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EXECUTIVE SUMMARY 

The Pacific Earthquake Engineering Research Center (PEER) is a multi-institutional research 
and education center with headquarters at the University of California, Berkeley. PEER’s 
mission is to (1) develop, validate, and disseminate performance-based engineering (PBE) 
technologies for buildings and infrastructure networks subjected to earthquakes and other natural 
hazards, with the goal of achieving community resilience; and (2) equip the earthquake 
engineering and other extreme-event communities with the 21st-century tools that define the 
current digital revolution. This reports presents the activities of the Center over the period of July 
1, 2017 to June 30, 2018. PEER staff, in particular Grace Kang, Erika Donald, Claire Johnson, 
Christina Bodnar-Anderson, and Zulema Lara, helped in preparation of this report. 

Key activities of the past academic year include the following: 

 Continuation of major projects such as Tall Building Initiative (TBI) and Next 
Generation Attenuation (NGA) projects, and start of work on the major project 
funded by the California Earthquake Authority (CEA). The TBI was completed in 
2017, and NGA projects are nearing completion soon. 

 Addition of University of Nevada, Reno (UNR) as a core institution. 

 Re-establishment of the PEER Research Committee. 

 Issuing a Request for Proposal (RFP) from TSRP funds and funding 17 projects as a 
result of this RFP. Together with the ongoing projects, the total number of projects 
funded in 2017 is 24. 

 Organization of several workshops focused on Liquefaction, Structural Health 
Monitoring (SHM), High-Performance Computing (HPC), Bridge Component 
Fragility Development, Physics-Based Ground Motions, Hybrid Simulation, and 
Research Needs for Resilient Buildings. 

 Rollout of TBI seminars and HayWired activities as part of outreach. 

 Conducting a blind prediction contest with robust participation and instructive 
findings on current modeling approaches. 

 Organization of the PEER Annual Meeting with participation of 240 attendees. 

 Continuing participation in board of directors of international organizations such as 
Global Alliance of Disaster Research Institutes (GADRI) and International 
Laboratory of Earthquake Engineering (ILEE). 

Going forward, PEER aims to hold more focused workshops, form new committees, and 
draw on existing resources and experience on PBE to systematically move towards Resilient 
Design for Extreme Events (RDEE).  
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1 Mission, Vision, and Organization 

1.1 MISSION 

The Pacific Earthquake Engineering Research Center (PEER) is a multi-institutional research 
and education center with headquarters at the University of California, Berkeley. Investigators 
from over 20 universities and several consulting companies, in addition to researchers at various 
State and Federal government agencies, contribute to research programs focused on 
performance-based earthquake engineering (PBEE) in various disciplines, including structural 
and geotechnical engineering, geology/seismology, lifelines, transportation, risk management, 
and public policy. 

In addition, PEER is an Organized Research Unit (ORU) under the College of 
Engineering at the University of California, Berkeley, which provides space for PEER offices 
and largely covers the salaries of PEER staff. In addition, the National Information Service for 
Earthquake Engineering (NISEE) library and the earthquake simulator and structural research 
laboratories located at the U.C. Berkeley campus’ Richmond Field Station are supported by 
PEER. 

PEER’s mission is to (1) develop, validate, and disseminate performance-based 
engineering technologies for buildings and infrastructure networks subjected to earthquakes and 
other natural hazards, with the goal of achieving community resilience; and (2) equip the 
earthquake engineering and other extreme event communities with the 21st-century tools that 
define the current digital revolution. A key goal of PEER's research efforts is to define 
appropriate performance targets, and develop engineering tools and criteria that can be used by 
practicing professionals to achieve those targets, such as safety, cost, and post-earthquake 
functionality. In addition, PEER actively disseminates its findings to professionals who are 
involved in the practice of earthquake engineering, through various mechanisms including 
workshops, conferences, and the PEER Report Series. PEER also conducts Education and 
Outreach programs to reach students, policy makers, practitioners, and others interested in public 
policy and research related to earthquakes and the built environment. 

The core institutions, their researchers and facilities, and educational affiliates are crucial 
components for realizing the Center’s mission and vision. The wide range of expertise among 
many researchers, unmatched capabilities of experimental facilities, and geographic spread of 
institutions make PEER a unique and impactful organization. Some of the most successful PEER 
projects have been multi-institution efforts with industry collaborations. In return, participating 
researchers benefit from the PEER infrastructure: access to well-maintained software and 
databases, dissemination of research through PEER reports, and regular communication efforts, 
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PEER has 12 full time staff members and several other Research Engineers, Project Scientists, 
and Graduate Student Researchers. An Institutional Board (IB), consisting of one representative 
from each of the core institutions, provides policy level guidance and oversight to the Center. 
The Research Committee (RC), consisting of industry and academic members, advises the 
Center in pursuing new research. 

 

 
 

Organizational structure of PEER is shown here for the period of July 1, 2017 through 
June 30, 2018. More details of PEER’s key personnel, IB members, RC members and PEER 
resources are presented in Section 6 of the report. 

College of Engineering 
Dean Shankar Sastry 

PEER Associate Director 
Amarnath Kasalanati 

Associate Dean 
Karl A. van Bibber 

PEER Director 
Khalid Mosalam 

Institutional 
Board 

Research 
Committee 

Administrative 
Officer 

Zulema Lara 

Communications 
Director 

Grace Kang 

Lab Manager 
Alex Mead 

Database 
Administrator 
Gabriel Vargas 

Library Asst. 
Christina 
Bodnar-

Anderson 

Electronic 
Comm. 

Specialist 
Erika Donald 

Lab Mechanic 
Robert Cerney 

Development 
Technician 5 
Nate Knight 

Technical 
Editor 

Claire Johnson 

Development 
Technician 5 

Lobsang Garcia 



 

4 

  



 

5 

 

2 Major Research Projects 

PEER manages several multi-year, multi-institutional projects. These projects explore key thrust 
areas and are broad in their scope and impact areas. Details of current major projects are 
provided in this chapter. 

2.1 TRANSPORTATION SYSTEMS RESEARCH PROGRAM (TSRP) 

PEER receives funding from the State of California to conduct research related to the seismic 
performance of transportation systems. The purpose of the TSRP is to reduce the negative impact 
of earthquakes on California’s transportation systems, including highways and bridges, port 
facilities, high speed rail, and airports. The research utilizes and extends PEER’s PBEE 
methodologies by integrating fundamental knowledge, enabling technologies, and systems. The 
research program also integrates seismological, geotechnical, structural, and socio-economical 
aspects of earthquake and tsunami engineering, and involves computational, experimental, and 
theoretical investigations. 

PEER funded a total of 24 projects from the TSRP in 2017. Seven (7) projects were 
funded in the early part of the year. Through the RFP process with independent review by the 
research committee, six (6) seed proposals (less than $50,000) were funded in November 2017. 
Through the RFP process with independent review by the research committee, eleven (11) full 
proposals (less than $100,000) were funded in December 2017. Details of these projects are 
presented in Chapter 3 and at the TSRP website.  

http://peer.berkeley.edu/transportation/projects/
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near-fault ground motions. The method accounts for temporal and spectral non-stationarity and 
for the variability inherent in real earthquake ground motions. 

Given the small number of parameters and a limited dataset to which it was fitted, the 
current model is not able to capture all characteristics of recorded near-fault ground motions. 
Therefore, in this study, the existing model will be scrutinized and ways to improve its 
formulation investigated, with focus on those components that most influence structural 
response. The ground-motion characteristics that we seek to improve include correlations 
between spectral values at different periods and variability in spectral accelerations at long 
periods. The improved formulation will better characterize the level of ground shaking in seismic 
performance assessment and design of long-period structures, such as tall buildings and long-
span bridges. 

The research will also facilitate use of the simulation procedure for practicing engineers. 
The methods of computing the modulating function parameters will be improved; the size of the 
generated time series data will be reduced to make ensuing structural response calculations more 
tractable; and users will be given more flexibility in the specification of the input, e.g., by adding 
an option to generate ground motions for randomized hypocenter locations. 

RESEARCH IMPACT 

This project contributes to the first step of PEER’s PBEE methodology, namely, characterization 
of the seismic hazard at a location of interest with a special focus on near-fault sites. Near-fault 
ground motions may possess distinct characteristics—including the rupture directivity effect—
that should be taken into account in the seismic risk and performance assessment of structures 
located nearby active faults. 

Probabilistic seismic hazard analysis (PSHA) can be conducted by combining the 
proposed ground-motion model and simulation procedure for seismic-source characterization. 
This first step of PBEE is crucial for the ensuing steps of computing structural responses for the 
given hazard, defining and computing relevant measures of damage to structural and non-
structural components and equipment, and computing decision variables that relate to casualties, 
costs, and downtime. These decision variables drive performance-based design of structures, 
rendering careful characterization of ground motions essential. Thus, we believe the results of 
this project will fill an important gap in the practice of PBEE. 

