period light-frame wood building.

Introduction
The majority of buildings in the United States are low-rise and have a short fundamental period (i.e. less
than 0.5 second). Currently, commercial short-period buildings are designed in accordance with ASCE/SEI
7-10, Minimum Design Loads for Buildings and Other Structures [1], which is adopted by reference in the
2012 International Building Code (IBC) [2]; whereas, residential one- or two-family dwellings and
townhouses can be constructed in accordance with the 2012 International Residential Code (IRC) [3]. In
ASCE/SEI 7-10, design seismic loads are based on the risk-targeted maximum considered earthquake,
MCER, which was introduced in the 2009 NEHRP Recommended Seismic Provisions for New Buildings
and Other Structures [4]. FEMA P-695, Quantification of Building Seismic Performance Factors, [5]
provides a rational basis for evaluating collapse performance using sophisticated building archetype
models, nonlinear static (pushover) and nonlinear dynamic analysis and probabilistic methods.
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FEMA P-695 collapse evaluations have been performed for a large number of archetype models of common
structural systems designed in accordance with ASCE/SEI 7-10, all of which exhibit similar behavior for
short-period archetypes. As shown in Figure 1, for archetypes of structural systems with a design period
less than about 0.5 second, the probability of collapse given MCER ground motions increases significantly
as the design period decreases and, in general, exceeds 10 percent. For reference, a collapse probability of
10 percent is the anticipated reliability of Risk Category II structures subjected to MCE R ground motions,
(see Table C.1.3.1B in ASCE/SEI 7-10). Figure 1 is taken from NIST GCR 12-917-20, Tentative
Framework for Development of Advanced Seismic Design Criteria for New Buildings [6] and shows the
representative collapse probabilities of ten common seismic force-resisting systems plotted as a function of
the associated design period (T) of the building archetype.
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Figure 1. rends in the probability of collapse of selected systems as
a function of design period.
Clearly, if the collapse results shown in Figure 1 are valid, then the aim of uniform risk for all systems (at
all periods) is not being achieved, and perhaps of greater significance, short-period buildings tend to exceed
the 10-percent collapse probability criterion of ASCE/SEI 7-10. However, trends in observed earthquake
damage do not support the high collapse probabilities shown in Figure 1 and the opinion of many structural
engineers is that results of analytical studies overstate the collapse risk of short-period buildings.
Overall Project Approach
The overall ATC-116 project goal is to develop practical solutions to the problem of short-period building
response and performance in earthquakes being unreliably estimated using current numerical methods. It
is intended that the topical studies of this project will lead to a better understanding of short-period building
seismic behavior and provide a basis to:


Identify the causes of short-period building performance paradox, quantify the building performance
contributing factors and develop solution concepts;



Improve and validate analysis and modeling methods for short-period buildings to properly capture the
response behavior and collapse performance characteristics of the building;



Improve code seismic design methods and parameters for short-period buildings so that design forces
and displacements are representative of the expected demand during earthquakes of various intensities;
and
Improve testing, modeling, and performance-based design (PBD) methods so that better data and
modeling can be used to develop practical PBD methods and tools for short-period buildings.