By improving the existing near-fault ground-motion model and simulation procedure, the 
research being conducted will facilitate the use of simulated ground motions in PBEE. 
Specifically, for any set of earthquake source and site characteristics, one can generate realistic 
simulated near-fault ground motions that have similar statistical characteristics as recorded 
motions in the NGA-West2 database. These simulated motions can be used in response history 
analysis and PBEE applications in place of or in addition to recorded ground motions, without 
any need for scaling (which is a questionable practice in many instances). For example, the 
outcome of this research can be used to characterize the level of ground shaking in the seismic 
performance assessment or design of long-period structures, such as tall buildings and long-span 
bridges in near-fault regions. 
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achieves acceptable performance (e.g., collapse probabilities, deformations etc.), as determined 
within a PBEE framework. 

RESEARCH IMPACT 

Column base connections are an essential component of a huge number of transportation 
structures. Moreover, they are possibly the most important connections in these structures 
because they carry the largest forces and interact with the frame affecting its response. Current 
design/construction practices for base connections as well as the structures that utilize them have 
major conservatisms in material requirements (e.g., deeper embedment or large anchor rods) and 
inefficiencies (e.g., multiple concrete pours, coordination between steel and concrete trades) that 
may be eliminated by more research on embedded base connections. These outcomes (mitigation 
of conservatisms and inefficiencies) will be particularly impactful for two reasons: 

 They will affect all structures that employ steel–concrete footing connections. These 
impacts are not limited to one connection detail or issue, and have a broad impact 
affecting possibly thousands of transportation structures. 

 Research on base connections is much less developed compared to other connections 
(beam–column connections). As a result, we are on the steep part of the learning curve, 
such that major (rather than incremental) advances in our understanding of these 
connections are expected. 

These impacts will be pursued through early and sustained engagement with key code/standard 
committees, including the American Institute of Steel Construction. 
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friction pendulum elements, which use friction models to simulate the interaction of bearing 
axial force and lateral force. Increase in base shear and other effects for 3D shaking relative to 
2D shaking will be evaluated, focusing on systematic trends that can be justified by fundamental 
engineering principles. A small project Advisory Board will be assembled to provide input in the 
design of the parametric study. 

RESEARCH IMPACT 

Performance-based design techniques are used for critical infrastructure that have seismic 
performance objectives beyond minimum code requirements. Highway bridges are a critical 
component of resilient transportation systems that support post-earthquake response and 
recovery. Seismic isolation techniques are recognized as an effective option to reliably achieve 
high post-earthquake performance objectives such as continuous operation. The influence of 
vertical shaking on the lateral response of systems with friction pendulum bearings has been 
identified as a potential shortcoming that may prevent achievement of envisioned performance 
objectives targeted through PEER performance-based earthquake engineering methodology. 
However, prior research has shown that the influence of vertical shaking can be reliably 
predicted through properly constructed models and analysis techniques. In this project, a 
thorough parametric study will lead to more complete understanding of the significance of 
vertical shaking on isolated bridges with a variety of response characteristics, and may ultimately 
lead to recommended changes in the design of bridges isolated with triple pendulum bearings. If 
it is concluded that vertical shaking should be considered, then follow-up work is anticipated to 
determine the specifics of design guidelines for seismically isolated bridges. Efforts to determine 
specifics should be driven by interaction and feedback with code committees, such as AASHTO 
or Caltrans. 
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3.18 PEER REPORTS 2017 

PEER 2017/01  2016 PEER Annual Report. Khalid M. Mosalam, Amarnath Kasalanati, and Grace 
Kang. March 2017. 

The Pacific Earthquake Engineering Research Center (PEER) is a multi-institutional research 
and education center with headquarters at the University of California, Berkeley. PEER’s 
mission is to develop, validate, and disseminate performance-based seismic design 
technologies for buildings and infrastructure to meet the diverse economic and safety needs 
of owners and society. 

The year 2016 began with a change of leadership at PEER. On January 1, Professor Khalid 
Mosalam became the new PEER Director as Professor Stephen Mahin completed his 6- year 
term. Also in early 2016, Dr. Yousef Bozorgnia stepped down from the position of Executive 
Director, after serving as a key member of PEER’s management team for over 12 years. 
Several accomplishments of the Center during the leadership of Director Mahin were 
recounted during the PEER Annual Meeting on January 28–29, 2016. This meeting also set 
the course of the Center with several new thrust areas identified for future research. 

During the past year, PEER has continued its track record of multi-institutional research with 
several multi-year Mega-Projects. The PEER Tall Buildings Initiative (TBI) was recently 
expanded to include assessment of the seismic performance of existing tall buildings. The 
California Earthquake Authority (CEA) awarded a $3.4 million, 3.5-year research contract to 
PEER to investigate the seismic performance of wood-frame homes with cripple walls. The 
project will directly contribute to the improvement of seismic resiliency of California’s 
housing stock. Former Director Mahin will lead a broad effort for computational modeling 
and simulation (SimCenter) of the effects of natural hazards on the built environment. 
Supported by a 5-year, $10.9-million grant from the National Science Foundation (NSF), the 
SimCenter is part of the Natural Hazards Engineering Research Infrastructure (NHERI) 
initiative, a distributed, multiuser national facility that will provide natural hazards engineers 
with access to research infrastructure (earthquake and wind engineering experimental 
facilities, cyberinfrastructure, computational modeling and simulation tools, and research 
data), coupled with education and community outreach activities. 

In addition to the Mega Projects, PEER researchers were involved in a wide range of 
research activities in the areas of geohazards, tsunami, and the built environment focusing on 
the earthquake performance of old and new reinforced concrete and steel structures, tall 
buildings, and bridges including rapid bridge construction. As part of its mission, PEER 
participated in a wide range of education and outreach activities, including a summer 
internship program, seminars, OpenSees days, and participation in several national and 
international conferences. The Center became an active board member of two prominent 
international organizations, namely GADRI (Global Alliance of Disaster Research Institutes) 
and ILEE (International Laboratory of Earthquake Engineering). PEER researchers and 
projects were recognized with awards from several organizations. 

Going forward, PEER aims to improve the profile and external exposure of the Center 
globally, strengthen the Business-Industry-Partnership (BIP) program, engage the 
Institutional Board (IB) and the Industry Advisory Board (IAB) to identify new areas of 
research, and explore new funding opportunities. 
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PEER 2017/02  U.S.–New Zealand–Japan Workshop: Liquefaction-Induced Ground Movements 
Effects, University of California, Berkeley, California, 2–4 November 2016. Jonathan 
D. Bray, Ross W. Boulanger, Misko Cubrinovski, Kohji Tokimatsu, Steven L. Kramer, 
Thomas O’Rourke, Ellen Rathje, Russell A. Green, Peter K. Robinson, and Christine 
Z. Beyzaei. March 2017. 

There is much to learn from the recent New Zealand and Japan earthquakes. These 
earthquakes produced differing levels of liquefaction-induced ground movements that 
damaged buildings, bridges, and buried utilities. Along with the often spectacular 
observations of infrastructure damage, there were many cases where well-built facilities 
located in areas of liquefaction-induced ground failure were not damaged. Researchers are 
working on characterizing and learning from these observations of both poor and good 
performance. 

The “Liquefaction-Induced Ground Movements Effects” workshop provided an opportunity 
to take advantage of recent research investments following these earthquake events to 
develop a path forward for an integrated understanding of how infrastructure performs with 
various levels of liquefaction. Fifty-five researchers in the field, two-thirds from the U.S. and 
one-third from New Zealand and Japan, convened in Berkeley, California, in November 
2016. The objective of the workshop was to identify research thrusts offering the greatest 
potential for advancing our capabilities for understanding, evaluating, and mitigating the 
effects of liquefaction-induced ground movements on structures and lifelines. The workshop 
also advanced the development of younger researchers by identifying promising research 
opportunities and approaches, and promoting future collaborations among participants. 

During the workshop, participants identified five cross-cutting research priorities that need to 
be addressed to advance our scientific understanding of and engineering procedures for soil 
liquefaction effects during earthquakes. Accordingly, this report was organized to address 
five research themes: (1) case history data; (2) integrated site characterization; (3) numerical 
analysis; (4) challenging soils; and (5) effects and mitigation of liquefaction in the built 
environment and communities. These research themes provide an integrated approach toward 
transformative advances in addressing liquefaction hazards worldwide. 

The archival documentation of liquefaction case history datasets in electronic data 
repositories for use by the broader research community is critical to accelerating advances in 
liquefaction research. Many of the available liquefaction case history datasets are not fully 
documented, published, or shared. Developing and sharing well-documented liquefaction 
datasets reflect significant research efforts. Therefore, datasets should be published with a 
permanent DOI, with appropriate citation language for proper acknowledgment in 
publications that use the data. 

Integrated site characterization procedures that incorporate qualitative geologic information 
about the soil deposits at a site and the quantitative information from in situ and laboratory 
engineering tests of these soils are essential for quantifying and minimizing the uncertainties 
associated site characterization. Such information is vitally important to help identify 
potential failure modes and guide in situ testing. At the site scale, one potential way to do this 
is to use proxies for depositional environments. At the fabric and microstructure scale, the 
use of multiple in situ tests that induce different levels of strain should be used to 
characterize soil properties. 
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The development of new in situ testing tools and methods that are more sensitive to soil 
fabric and microstructure should be continued. The development of robust, validated 
analytical procedures for evaluating the effects of liquefaction on civil infrastructure persists 
as a critical research topic. Robust validated analytical procedures would translate into more 
reliable evaluations of critical civil infrastructure iv performance, support the development of 
mechanics-based, practice-oriented engineering models, help eliminate suspected biases in 
our current engineering practices, and facilitate greater integration with structural, hydraulic, 
and wind engineering analysis capabilities for addressing multi-hazard problems. Effective 
collaboration across countries and disciplines is essential for developing analytical 
procedures that are robust across the full spectrum of geologic, infrastructure, and natural 
hazard loading conditions encountered in practice. 

There are soils that are challenging to characterize, to model, and to evaluate, because their 
responses differ significantly from those of clean sands: they cannot be sampled and tested 
effectively using existing procedures, their properties cannot be estimated confidently using 
existing in situ testing methods, or constitutive models to describe their responses have not 
yet been developed or validated. Challenging soils include but are not limited to: interbedded 
soil deposits, intermediate (silty) soils, mine tailings, gravelly soils, crushable soils, aged 
soils, and cemented soils. New field and laboratory test procedures are required to 
characterize the responses of these materials to earthquake loadings, physical experiments are 
required to explore mechanisms, and new soil constitutive models tailored to describe the 
behavior of such soils are required. Well-documented case histories involving challenging 
soils where both the poor and good performance of engineered systems are documented are 
also of high priority. 

Characterizing and mitigating the effects of liquefaction on the built environment requires 
understanding its components and interactions as a system, including residential housing, 
commercial and industrial buildings, public buildings and facilities, and spatially distributed 
infrastructure, such as electric power, gas and liquid fuel, telecommunication, transportation, 
water supply, wastewater conveyance/treatment, and flood protection systems. Research to 
improve the characterization and mitigation of liquefaction effects on the built environment 
is essential for achieving resiliency. For example, the complex mechanisms of ground 
deformation caused by liquefaction and building response need to be clarified and the 
potential bias and dispersion in practice-oriented procedures for quantifying building 
response to liquefaction need to be quantified. Component-focused and system performance 
research on lifeline response to liquefaction is required. Research on component behavior can 
be advanced by numerical simulations in combination with centrifuge and large-scale soil–
structure interaction testing. System response requires advanced network analysis that 
accounts for the propagation of uncertainty in assessing the effects of liquefaction on large, 
geographically distributed systems. Lastly, research on liquefaction mitigation strategies, 
including aspects of ground improvement, structural modification, system health monitoring, 
and rapid recovery planning, is needed to identify the most effective, cost efficient, and 
sustainable measures to improve the response and resiliency of the built environment. 
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PEER 2017/03  NGA-East Ground-Motion Models for the U.S. Geological Survey National Seismic 
Hazard Maps. Christine A. Goulet, Yousef Bozorgnia, Nicolas Kuehn, Linda Al Atik, 
Robert R. Youngs, Robert W. Graves, and Gail M. Atkinson. March 2017. 

The purpose of this report is to provide a set of ground motion models (GMMs) to be 
considered by the U.S. Geological Survey (USGS) for their National Seismic Hazard Maps 
(NSHMs) for the Central and Eastern U.S. (CEUS). These interim GMMs are adjusted and 
modified from a set of preliminary models developed as part of the Next Generation 
Attenuation for Central and Eastern North-America (CENA) project (NGA-East). The NGA-
East objective was to develop a new ground-motion characterization (GMC) model for the 
CENA region. The GMC model consists of a set of GMMs for median and standard 
deviation of ground motions and their associated weights in the logic-tree for use in 
probabilistic seismic hazard analysis (PSHA). 

NGA-East is a large multidisciplinary project coordinated by the Pacific Earthquake 
Engineering Research Center (PEER), at the University of California, Berkeley. The project 
has two components: (1) a set of scientific research tasks, and (2) a model-building 
component following the framework of the “Seismic Senior Hazard Analysis Committee 
(SSHAC) Level 3” [Budnitz et al. 1997; NRC 2012]. Component (2) is built on the scientific 
results of component (1) of the NGA-East Project. This report does not document the final 
NGA-East model under (2), but instead presents interim GMMs for use in the U.S. 
Geological Survey (USGS) National Seismic Hazard Maps. 

Under component (1) of NGA-East, several scientific issues were addressed, including: (a) 
development of a new database of empirical data recorded in CENA; (b) development of a 
regionalized ground-motion map for CENA, (c) definition of the reference site condition; (d) 
simulations of ground motions based on different methodologies, (e) development of 
numerous GMMs for CENA, and (f) the development of the current report. The scientific 
tasks of NGA-East were all documented as a series of PEER reports. 

This report documents the GMMs recommended by the authors for consideration by the 
USGS for their NSHM. The report documents the key elements involved in the development 
of the proposed GMMs and summarizes the median and aleatory models for ground motions 
along with their recommended weights. The models presented here build on the work from 
the authors and aim to globally represent the epistemic uncertainty in ground motions for 
CENA. 

The NGA-East models for the USGS NSHMs includes a set of 13 GMMs defined for 25 
ground-motion intensity measures, applicable to CENA in the moment magnitude range of 
4.0 to 8.2 and covering distances up to 1500 km. Standard deviation models are also provided 
for general PSHA applications (ergodic standard deviation). Adjustment factors are provided 
for hazard computations involving the Gulf Coast region. 

PEER 2017/04  Expert Panel Recommendations for Ergodic Site Amplification in Central and Eastern 
North America. Jonathan P. Stewart, Grace A Parker, Joseph P. Harmon, Gail M. 
Atkinson, David M. Boore, Robert B. Darragh, Walter J. Silva, and Youssef M.A. 
Hashash. March 2017. 

The U.S. Geological Survey (USGS) national seismic hazard maps have historically been 
produced for a reference site condition of VS30 = 760 m/sec (where VS30 is time averaged 
shear wave velocity in the upper 30 m of the site). The resulting ground motions are modified 
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for five site classes (A-E) using site amplification factors for peak acceleration and ranges of 
short- and long-oscillator periods. As a result of Project 17 recommendations, this practice is 
being revised: (1) maps will be produced for a range of site conditions (as represented by 
VS30) instead of a single reference condition; and (2) the use of site factors for period ranges 
is being replaced with period-specific factors over the period range of interest (approximately 
0.1 to 10 sec). Since the development of the current framework for site amplification factors 
in 1992, the technical basis for the site factors used in conjunction with the USGS hazard 
maps has remained essentially unchanged, with only one modification (in 2014). The 
approach has been to constrain site amplification for low-to-moderate levels of ground 
shaking using inference from observed ground motions (approximately linear site response), 
and to use ground response simulations (recently combined with observations) to constrain 
nonlinear site response. Both the linear and nonlinear site response has been based on data 
and geologic conditions in the western U.S. (an active tectonic region). This project and a 
large amount of previous and contemporaneous related research (e.g., NGA-East 
Geotechnical Working Group for site response) has sought to provide an improved basis for 
the evaluation of ergodic site amplification in central and eastern North America (CENA). 
The term ‘ergodic’ in this context refers to regionally-appropriate, but not site-specific, site 
amplification models (i.e., models are appropriate for CENA generally, but would be 
expected to have bias for any particular site). The specific scope of this project was to review 
and synthesize relevant research results so as to provide recommendations to the USGS for 
the modeling of ergodic site amplification in CENA for application in the next version of 
USGS maps. 

The panel assembled for this project recommends a model provided as three terms that are 
additive in natural logarithmic units. Two describe linear site amplification. One of these 
describes VS30-scaling relative to a 760 m/sec reference, is largely empirical, and has several 
distinct attributes relative to models for active tectonic regions. The second linear term 
adjusts site amplification from the 760 m/sec reference to the CENA reference condition 
(used with NGA-East ground motion models) of VS =3000 m/sec; this second term is 
simulation-based. The panel is also recommending a nonlinear model, which is described in a 
companion report [Hashash et al. 2017a]. All median model components are accompanied by 
models for epistemic uncertainty. 

The models provided in this report are recommended for application by the USGS and other 
entities. The models are considered applicable for VS30 = 200–2000 m/sec site conditions and 
oscillator periods of 0.08–5 sec. Finally, it should be understood that as ergodic models, they 
lack attributes that may be important for specific sites, such as resonances at site periods. 
Sites-specific analyses are recommended to capture such effects for significant projects and 
for any site condition with VS30 < 200 m/sec. We recommend that future site response models 
for hazard applications consider a two-parameter formulation that includes a measure of site 
period in addition to site stiffness. 