For the purpose of the project, short-period buildings are defined as buildings with a fundamental period
less than about 0.5 second. Topical studies investigate different types of structural systems, configurations
and materials commonly used in the United States for design and construction of short-period buildings in
regions of moderate and high seismicity. New and existing short-period buildings are included in the scope
of the project; however, archaic construction types are not investigated. Topical studies of light-frame
wood buildings related to the first two objectives are essentially complete and similar studies of shortperiod reinforced masonry shear wall buildings are underway. Light-frame wood buildings have
traditionally been used for one-story, two-story and three-story commercial, single-family dwelling, multifamily dwelling buildings, but recent construction trends have shown increased construction of four-story
and five-story light-frame wood buildings and, in fact, may be built on top of a podium base of structural
steel or concrete (cast-in-place or precast) construction. With the possible exception of five-story buildings,
all of these buildings would be considered short-period buildings.
An essential element of this project is the collection of data on short-period building response and collapse
performance in past earthquakes, and laboratory tests. This information is used to establish “benchmark”
behavior of short-period buildings for verification that numerical models accurately and reliably predict
building response. Benchmark metrics include building dynamic response properties (e.g., fundamental
period) obtained from instrumental records of building response during an earthquake, observations of
building performance during shake table tests of full-scale building systems, and damage and collapse
fragility functions determined from post-earthquake damage survey data. Benchmarking of response,
damage and collapse performance are a priority of the project to verify that the enhanced numerical
modeling techniques developed during this stage can be used with confidence for implementation of
practical solutions to the short-period building paradox.
Observed Response and Performance of Short-Period Buildings
Observations of response and performance of short-period buildings in past earthquakes and full-scale
shake table tests are used to develop benchmark metrics of dynamic response parameters (e.g., building
period), damage measures and collapse performance (probability of collapse as a function of ground motion
intensity). Selected sources of earthquake data include instrumental records of short-period building
response in past earthquakes [7], including the response of the Templeton Hospital in the 2003 San Simeon
earthquake, post-earthquake safety evaluations of damage to wood buildings in the 1994 Northridge
earthquake [8, 9] and collapse performance of buildings in the 1995 Kobe earthquake [10]. Instrumental
recordings of building response are used to validate the dynamic properties of analytical models of shortperiod buildings (e.g., building periods and modes of dynamic response). Observations of building damage
and collapse performance are used to develop benchmark properties for validation of the collapse
performance of analytical models of short-period buildings (i.e., probability of collapse as a function of
ground motion intensity).
Although shake table tests of full-scale short-period buildings are quite limited, the few tests that have been
conducted provide valuable information on nonlinear response behavior, damage and collapse failure
modes of tests structures subjected to simulated earthquake ground motions. In particular, observations of
damage patterns and collapse failure modes of test buildings in high-amplitude shake table tests establish
qualitative targets of the behavior and performance expected of analytical models of comparable
construction and configuration (e.g., peak dynamic response drift ratios of at least 10 percent at the first
story of a two-story light-frame wood residential building before collapse).
The three key findings related to the observed collapse performance of short-period light-frame wood
buildings are summarized below:
Collapse Failure Mode. Collapse of light-frame wood buildings in an earthquake is typically a result of
P- sidesway failure of the first-story (excluding collapse damage due to foundation failure). Full-scale
shake table tests confirm this mode of failure.

Large Lateral Displacements at Incipient Collapse. Observations of light-frame wood buildings
severely damaged by earthquake or strongly shaken by shake table testing indicate large lateral
displacements at the point of incipient collapse (e.g., mean first-story drift ratio of 10 percent, or greater).
Low Probability of Collapse for MCER Ground Motions. Based on observed damage (i.e., Red-Tag
data) in the 1994 Northridge earthquake, light-frame wood buildings have very low probabilities of collapse
for MCER ground motions (i.e., 0.3-second response spectral acceleration of 1.5 g) suggesting target MCER
collapse rates of not more than 2 percent for one-story, and not more than 5 percent for two-story, or taller,
buildings for benchmarking of analytical results.
Observed Collapse Rates (from 1994 Northridge Earthquake Red-Tag Data)
Red-Tag data from the 1994 Northridge earthquake [8, 9] are used as collapse surrogates to establish target
MCER collapse probabilities (for benchmarking analytical results). Figure 2 shows Red-Tag percentages
(i.e., fraction of all wood buildings with a Red Tag) for each of 186 post-1960 census tracts with a total
population of approximately 220,000 newer wood buildings plotted as a function of ground shaking
intensity (0.3-second response spectral acceleration). Post-1960 census tracts have an average year of wood
building construction of 1960, or later. An example statistic for one of the hardest hit census tracts (Census
Tract 11520) shows 23 of 906 post-1960 wood frame buildings (2.5 percent) were assigned a Red Tag, one
of which was the Northridge Meadows apartment complex (shown in photo insert). Eighteen of the 26
building-related fatalities in the 1994 Northridge earthquake were due to collapse of the Northridge
Meadows apartment complex [9].
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Figure 2. Red-Tag percentages as a function of 0.3-second response spectral acceleration
developed from post-earthquake safety inspections of post-1960 wood buildings
following the 1994 Northridge earthquake.
Also shown in Figure 2 are (1) a lognormal best-fit collapse fragility curve based on census-tract group
Red-Tag percentages and (2) a theoretical collapse curve of Newer W1 buildings developed by the ATC71-6 Project for updating the rapid visual screening basic scores and modifiers of FEMA P-155 [11]. The
trend lines show about a 1 percent collapse rate, on average, at a 0.3-second response spectral acceleration
of 1.5 g, suggesting a target (High Seismic) MCER collapse rate of 2 percent considering inherent
uncertainties in the underlying data. The 2 percent target collapse rate applies to single-story wood
buildings which dominate the Red Tag data. The Red Tag rate for 2-story, or taller, wood buildings was