PEER 2017/05  Recommendations for Ergodic Nonlinear Site Amplification in Central and Eastern 
North America. Youssef M.A. Hashash, Joseph A. Harmon, Okan Ilhan, Grace A. 
Parker, and Jonathan P. Stewart. March 2017. 

This document is a companion report to Expert Panel Recommendation for Ergodic Linear 
Site Amplification Models in central and eastern North America (PEER Report No. 2017/04, 
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Stewart et al. 2017). This report describes the panel recommendations for ergodic median 
nonlinear site amplification models, which are meant to accompany linear models in the 
companion report. Nonlinear models for site amplification must represent the strength of the 
input ground motion in some manner, and peak acceleration for a reference condition (PGAr) 
is often used. The use of PGAr (and similar parameters) requires specification of a reference 
condition in the development of nonlinear models, and those provided here consider 
reference conditions of VS = 3000 m/sec and VS30 = 760 m/sec. One of the proposed models 
(the GWG-S nonlinear amplification model) is derived for a reference condition of VS = 3000 
m/sec. A second is identical to the first except that PGAr is adjusted to a VS30 = 760 m/sec 
reference condition. Nonlinear amplification models in this report are produced as functions 
of VS30 and (PGAr). Other models evaluated in this report are the PEA nonlinear 
amplification model and the GWG-S model with an alternative approach to convert GWG-S 
nonlinear amplification model estimations to a VS30 = 760 m/sec reference condition. A 
recommended epistemic uncertainty model on the GWG-S recommended median nonlinear 
amplification models is provided in piecewise functional form to generate reasonable 
variation of Fnl across the period and VS30 ranges of interest. Limitations on the recommended 
models are presented considering both the methodology of the recommended model 
derivation and limitations of nonlinear amplification models in general. 

PEER 2017/06  Guidelines for Performance-Based Seismic Design of Tall Buildings, Version 2.01. 
Version 2.0, prepared by a TBI Working Group led by co-chairs Ron Hamburger and 
Jack Moehle: Jack Baker, Jonathan Bray, C.B. Crouse, Greg Deierlein, John Hooper, 
Marshall Lew, Joe Maffei, Stephen Mahin, James Malley, Farzad Naeim, Jonathan 
Stewart, and John Wallace. May 2017. 

These Seismic Design Guidelines for Tall Buildings present a recommended alternative to 
the prescriptive procedures for seismic design of buildings contained in the ASCE 7 standard 
and the International Building Code (IBC). The intended audience includes structural 
engineers and building officials engaged in seismic design and review of tall buildings. 
Properly executed, these Guidelines are intended to result in buildings that are capable of 
reliably achieving the seismic performance objectives intended by ASCE 7, and in some 
aspects, and where specifically noted, somewhat superior performance to such objectives. 
Individual users may adapt and modify these Guidelines to serve as the basis for designs 
intended to achieve higher seismic performance objectives than specifically intended herein. 

The Pacific Earthquake Engineering Research Center published a first edition of these 
Guidelines in 2010 in response to the growing use of alternative performance-based 
approaches for seismic design of tall buildings. Major innovations introduced in that volume 
included: use of Service-Level Earthquake (SLE) shaking to evaluate building response to 
frequent earthquakes coupled with a specific collapse-resistance evaluation for Maximum 
Considered Earthquake (MCER) shaking, use of nonlinear dynamic analysis; explicit 
evaluation of global, system-based performance criteria in addition to individual element or 
member-based criteria; introduction of the concept of critical and non-critical elements; and 
explicit evaluation of cladding adequacy for MCER demands. 

In the time since the publication of the 2010 Guidelines, the profession has gained substantial 
experience in application of these techniques to design of buildings around the world, and, in 
particular, the western United States. Also, the ASCE 7 standard has been amended 
substantially, in no small part based on influence from the first edition of this document. 
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Additionally, significant advances have been made in nonlinear analytical capability and in 
defining ground motions for use in nonlinear seismic analysis. Initially, buildings designed 
using performance-based procedures were assigned to Risk Category II; these buildings were 
structurally regular and typically utilized concrete core wall systems for lateral resistance. 
Individual project development teams have extended the use of performance-based seismic 
design of tall buildings to encompass other structural systems, building complexes that 
include irregular structures and multiple towers on a single podium, and numerous structures 
assigned to higher Risk Categories. This second edition addresses lessons learned in 
application of the first edition on many projects and the conditions, knowledge, and state-of-
practice that presently exist. 

These Guidelines include the seismic design of structural elements normally assigned as part 
of the seismic-force-resisting system as well as structural elements whose primary function is 
to support gravity loads. Except for exterior cladding, design of nonstructural components is 
not specifically included within the scope of these Guidelines. Design for nonstructural 
systems should conform to the applicable requirements of the building code or other suitable 
alternatives that consider the unique response characteristics of tall buildings. 

PEER 2017/07  A Nonlinear Kinetic Model for Multi-Stage Friction Pendulum Systems. Paul L. Drazin 
and Sanjay Govindjee. October 2017. 

Multi-stage friction pendulum systems (MSFPs), or more specifically the triple friction 
pendulum (TFP), are currently being developed as seismic isolation devices for buildings and 
other large structures. However, all current models are inadequate in properly modeling all 
facets of these devices. Either the model can only handle uni-directional ground motions 
while incorporating the kinetics of the TFP system, or the model ignores the kinetics and 
only models bi-directional motion. And in all cases, the model is linearized to simplify the 
equations.  

This paper presents an all-in-one model that incorporates the full nonlinear kinetics of the 
TFP system while allowing for bi-directional ground motion. In this way, the model 
presented here is the most complete single model currently available. The model is developed 
in such a way that allows for easy expansion to any standard type of MSFP, simply by 
following the procedure outlined in this report.  

It was found that the nonlinear model can more accurately predict the experimental results 
for large displacements due to the nonlinear kinematics used to describe the system. It is also 
shown that the inertial effects of TFP system are negligible in normal operating regimes, 
however, in the event of uplift, the inertial effects may become significant. The model is also 
able to accurately predict the experimental results for complicated bi-directional ground 
motions.  

PEER 2017/08  Influence of Kinematic SSI on Foundation Input Motions for Bridges on Deep 
Foundations. Benjamin J. Turner, Scott J. Brandenberg, and Jonathan P. Stewart. 
November 2017. 

Seismic design of bridges and other pile-supported structures often utilizes a substructure 
method of dynamic analysis in which the foundation elements are not explicitly modeled but 
are replaced by springs and dashpots representing the foundation impedance. The ground 
motion appropriate for input to the free end of the springs, known as the “foundation input 



 

38 

motion” (FIM), differs from the free-field motion (FFM) due to the difference in stiffness and 
deformation characteristics between the pile(s) and soil, which is typically overlooked in 
practice. Results of a parametric study of the influence of kinematic pile–soil interaction on 
FIM are presented. One dimensional nonlinear ground response analyses were used to define 
free-field motions, which were subsequently imposed on a beam-on-nonlinear-dynamic-
Winkler-foundation pile model. The free-field ground surface motion and top-of-pile FIM 
computed from these results were then used to compute transfer functions and spectral ratios 
for use with the substructure method of seismic analysis. A total of 1920 parametric 
combinations of different pile sizes, soil profiles, and ground motions were analyzed. 

Results of the study show that significant reductions of the FFM occur for stiff piles in soft 
soil, which could result in a favorable reduction in design demands for short-period 
structures. Group effects considering spatially-variable (incoherent) ground motions are 
found to be minor over the footprint of a typical bridge bent, resulting in an additional 
reduction of FFM by 10% or less compared to an equivalent single pile. 

This study aims to overcome limitations of idealistic assumptions that have been employed in 
previous studies such as linear-elastic material behavior, drastically simplified stratigraphy, 
and harmonic oscillations in lieu of real ground motions. In order to capture the important 
influence of more realistic conditions such as material nonlinearity, subsurface heterogeneity, 
and variable frequency-content ground motions, a set of models for predicting transfer 
functions and spectral ratios has been developed through statistical regression of the results 
from this parametric study. These allow foundation engineers to predict kinematic pile–soil 
interaction effects without performing dynamic pile analyses. 

While previously available elastic analytical models are shown to be capable of predicting 
the average results of this study, they do not adequately reflect the amount of variability in 
the results that arises from consideration of more realistic conditions. The new model is also 
used to re-examine available case history data that could not be explained by existing 
models. 

PEER 2017/09  “R” Package for Computation of Earthquake Ground-Motion Response Spectra 
Pengfei Wang, Jonathan P. Stewart, Yousef Bozorgnia, David M. Boore, and 
Tadahiro Kishida. December 2017. 

Earthquake ground motions are typically recorded with one vertical and two horizontal 
components. It has become standard practice to represent the horizontal component of 
ground shaking in a manner that recognizes a range of amplitudes with changing azimuths. 
These variable amplitudes can be generically denoted RotDxx, where xx indicates the 
percentile of the horizontal amplitude range. RotDxx representations of ground motion are 
used with amplitude parameters (peak acceleration and velocity) as well as response spectral 
ordinates for a range of oscillator periods. The use of RotDxx ground motions was introduced 
in the NGA-West2 project, and analysis procedures for their computation were originally 
developed in Fortran by the fourth author of this report. Here we describe the implementation 
of these analysis procedures in R, resulting in an “R” package referred to as Rotated 
Combination of Two-Component ground motions (RCTC). We describe related algorithms 
for recovering accurate peak quantities from digital data (i.e., Sinc-interpolation and subset 
selection), which are also implemented in RCTC. We verify the code outputs by comparing 
them with a prior Fortran code. RCTC takes as input two horizontal components of ground 
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motion, their azimuths, and their time step, and returns various types of variables, including 
pseudo spectral acceleration for each horizontal component, RotDxx for xx=0, 50, 100% as 
well as earlier, orientation-independent, geometric mean parameter GMRotI50. Other period-
independent variables are also computed and outputted. We document here the code 

verification and provide instructions for its use. 

PEER 2017/10 Development of Time Histories for IEEE693 Testing and Analysis (Including 
Seismically Isolated Equipment). Shakhzod M. Takhirov, Eric Fujisaki, Leon 
Kempner, Michael Riley, and Brian Low. December 2017 

This study was undertaken to address new developments in IEEE P693/D16 [IEEE693 WG 
2017], account for the new strong-motion records from the recent major earthquakes, and 
assess their effects on the spectral demand. A large set of both crustal and subduction type 
records was investigated based on a number of parameters and intensity measures. The best 
candidates were selected as seed motions. The motions were matched to the IEEE693 
spectrum in a time domain at 5% damping, which follows the guidance of IEEE P693/D16 
[IEEE693 WG 2017]. In addition, three three-component synthetic time histories were 
generated. All modified and generated time histories were arranged into a suite of time 
histories proposed for use in IEEE693 seismic qualification analysis and testing. The suite 
consisted of four IEEE693-spectrum-compatible time histories modified from crustal records, 
one IEEE693-spectrum-compatible time history modified from a subduction record, and 
three IEEE693-spectrum-compatible synthetic time histories. The spectral matching was 
conducted with a tight tolerance to remain within a 15% strip above the IEEE693 spectra in a 
wide-frequency range. It was shown that the conservatism of the IEEE693 spectrum is 
different for crustal and subduction type records. Based on the results of the investigation, the 
study summarizes the basis for changes to the requirements for development of input time 
histories given in IEEE P693/D16, and considerations for input motion specifications for a 
future edition of the standard. 

PEER 2017/11  Preliminary Studies on the Dynamic Response of a Seismically Isolated Prototype 
Gen-IV Sodium-Cooled Fast Reactor (PGSFR). Benshun Shao, Andreas H. 
Schellenberg, Matthew J. Schoettler, and Stephen A. Mahin, December 2017. 

The KEPCO Engineering and Construction Company, Inc. (KEPCO E&C) is developing a 
Prototype Gen-IV Sodium-Cooled Fast Reactor (PGSFR). Preliminary evaluations of the 
behavior of the isolated PGSFR when subjected to seismic and aircraft impact loading 
conditions were conducted to support design efforts by KEPCO E&C. Results and key 
findings of these analyses are as follows: (i) because isolator deformations are typically quite 
small for the considered seismic excitation levels, the benefit of seismic isolation could be 
enhanced with revised isolator designs that reduce the apparent yield strength and permit 
greater displacement demands; (ii) the amplitudes of acceleration and displacement responses 
resulting from the impact of a large aircraft are similar to or exceed the demands imposed by 
a seismic event based on the NRC hazard with a peak ground acceleration of 0.3g, and (iii) as 
provided, the isolator initial stiffness is poorly conditioned since it leads to fundamental 
isolation frequencies that are not well separated from the plant’s superstructure frequencies, 
and triggers some resonance that significantly increases floor acceleration response spectra. 
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PEER2017/12   Experimental Investigation of the Behavior of Vintage and Retrofit Concentrically 
Braced Steel Frames under Cyclic Loading. Barbara G. Simpson, Stephen A. Mahin, 
and Jiun-Wei Lai. December 2017. 

The parallel evolution of seismic design provisions and braced-frame research has led to 
inconsistencies between the design and construction of braced frames and the development of 
modern seismic design codes and now-typical detailing requirements. Since literature on 
concentrically braced frames (CBFs) spans over several decades, existing older or vintage 
concentrically braced frames–especially those designed prior 1988–may be prone to a 
number of deficiencies that are now limited in new CBFs due to contemporary seismic 
design requirements.  

The number and range of these deficiencies and their likely interdependence, makes 
assessing the likely behavior of vintage braced frame systems problematic. Recent research 
has focused on improving the seismic behavior of modern braced frame systems, such as the 
Special Concentrically Braced Frame (SCBF). In contrast, relatively little research has 
focused on existing braced frames, even though vintage CBFs may be characterized by 
distinctly different behavior from modern SCBFs. Component tests of non-compact braces 
and connections and documented failures during past earthquakes have shown that vintage 
CBFs may be vulnerable to a number of complex damage states, including limited 
deformability and energy-dissipation capacity of the braces, potentially brittle connection 
failures, beam yielding in V- or chevron configurations, etc.  

To improve this situation, experiments of complete sub-assemblages of vintage braced frame 
systems are needed to improve understanding of seismic response, assess the feasibility and 
efficacy of possible retrofit strategies, and calibrate computational models for future 
parametric studies. This report presents results of experiments and related analyses 
performed on vintage CBF specimens. Cyclic quasi-static tests were performed on three full-
scale CBF specimens. A common two-story, one-bay configuration was adopted. The first 
specimen was representative of a pre-1988 CBF incorporating hollow HSS braces. The 
second specimen was similar, but the HSS braces were filled with concrete. The third 
specimen incorporated a mast (or strongback) retrofit and other features intended to mitigate 
the weak-story behavior observed in the first two specimens. 

The first test structure utilized square HSS braces placed in a “chevron” configuration with 
one column oriented in strong-axis bending and the other in weak-axis bending. The first 
specimen was designed according to the 1985 Uniform Building Code; as such, it did not 
satisfy many requirements of current seismic design codes. These inadequacies were typical 
of vintage construction and included high brace width-to-thickness ratios, weak gusset 
connections lacking adequate yield-lines, weak beams designed without consideration of an 
unbalanced load that may arise due to brace buckling, and no capacity design considerations 
in proportioning members or connections. This specimen formed a weak story in the second 
floor, while the rest of the frame experienced only minor yielding and little permanent 
damage. Both second-story braces buckled–exhibiting considerable local buckling at the 
brace midpoint–and then fractured within a few additional cycles. Since the imposed story 
drifts were modest, the frame was subsequently repaired. The fractured second-story braces 
and gussets were replaced with the same sections. 



 

41 

The new braces in the “second” test specimen were filled with low-strength concrete in an 
effort to postpone brace local buckling and fracture observed during the first experiment. Net 
section reinforcement was also added at all the brace-to-gusset connections. Testing of the 
second specimen also resulted in a weak-story mechanism but in the bottom story. Delayed 
local buckling and subsequent fracture was observed in one of the bottom-story braces. After 
fracture of this brace, the frame tended to behave like an eccentrically braced frame (EBF) 
with a long link beam. This beam provided a relatively weak and flexible energy-dissipating 
mechanism. Many different local failure mechanisms were observed during subsequent 
loading cycles, including nearly-complete fracture at one column-to-baseplate interface, 
significant local buckling, and multiple connection weld and base metal failures. 

The third specimen utilized a “strongback” (SB) retrofit aimed at alleviating the weak-story 
behavior seen in both the first and second experimental tests. The SB system employs a steel 
truss “backbone” that is designed to remain essentially elastic. This truss enforces similar 
drift demands in adjacent stories to delay or prevent weak-story behavior. The retrofit design 
was composed of two halves: an “inelastic” truss utilizing a buckling-restrained brace (BRB) 
that dissipated seismic input energy and an “elastic” vertical truss designed to control weak-
story behavior. The specimen was successful in imposing nearly uniform drifts over the full 
height of the frame throughout the duration of the test. These preliminary experimental 
results show that the SB system can be an effective means in limiting weak-story 
mechanisms. 

A number of numerical simulations were calibrated to the experimental results. These 
analytical models are capable of predicting the observed behavior. The models developed 
adequately simulated the observed brace global buckling, braces fatigue, column-to-baseplate 
fracture, and the overall global response of the test specimens. 
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the highest score in each category were declared the winners. The winners were announced at the 
PEER Annual Meeting held at UC Berkeley in January 18–19, 2018. 