found to be about 2.5 times that of single-story wood buildings, on average, suggesting a target (High
Seismic) MCER collapse rate of 5 percent for multi-story wood buildings. Target MCER collapse
probabilities, based on Red-Tag percentages, represent building collapse that includes partial collapse as
well as full collapse of the building structure, consistent with the ASCE/SEI 7-10 (and FEMA P-695)
definition of collapse.
Red-Tag data are assumed to be a feasible reference for comparison of MCER collapse probabilities. This
assumption may overstate collapse risk since Red-Tag data also includes, to some degree, buildings with
significant structural (or non-structural) damage deemed to be life-threatening (even if there is no collapse
damage). As such, the Red-Tag data may better represent the likelihood of complete structural damage
(i.e., 100 percent financial loss) as characterized, for example, by a large amount of post-earthquake residual
drift displacement (e.g., a story drift ratio of 2 percent, or greater) as well as by partial or full collapse of
the building structure.
Configurations and Design of Light-Frame Wood Building Archetypes
The vast majority of short-period buildings in the United States are, by number, light-frame wood
residential buildings. In larger urban areas, multi-family dwellings are typically one of the leading
categories after single-family dwellings, and nearly all low rise (short period) multi-family dwelling
construction is wood. An increasing fraction of such buildings are light frame of cold formed steel, but this
increase is mainly for taller buildings, and will not actually be short-period structures. While not as
dominant in the construction statistics, commercial buildings of wood framing are still common and provide
a way to study the variation in some of the parameters that influence seismic performance.
Light-frame wood building archetypes are intended to represent code-complying modern construction for
commercial (COM), multi-family dwelling (MFD), and single-family dwelling (SFD) buildings that share
many features. All exterior and interior walls, whether structural or not, are constructed of wood studs.
The interior finished face of each wall is covered with ½-inch gypsum wallboard. Where necessary to resist
the design seismic forces, wood structural panels of oriented strand board (OSB) are attached to one or both
faces of the studs before the application of interior or exterior finishes. For conventional construction where
the gypsum wallboard is sufficient to resist the design seismic forces, no OSB is attached to the designated
shear walls. The exterior finish for the base analyses is stucco, but some parametric studies were performed
with horizontal siding boards of wood composite. The foundations are integral with a slab on grade at the
ground level.
A total of 28 light-frame wood building archetype configurations were characterized including one-story,
two-story, and four-story commercial (COM) building archetypes; one-story, two-story, and four-story
multi-family dwelling (MFD) building archetypes; and one-story and two-story single-family dwelling
(SFD) building archetypes. COM archetypes are assumed to have walls at their perimeter only; whereas,
MFD and SFD archetypes have both perimeter and interior walls typical of residential configurations.
Structural designs, including foundations and hold-down anchors, were developed for each of the 28
archetype configurations. COM and MFD archetype configurations were designed in accordance with the
seismic requirements of ASCE/SEI 7-10. Separate designs were developed for SFD archetypes based on
the prescriptive criteria for conventional construction of the 2012 International Residential Code, as well
as seismic requirements of ASCE/SEI 7-10. Each light-frame wood archetype configuration is designed
for three seismic load levels, referred to as High Seismic, Very High Seismic, and Moderate Seismic
(although Moderate Seismic has not yet been studied). High Seismic design loads have a 0.3-second
maximum considered earthquake (MCER) response spectral acceleration of 1.5 g corresponding to Site
Class D (soil) sites governed by the plateau region of MCER ground motions of ASCE/SEI 7-10 or, for
reference, Seismic Zone 4 of the 1997 UBC [12]. Very High Seismic archetypes have seismic design loads
1.5 times greater than those of High Seismic archetypes, typical of the intensity of MCER ground motions
at sites near an active source.