In addition to the predictions, the contestants were asked to provide a range that they 
thought the measured response would be within with 80% probability. Statistical evaluation of 
the competition results is in progress and will be published in the form of scholarly papers and a 
PEER report soon. 

More information about the competition can be accessed from: 
http://peer.berkeley.edu/prediction_contest/. The experimental results are posted on the contest 
website, and contestants are encouraged to compare their predictions with these results, update 
their models according to the test results, and provide any feedback to PEER on improved 
modeling. Although the competition is completed, information required to develop analytical 
models and the corresponding experimental results are still available on the website; therefore, 
members of the earthquake engineering community are welcome to use these data and 
information to continue developing analytical models. 

4.5 PEER-TSRP FUNDS 6 SEED AND 11 FULL PROPOSALS 

PEER has continuing funding from the State of California related to the seismic performance of 
transportation systems. This funding supports the Transportation Systems Research Program 
(TSRP), the purpose of which is to lessen the impacts of earthquakes on the transportation 
systems of California, including highways and bridges, port facilities, high-speed rail, and 
airports. In September 2017, PEER issued a request for proposals, “Solicitation PEER TSRP 17-
01” for one- and two-year projects aligned with the current TSRP research priorities and vision. 

In response to “Solicitation PEER TSRP 17-01,” 47 outstanding proposals were received, 
covering 16 different issues in the broad domains of: Geotechnical Engineering (G), PBEE of 
Bridges and Other Transportation Systems (S), PBEE Methodology (M), PBEE Tools (T), and 
Areas of Application (A). All proposals were grouped into two categories: 13 seed proposals of 
$50,000 total budget or less and 34 full proposals of more than $50,000 total budget. Each 
proposal received three independent reviews from members of the PEER Research Committee. 
Based on the priorities of the pre-set strategic plan, pre-defined evaluation criteria that was 
specified in the RFP, and factors such as the PI qualifications and level of engagement of as 
many of the PEER core institutes as possible, 17 new projects were approved: 6 seed projects 
and 11 full projects, comprising a total of 17 projects funded for over $1 million. 

Two of the 11 full projects involve collaborations of PEER core campuses. One project is 
a collaboration between PEER core campuses Stanford University and UNR, and another project 
is a collaboration between a PEER core campus, UC Davis and Forell/Elsesser Engineers, a 
member of PEER Business and Industry Partnership (BIP) program, Awarded projects are listed 
on the PEER-TSRP website at http://peer.berkeley.edu/transportation/projects/. Details of these 
projects can be found in Chapter 3, where it can be observed that each project provided a major 
contribution to the PEER mission individually and holistically. 

 

http://peer.berkeley.edu/events/annual_meeting/2018AM/program/
http://peer.berkeley.edu/prediction_contest/
http://peer.berkeley.edu/transportation/projects/
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diplomatic visitors. Therefore, mitigating the risks for the French population, along with the 
embassies and consulates, in earthquake-prone areas was of great interest to the delegation. 

PEER Director Khalid Mosalam discussed the Center’s activities, details of seismic 
activity around the world, how risk is evaluated, PEER’s PBEE methodology, and early warning 
systems. Director Mosalam also emphasized PEER’s ties with the France–Berkeley Fund, as 
well as the work that was done with sensors as a result of this collaboration. Additionally, Heidi 
Tremayne, Executive Director of EERI, talked about EERI’s efforts in reducing earthquake risks 
around the world. 

Following the presentations, delegates from the international team asked questions about 
mitigating seismic risk: where to begin, what to do, and how to do it. Questions also arose about 
sensors and early warning systems. Mr. Philippe Perez, the Attaché for Science and Technology 
in San Francisco, enquired about the ways they can actively engage with the earthquake 
engineering community to stay abreast of latest developments. PEER and EERI recommended 
participation in the upcoming 11NCEE as a way to start participation. PEER will follow up with 
Mr. Perez in June 2018 about participation in the conference and other related activities. 

4.11 PEER HUB IMAGENET (PHI) CHALLENGE 

The Pacific Earthquake Engineering 
Research Center (PEER) organized the first 
image-based structural damage 
identification competition: the PEER Hub 
ImageNet (PHI) Challenge to be announced 
in the mid-summer of 2018. 

In this challenge, two sets of images will be provided to the contestants, one for training 
and the other for testing. The first set consists of about 20,000 labeled images for different 
categories, examples of which are structural component type, damage level, and damage type. 
Each competing team is expected to use/develop algorithms to train their recognition models 
based on these well-labeled images. The second set consists of 5000 unlabeled images to be 
labeled by the teams using their trained algorithms. Labels predicted for the test set will be 
compared against reference labels, and teams with the highest accuracy will be declared the 
winners of the challenge. Reference labels will be provided by a team of structural experts 
determined by the competition organization committee. Scoring and other rules will be provided 
during the formal challenge announcement. 

This effort is part of PEER’s strategic plan of equipping the earthquake engineering 
community with tools of the current Digital Revolution Era of Machine Learning, Deep 
Learning, Artificial Intelligence, and High-Performance Computing. The objective of this 
challenge is to fully engage the earthquake engineering and other members of the extreme events 
community at all stages, including preparation of the datasets, execution of the computations, 
and processing and interpretation of the results. In the datasets preparation stage, members of the 
community are expected to contribute by uploading images that can be used in the challenge and 
by labeling these images. To encourage participation to the datasets presentation, PEER hosted a 
Boot Camp of Machine Learning in Vision-based Structural Health Monitoring, 
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4.13 PEER PARTICIPATION AT THE 11NCEE, JUNE, 2018 

Many PEER-affiliated 
researchers participated at the 11th 
National Conference on Earthquake 
Engineering held in Los Angeles, 
California, on June 2 –29, 2018. Over a 

dozen faculty, post-docs, and students presented their work on PEER-funded research. 
Additionally, over 70 PEER-affiliated researchers from PEER core institutions as well as other 
institutions throughout the world presented and shared posters during the conference. 

The PEER exhibit booth was well attended, 
with scheduled “Meet the Expert” sessions held 
during the morning and afternoon breaks, as well as 
impromptu gatherings with researchers and 
practitioners. Scheduled experts included Dimitrios 
Lignos, Jack Baker, Jonathan Stewart, I. M. Idriss, 
Vesna Terzic, Erica Fisher, Barbara Simpson, Tali 
Feinstein, Hong-Kie Thio, and Selim Günay. 

 

A special session titled, “Steve Mahin 
Retrospective,” was held Thursday morning, in honor 
of former PEER Director Mahin. The session was 
moderated by Jim Malley (Degenkolb Engineers) and 
Jack Moehle (UC Berkeley, former PEER Director). 
Speakers included Mahin’s first Ph.D. student as well 
as his most recent Ph.D. students. Members of the 
audience were also invited to share their memories of 
Steve. 

Norm Abrahamson, UC Berkeley, delivered Wednesday’s Plenary Session Presentation, 
“What Changes to Expect in Seismic Hazard Analyses in the Next 5 Years.” Maryann Phipps, 
Estructure, delivered Thursday’s Plenary Session Presentation, “Seismic Risk: Towards 

Performance-Based Construction—Better 
Buildings by Design,” and mentioned the broad 
range of analysis results recently illustrated by 
submittals to the 2017 PEER Blind Prediction 
Contest. Selim Günay, PEER, presented “Deep 
Residual Network with Transfer Learning for 
Image-based Structural Damage Recognition,” 
and introduced the PEER PHI Challenge that 
will have more details announced on July 15, 
2018. 
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University of California, Davis  

Ross Boulanger 
Rob Y.H. Chai 
Jason deJong 
I.M. Idriss 

Boris Jeremíc 
Amit Kanvinde 
Sashi Kunnath 

Bruce Kutter 
Kenneth Loh 
Brian Maroney 

University of California, Irvine  

Anne Lemnitzer 
Ayman Mosallam 

Farzad Naeim 
Farzin Zareian 

 

University of California, Los Angeles  

Scott Brandenberg 
Robert Kayen 

Jonathan Stewart Ertugrul 
Taciroglu 

John Wallace 
Jian Zhang 

University of California, San Diego  

Joel Conte 
Ahmed Elgamal 
Patrick Fox 
Tara Hutchinson 

J. E. Luco Gilberto Mosqueda  
José Restrepo 
 

Pui-Shum Shing 
Chia-Ming Uang 
Yael Van Den Einde 

University of Southern California  

Gregg Brandow 
Roger Ghanem 
Tom Jordan 

Erik Johnson 
Patrick Lynett 
Sami Masri 

James Moore 
Costas Synolakis 
Carter Wellford 

University of Washington  

Pedro Arduino 
Jeffrey Berman 
Paolo Calvi 
Marc Eberhard 
Michael Gomez 
Steve Kramer 

Dawn Lehman 
Laura Lowes 
Peter Mackenzie 
Brett Maurer 
Peter May 
Mike Motley 

Kamran Nemati 
Dorothy Reed 
Charles Roeder 
John Stanton 
Richard Wiebe 

University of Nevada, Reno  

Ian Buckle 
Ahmed Itani 
Ramin Motamed 

Mohamed Moutafa 
Gokhan Pekcan 
David Sanders 

Keri Ryan 
Saiid Saidii 
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6.6.2 Faculty Participants (Affiliate Institutions and Outside Organizations) 

Boston College John Ebel 

Brigham Young University Kyle Rollins 

California State University, Chico Curt Haselton 

California State University, Long 
Beach 

Lisa Star 
Vesna Terzic 

Florida International University Arindam Chowdhury 

Johns Hopkins University Judith Mitrani-Reiser (NIST) 

McMaster University Tracy Becker 
Dimitrios Konstantinidis 

Sacramento State University Benjamin Fell 

San Diego State University Steven Day 

San Jose State University Thalia Anagnos 
Kurt McMullin 

University at Buffalo-SUNY Michael Constantinou 
Andre Filiatrault 
Andrew Whittaker 

University of California, Santa Barbara Ralph Archuleta 
Jamison Steidl 

University of Central Florida Kevin Mackie 
Nicos Makris 

University of Florida Forrest Masters 
David Prevatt 

University of Hawaii, Manoa Ian Robertson 

University of Illinois Youssef Hashash 

University of Memphis Chris Cramer 
Shahram Pezeshk 

University of Texas at Austin Gregory Fenves 
Ellen Rathje 
Kenneth Stokoe 

Virginia Tech University Martin Chapman 
Adrian Rodriguez-Marek 

Western University, Canada Gail Atkinson 
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6.6.3 Industry Partners 

AECOM (formerly URS Corporation) Hong Kie Thio 

AMEC Foster Wheeler Brian Chiou 
Marshall Lew  
Robert Youngs 

Bechtel Alidad Hashemi 
James Marrone 
Farhang Ostadan 

California Dept. of Transportation Mark Mahan 
Tom Ostrom 
Tom Schantz 
Charles Sikorsky 

California High-Speed Rail Authority Kevin Thompson 

California Seismic Safety Commission Fred Turner 

Canterbury Earthquake Recovery 
Authority (CERA)  

Roger Sutton 

Forell/Elsesser Engineers Simin Nasseh 
Mason Walters 

Image Cat Bill Graf 

Mar Structural Design David Mar 

NIST Steve Cauffman 
Judith Mitrani-Reiser 

Pacific Engineering & Analysis Robert Darragh 
Walt Silva 

Rutherford + Chekene Bill Holmes 
Bret Lizundia 

Simpson Gumpertz & Heger Ron Hamburger 
Gayle S. Johnson 
Ron Mayes 

Skidmore, Owings & Merrill Peter Lee 
Mark Sarkisian 

Tipping Structural Engineers Leo Panian 
Steve Tipping 

U.S. Geological Survey Brad Aaagard 
Mehmet Celebi 
Dale Cox 

U.S. Resiliency Council Evan Reis 
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Dr. Mahin’s research focused on 
improving the understanding of seismic behavior 
of systems by integrating high-performance 
numerical and experimental simulation methods. 
He pioneered the development of hybrid 
simulation theories and methods that integrated 
large-scale physical tests with computer 
simulations, thereby enabling study of complete 
structural systems under realistic loading. 

He recognized the value of seismic 
isolation and protective systems, and conceived 
and developed these technologies with the goal 
of reducing costs and enhancing seismic performance. He was active in adapting supplemental 
viscous damping, added mass damping, and seismic isolation systems to the needs of actual 
building projects. 

Professor Mahin published hundreds of journal articles, papers, and reports, and the range 
of topics reflects the comprehensive and broad expanse of his research engagement. 

In 1983 he was awarded the ASCE Walter Huber Civil Engineering Research Prize for 
his practical application of rigorous theory to complex engineering problems. In 1987 he was 
awarded the Norman Medal by ASCE for his seminal work on the seismic behavior of offshore 
platforms, and in 2012 he was inducted into the ASCE/OTC Hall of Fame. His pioneering work 
on self-centering bridges earned him the FHWA James Cooper Best Paper Award in 2007. 

The American Institute of Steel Construction (AISC) honored him with its Special 
Educator Achievement Award in 2001 for leadership in improving steel structures subjected to 
earthquakes, and its Lifetime Achievement Award in 2013 for sustained contributions to the 
profession, industry, and academia. He was recognized for innovative research related to the 
seismic behavior of conventional and buckling restrained braced frames as well as moment-

frame structures. He served as program manager for the six-
year FEMA-sponsored SAC Steel Project that developed 
guidelines for the design of steel moment-frame structures 
following the 1994 Northridge earthquake. The SAC 
guidelines and supporting documents led directly to major 
changes to the AISC seismic design standards that are used 
in the United States and worldwide, and that will greatly 
improve the performance of steel buildings in future 
earthquakes. 

Dr. Mahin served as President of CUREe (1994–
1997), Vice-President of the Association for Steel-Concrete 
Composite Structures (1997–2000), and recently served as 
Vice President of the International Association for 
Experimental Structural Engineering. He served as a 
Director of the Structural Engineers Association of 
Northern California (SEAONC), and was awarded 
SEAONC’s Helmut Krawinkler Award (2017) for 
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outstanding leadership in implementing state-of-the-art research into structural engineering 
practice. The Northern California Chapter of the Earthquake Engineering Research Institute 
(EERI) recognized Steve as its 2017 Individual Awardee for Leadership, Innovation, and 
Outstanding Accomplishments in Earthquake Risk Reduction for decades of visionary work in 
engineering research and teaching. 

Dr. Mahin chaired the NEHRP Northridge Earthquake Engineering Research 
Coordination Program (1995–1997). He worked tirelessly on behalf of the US–Japan cooperative 
programs, opening the door for US participation in landmark experiments at Japan’s E-Defense 
facility, resulting in the NEES/E-Defense collaboration. He chaired the NSF US–Japan 
Cooperative Earthquake Research Program on Composite and Hybrid Structures (1995–1999), 
and NEES/E-Defense Collaborative Research Program since 2004. 

He had a deep interest and unique talent to interact and make friends with fellow 
researchers throughout the world. Many international research collaborations with Asia, 
including China, Japan, Korea, Singapore, and Taiwan, among others, were initiated and 
nurtured by his leadership. Over three decades he enlightened, guided, and led multiple phases of 
US–Japan research collaboration on earthquake engineering using large-scale test facilities 
operated by the two countries. 

Dr. Mahin was named a Master 
Academician (2014) by Tongji University of 
Shanghai, China. The title is given to the top 
100 professors internationally in all fields of 
the National Natural Science Foundation of 
China (NSFC). He was Director of ILEE–
International Joint Research Laboratory of 
Earthquake Engineering, located at Tongji 
University. 

Dr. Mahin was invited to give keynote addresses at several national and international 
conferences. Notable among his recent addresses was the opening keynote lecture at 16WCEE in 
Santiago, Chile (January 2017), on “Resilience by Design: A Structural Engineering 
Perspective.” The lecture reflected his unique perspective, which included disciplines beyond 
structural engineering. 

He delivered the opening keynote lecture at the Structural Engineering Frontiers 
Conference (SEFC17) at the Tokyo Institute of Technology on March 2017, on recent advances 
in the use of computer-enabled optimization to enhance the seismic performance of existing tall 
buildings using fluid viscous dampers. The conference brought together more than 200 academic 
and professional engineering experts from Japan and abroad to discuss emerging trends in 
structural engineering. 

Professor Mahin gave a keynote address at National Center for Research in Earthquake 
Engineering (NCREE) in Taiwan (August 2017), at the opening of their new earthquake 
simulation laboratory. Mahin discussed lessons from recent disastrous earthquakes, and their 
implications for research over the next several decades. He also highlighted recent work by his 
research group on hybrid simulation using large scale test machines and shaking tables, like 
those in the new NCREE laboratory. 
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Steve Mahin’s life includes many achievements, and the list would not be complete 
without mentioning his sons, Jeff and Colin, two fine men prominent in Steve’s life and heart, 
and of whom he was very proud. 

Professor Mahin was an engaging mentor of numerous students over his long career. His 
students recall that he taught them to see problems with ten solutions instead of one solution, to 
always think outside of the box, and to never shrink from sharing new and thought-provoking 
ideas. A meeting or casual encounter with Professor Mahin could generate ideas leading to 
decades of research. National and international travel to engage the broad earthquake community 
were a regular part of graduate student training with Professor Mahin. 