Modeling and Analysis of Light-Frame Wood Building Archetypes
Three-dimensional analytical models of light-frame wood building archetype configurations were
developed using a set of nonlinear inelastic building blocks of wall elements representing many different
combinations of wall material and length. Building block properties are based on the CUREE hysteretic
rule [13] for modeling force-displacement response of wood shear walls under cyclic loading modified to
include residual strength. Archetype models were analyzed using the modeling features of the Timber3D
computer program [14]. Some of those features are used in all baseline archetype configurations, while
other features were only included in specific parametric studies designed to evaluate the effect of the
individual parameter.
Baseline archetype configurations were modeled with the best estimate of vertical wall building block
properties. Figure 3 illustrates a single-story three-dimensional light-frame wood baseline archetype COM
configuration modelled with Timber3D. The horizontal roof diaphragm is modelled using threedimensional elastic beam elements. The model includes vertical wall elements composed of a limited
number of standard nonlinear wall building blocks. The sill plate and concrete foundation attached to the
bottom nodes of the building blocks are modeled with elastic beam elements. Anchor bolts and hold-down
devices are modeled with frame-to-frame (F2F) link elements. Similarly, the imperfect connectivity (i.e.,
uplift) between the studs and the sill plate, and the sill plate and the concrete foundation are also modeled
with F2F link elements. Finally, F2F link elements are also used to model nonlinear soil springs. For the
baseline archetype configurations, only the roof and floor diaphragms and shear wall building blocks were
activated, while all the other elements were assumed rigid. These elements were modified as required for
the parametric investigations of inertial SSI and foundation flexibility.

Figure 3. Schematic illustration of the single-story three-dimensional model of the
light-frame wood building baseline archetype (COM configuration).
To realistically represent observed building performance, building blocks model included post-capping
force-deflection response to a drift ratio of 10 percent (or greater). This drift ratio is significantly beyond
the drift ratio of 3 percent or 4 percent associated with non-simulated collapse failure assumed to occur at
80 percent of maximum strength (Vmax), the de facto limit on collapse displacement of prior studies.
Because of the relatively large story drift ratios that can occur before collapse, wall segment building blocks
explicitly incorporate the effects of P- on model stability. Prior studies of light-frame wood buildings
(FEMA P-695) typically did not consider P- effects on the stability of light-frame wood building archetype
models because at smaller displacements corresponding to 80-percent post-capping strength, P- effects
were relatively small. The combined effects of including nonstructural finishes, realistic modeling of

displacement capacity and explicit modeling of P- collapse due to sidesway failure has a profound effect
on the response behavior and associated collapse performance of the analytical models.
Collapse performance of light-frame wood buildings was evaluated using the nonlinear static (pushover)
analysis methods of FEMA P-795, Quantification of Building Seismic Performance Factors: Component
Equivalency Methodology [15] and the nonlinear incremental dynamic analysis (IDA) methods of FEMA
P-695. The FEMA P-695 analyses are very computationally intensive, requiring 44 nonlinear (i.e., 22
earthquake records each with two orientations of X-Y components) response history analyses at each
increment of ground motion intensity.
Overview of Short-Period Light-Frame Wood Building Parametric Studies
Five parametric studies of short-period light-frame wood buildings investigated enhanced modeling topics
using baseline and variant numerical models of representative archetypes of commercial (COM), multifamily dwelling (MFD), and single-family dwelling (SFD) buildings. Baseline archetypes represent broad
range of short-period building archetypes with different heights (and periods) and different seismic design
levels for each of the three building types. Analytical models of Very High Seismic baseline design were
used to investigate increased collapse risk of buildings at sites relatively close to highly active seismic
sources. Variants analytical models of High Seismic baseline designs were used for the parametric studies
of enhanced modeling topics, as summarized below.
Parametric Study of Collapse Displacement Capacity
The parametric study of displacement capacity investigated the effects of residual strength on collapse
performance. Residual strength (i.e., strength at post-capping displacements greater than that
corresponding to 0.8Vmax) is defined by a plateau that extends to large lateral displacements, as illustrated
by the pushover curve without P- effects in Figure 4a. Displacement capacity is effectively limited by
explicit modeling of P- effects, as illustrated by the pushover curve with P- effects (Figure 4a).
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Figure 4. Example light-frame wood building archetype pushover curves with (a) baseline residual strength
(30 percent of Vmax/W) and (b) residual strengths of 0, 30, 40, and 60 percent of V max/W and
superimposed median 1st-story drift ratios at incipient collapse (extracted from the results of
nonlinear dynamic analyses).
Prior FEMA P-695 studies of light-frame wood buildings study effectively assumed drift ratios at collapse
of about 3 to 7 percent [4]. In contrast, shake table tests of full-scale light-frame wood buildings [16] show
much greater displacement capacity prior to sidesway collapse (i.e., drift ratios greater than 10 percent).
Results of this parametric study show that the amount of post-capping strength significantly affects
displacement capacity and that larger displacement capacities improve collapse performance, as illustrated

by the pushover curves in Figure 4b. For example, the archetype model with no residual strength (COM2BC0) has a median 1st-story drift ratio of 4.6% and a corresponding collapse probability of 22.9%; whereas
the same archetype model with 60 percent residual strength (COM2B-C6) has a median 1st-story drift ratio
of 14.2% and a corresponding collapse probability of 5.1%.
Parametric Study of Nonstructural Exterior and Interior Wall Finishes
This parametric study investigated the effects of nonstructural exterior and interior wall finishes (e.g.,
stucco, gypsum wallboard, horizontal wood siding) on the response behavior and collapse performance of
short-period light-frame wood buildings by removing exterior and interior wall finishes from baseline
configuration archetype models. Comparison of response and collapse results of the analyses of variant
archetype models (without nonstructural exterior and interior wall finishes) with the results of the analyses
of corresponding baseline archetypes models (with wall finishes) show, in general, that including
nonstructural interior and exterior wall finishes in models of light-frame wood buildings significantly
influences building response properties and collapse performance.
Parametric Study of Soil-Structure Interaction and Foundation Flexibility
This parametric study investigated the effects of soil-structure interaction (SSI) and foundation flexibility
on the response behavior and collapse performance of short-period light-frame wood buildings using a
distributed set of discrete horizontal and vertical nonlinear soil springs below flexible foundation elements.
Comparison of response and collapse results of the analyses of variant archetype models (on a flexible
foundation with soil springs representing either stiff or soft soil site conditions) with the results of the
analyses of the corresponding baseline configuration archetype models (on a rigid foundation without soil
springs) show, in general, that modeling SSI effects and foundation flexibility has little or no influence on
light-frame wood building collapse performance even for soft soil site conditions.
Parametric Study of Backbone Curve Shape
This parametric study investigated the sensitivity of light-frame wood building collapse performance to the
shape of the backbone curves used to define the peak and post-capping strength and stiffness of shear wall
components. While the shape of backbone curves can significantly influence light-frame wood building
collapse performance, different backbone curve shapes having similar amounts of peak strength and
collapse displacement capacity (e.g., median 1st-story drift ratio at incipient collapse) were found to have
comparable MCER collapse probabilities.
Parametric Study of Baseline Configurations
The parametric study of “baseline” configurations investigated trends in the response behavior and collapse
performance of a comprehensive set of short-period light-frame wood building archetypes representing
various combinations of model building type, height, and seismic design level. Analytical models of
baseline archetypes incorporate best estimate properties of collapse displacement capacity (i.e., based on
an assumed residual strength of 30 percent of V max/W), typical exterior and interior wall finishes and rigid
foundations.
Summary of Key Findings of Light-Frame Wood Building Studies
All else equal, the probability of collapse of light-frame wood building archetypes was found to increase
with height (and period). Figure 5a shows values of the MCER collapse probability of ten High Seismic
baseline configurations of light-frame wood building archetype models plotted as a function of building
period. It may be noted that MCER collapse probabilities are low (i.e., 1 percent to 3 percent) at very short
periods (i.e., 0.15 seconds to 0.25 seconds) and increase with period (height) representing a paradigm shift
from the trend in the collapse performance of short-period buildings of prior FEMA P-695 studies (see
Figure 1). In all cases, collapse of archetype models occurs due to P- failure of the first story. Figure 5b
shows MCER collapse probabilities of the same ten High Seismic baseline configurations of light-frame
wood building archetype models of Figure 5a, now plotted as a function of average (of NS and EW

directions) archetype model strength (Vmax/W) showing that the probability of collapse decreases with
increased building strength. Light-frame wood building archetype models with strength (Vmax/W) of about
60 percent, or greater, of archetype model weight (W) have collapse probabilities that conform (or almost
conform) to the benchmark collapse rates based on Red-Tag data. In contrast, the much weaker four-story
MFD and all COM archetypes do not conform to benchmark collapse rates and collapse probability
increases dramatically with the decrease in strength below Vmax about equal to 0.6W.
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Figure 5. MCER collapse probabilities of High Seismic baseline archetypes and target values of MCER
collapse probability based on Red-Tag data shown as a function of archetype model period (a)
and as function of archetype model strength (b).
Benchmarking of Building Period. Fundamental-mode periods of baseline archetype models which
include nonstructural finishes are consistent with measured periods in actual buildings. Including the
stiffness contribution of nonstructural finishes in analytical models of light-frame wood buildings is
necessary for model periods to approximately match actual (measured) periods of real buildings.
Benchmarking of Collapse Failure Modes. Simulated sidesway collapse of all baseline archetype
models is due to P- failure of the first story consistent with observed failure collapse modes of lightframe wood building in earthquakes and on shake tables.
Benchmarking of Collapse Probabilities. MCER collapse probabilities calculated for one-story and
two-story SFD and MFD baseline archetype models (High Seismic design) are consistent with collapse
rates based on Red-Tag data of wood buildings in areas that experienced MCER ground motions during
the 1994 Northridge earthquake. Collapse probabilities of (weaker) two-story COM, and four-story MFD
and COM archetype models are much greater than those based on Red-Tag data, and exceed the 10percent probability of collapse safety objective of ASCE/SEI 7-10.
While the trend of larger probabilities of collapse for taller baseline archetypes is supported by Red-Tag
data (i.e., the collapse likelihood of a two-story, or taller, wood building with a Red Tag is about 2.5 times
that of a one-story wood building), collapse probabilities above 5 percent are not supported by Red Tag
data for taller baseline archetypes and are suspect. Possible explanations include earthquake data
limitations (i.e., Red-Tag data are insufficient to accurately determine possible differences in collapse
performance of multi-story buildings by height), and design and modeling assumptions which may be
somewhat pessimistic for taller-wood building performance.
Collapse Trend with Building Height (Period). The probability of collapse of light-frame wood
building baseline archetype models increases with height (period), all else being equal. This trend is most
likely due to differences in archetype model strength (Vmax/W), which tends to decease with height, and P collapse of the first story, which becomes more critical with height.
Strength. Collapse of light-frame wood baseline archetype models is strongly influenced by archetype

model strength (Vmax/W), the stronger the archetype model, the better the collapse performance, all else
being equal.
Displacement Capacity. Collapse of light-frame wood baseline archetype models is strongly influenced
by archetype model displacement capacity (and residual strength), the larger the displacement capacity,
the better the collapse performance, all else being equal.
P- Effects. Collapse of light-frame wood building archetype models is significantly influenced by P-
effects. In general, the taller (and heavier) the archetype model is, the more P- detrimentally affects
collapse performance, all else being equal.
Very High Seismic (Near Fault) Collapse Performance. The probability of collapse of Very High
Seismic archetype models are substantially greater than that of corresponding High Seismic archetype
models, even when the SFRS of the archetype is designed for proportionally greater seismic forces.
Conclusions
With respect to resolving the short-period building paradox that the results of prior FEMA P-695 collapse
evaluations of numerical models of structural systems designed in accordance with ASCE/SEI 7-10 seem
contrary to the judgment of engineering practitioners and observed earthquake damage, the findings of
parametric studies for light-frame wood buildings are clear. With improved building archetype models of
truly representative light-frame wood building archetypes, there is likely no paradox for short-period lightframe wood buildings with respect to collapse performance. Results of FEMA P-695 analyses of improved
models of short-period light-frame wood buildings show low collapse probabilities for MCER ground
motions consistent with the low rates of Red Tag postings to these buildings after the 1994 Northridge
earthquake. In general, light-frame wood buildings have performed well in earthquakes.
The results of these investigations provide valuable insights into the collapse performance of light-frame
wood buildings that may be of importance to seismic code development committees and to the improvement
performance-based design methods. For example, nonstructural interior and exterior wall finishes are one
of the main reasons that light-frame wood buildings have performed well in past earthquakes, although
nonstructural wall finishes are not considered in the design of the seismic force-resisting system. That is,
good collapse performance in past earthquakes may have been as much a function of the added strength of
nonstructural interior and exterior wall finishes as the design strength of the seismic system.
The investigations of light-frame wood buildings by the ATC-116 Project demonstrate that the fundamental
earthquake engineering concepts of building strength and ductility (i.e., displacement capacity) are the
primary parameters governing collapse performance and show how results of FEMA P-695 collapse
evaluations of improved analytical models could be used to quantify generic collapse performance criteria
for light-frame wood buildings.
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