During his nearly 50-year career at 
Berkeley and with international activities, 
Professor Mahin taught, advised, and mentored 
generations of students, postdoctoral fellows, 
research associates and colleagues, and practicing 
engineers. His broad range of interests also 
engaged social scientists and stakeholders. His 
creative approach, collaborative spirit, and enthusiastic generosity in sharing his prolific ideas 
have inspired everyone who has spent time with him, and he will leave his mark on the 
profession for years to come.   
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Appendix A List of Sub-Award Projects (Prior 5 
Years)  
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Fund 
Source 

PI Institution Project Title 

    

TSRP Jose Andrade Cal Tech Micro-Inspired Continuum Modeling Using 
Virtual Experiments 

TSRP Brett Maurer University of 
Washington  

Towards Multi-Tier Modeling of Liquefaction 
Impacts on Transportation Infrastructure 

TSRP Pedro Arduino University of 
Washington  

Implementation and Validation of PM4Sand 
in OpenSees 

TSRP Keri Ryan University of 
Nevada, 
Reno 

Influence of Vertical Ground Shaking on 
Design of Bridges Isolated with Friction 
Pendulum Bearings 

TSRP Minjie Zhu Oregon State 
University 

Fluid–Structure Interaction and Python 
Scripting Capabilities in OpenSees 

TSRP Kenichi Soga UC Berkeley High-Performance Computing-Based 
Distributed Multi-Layered City-Scale 
Transportation Network Tool 

TSRP Jack Baker Stanford Modeling Bay Area Transportation Network 
Resilience 

TSRP Henry Burton UCLA Aftershock Seismic Vulnerability and Time-
Dependent Risk Assessment of Bridges 

TSRP Ahmed Elgamal UCSD A Systematic Computational Framework for 
Multi-Span Bridge PBEE Applications 

TSRP Erica Fischer OSU Post-Earthquake Fire Performance of 
Industrial Facilities 

TSRP Patrick Lynett USC Tsunami Debris: Simulating Hazard and 
Loads 

TSRP Amit Kanvinde UCD Dissipative Base Connections for Moment 
Frame Structures in Airports and Other 
Transportation Systems 

TSRP Gregory Deierlein Stanford UNR-Stanford Collaboration: Stanford - 
Accounting for Earthquake Duration in 
Performance-Based Evaluation and Design of 
Bridges 

TSRP David Sanders UNR Project Title: UNR-Stanford Collaboration: 
UNR - Accounting for Earthquake Duration 
in Performance-Based Evaluation and Design 
of Bridges 
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Fund 
Source 

PI Institution Project Title 

TSRP Anne Lemnitzer UCI Towards Next Generation P-Y Formulations - 
Part 2: Statistical Assessment of Uncertainties 
in Key Components of Soil Resistance 
Functions 

TSRP Ertugrul Taciroglu UCLA Development of a Database and a Toolbox for 
Regional Seismic Risk Assessment of 
California’s Highway Bridges 

TSRP Jonathan Bray UCB Liquefaction Triggering and Effects at Silty 
Soil Sites 

TSRP Steven L. Kramer UW Next Generation Liquefaction: Japan Data 
Collection  

TSRP Jonathan P. 
Stewart 

UCLA Next Generation Liquefaction: Japan Data 
Collection (Task #3k01-Tsrp, Year 2) 

TSRP Jose I. Restrepo UCSD Earthquake Resilient Bridge Columns 

TSRP Patrick Lynett USC Tsunami Design Guide Specifications for 
Bridges: Local Tsunami Hazard Assessment  

TSRP Harry Yeh Oregon State 
University 

Tsunami Engineering: Performance Based 
Tsunami Engineering 

TSRP Hong Kie Thio AECOM Tsunami Engineering: Performance Based 
Tsunami Engineering 

TSRP Anne Lemnitzer UCI Towards Next Generation P-Y Curves - Part 
1: Evaluation of the State of the Art and 
Identification of Recent Research 
Developments 

TSRP Vesna Terzic CSU Long 
Beach 

Recovery Model for Commercial Low-Rise 
Buildings 

TSRP Armen Der 
Kiureghian 

American 
University of 
Armenia 

Stochastic Modeling and Simulation of Near-
Fault Ground Motions for Use in PBEE 

TSRP Kamran M. Nemati UW How Water/Biner Ratio and Voids Affect The 
Performance of Hardened Concrete Subjected 
to Fire 

TSRP Sanjay Govindjee UCB Geometrically Exact Nonlinear Modeling of 
Multi-Storage Friction 

TSRP Tarek I. Zohdi UCB Swarm-Enabled Infrastructure-Mapping for 
Rapid Damage Assessment following 
Earthquakes 
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Fund 
Source 

PI Institution Project Title 

TSRP Claudia Ostertag UCB Conventional Testing and Hybrid Simulations 
of Environmentally Damaged Bridge 
Columns 

TSRP Steve Mahin UCB 3 Axis Testing of Four PEER Columns (Six 
Weeks Maximum Shaking Table Occupation 
and Testing Time) 

TSRP Steve Mahin UCB Bridge Column Testing  

TSRP Jonathan D. Bray UCB Liquefaction-Induced SFSI Damage Due To 
the 2010 Chile Earthquake 

TSRP Gregory Deierlein Stanford 
University 

Effects of Long-Duration Ground Motions on 
Structural Performance  

TSRP Jose L. Restrepo UCSD Advanced Precast Concrete Dual-Shell Steel 
Columns 

TSRP Joel P. Conte UCSD Probabilistic Performance-Based Optimal 
Seismic Design of Isolated Bridge Structures 

TSRP Claudia P. Ostertag  UCB Shaking Table Test of Pre-Cast Post-
Tensioned Hyfrc Bridge Column 

TSRP Kyle Rollins Brigham 
Young 
University  

Supplemental Field Testing of Pile Down 
Drag Due to Liquefaction 

TSRP  Steven L. Kramer UW Next Generation Liquefaction: Japan Data 
Collection  

TSRP 
(Tsunami) 

Hong Kie Thio URS 
Corporation  

Performance Based Tsunami Engineering 
Methodology (Tsunami Research Program) 

TSRP 
(Tsunami) 

Patrick Lynett USC Simulation Confidence in Tsunami-Driven 
Overland Flow (Tsunami Research Program) 

TSRP 
(Tsunami) 

Harry Yeh Oregon State 
University 

Performance Based Tsunami Engineering 
Methodology (Tsunami Research Program) 

TSRP John W. Wallace UCLA Shear-Flexure Interaction Modeling for 
Reinforced Concrete Structural Walls and 
Columns Under Cycling Loading 

TSRP Jack Baker Stanford 
University 

Ground Motions and Selection Tools for 
PEER Research Program 

TSRP Jonathan P. 
Stewart 

UCLA Next Generation Liquefaction: Japan Data 
Collection (Task #3K01-TSRP, Year 2) 

TSRP & 
Validus 

Vesna Terzic CSU Long 
Beach 

Towards Resilient Structures 
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Fund 
Source 

PI Institution Project Title 

TSRP Scott J. 
Brandenberg 

UCLA Influence of Kinematic SSI on Foundation 
Input Motions for Bridges on Deep 
Foundations 

TSRP Ross W. Boulanger UC Davis Mitigation of Ground Deformations in Soft 
Ground 

TSRP Jose I Restrepo UCSD Earthquake Resilient Bridge Columns 

TSRP Jonathan D. Bray UC Berkeley Next Generation Liquefaction: New Zealand 
Data Collection 

Lifelines Jonathan P. 
Stewart 

UCLA NGL: Next Generation Liquefaction Database 
Development and Implications for 
Engineering Models 

Lifelines Steven L Kramer UW NGL: Next Generation Liquefaction Database 
Development and Liquefaction Triggering 
Evaluation 

Lifelines Filip C. Filippou UCB PEER-Lifelines Proposal - Non Convergence 

Lifelines Sashi Kunnath UCD Caltrans-PEER Workshop on Characterizing 
Uncertainty in Bridge-Component Capacity 
Limit-States 

NC1T01 Steven Day UCSD Vertical-Component Basin Amplification 
Model 

NC2Q03 Jason DeJong UCD In-Situ Identification and Characterization of 
Intermediate Soils 

NC2S01 Jonathan P. 
Stewart 

UCLA In-Situ Identification and Characterization of 
Intermediate Soils 

NC2L01 Robert Bachman Cosmos Archiving and Web Dissemination of 
Geotechnical Data, Phase 4a: Production 
GVDC Using DIGGS Standard 

NC1E09 Robert Darragh Pacific 
Engineering 
and Analysis 

NGA Processing Update 2 

NC10A2 Hong Kie Thio URS 
Corporation  

Tsunami Hazard Analysis Phase2 

NC9K02 Farzin Zareian UCI Quantification of Variability in Performance 
Measures of Ordinary Bridges to Uncertainty 
in Seismic Loading Directionality and Its 
Implication  in Engineering Practice 
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Fund 
Source 

PI Institution Project Title 

NC10B1 Michael H. Scott Oregon State 
University 

Validation of OpenSees for Tsunami Effects 
on Bridge Superstructures 

NC9M01 Pedro Arduino UW Estimation of Shear Demands on Rock-
Socketed Drilled Shafts subjected to Lateral 
Loading 

NC4E01 Scott J. 
Brandenberg 

UCLA Evaluation of Collapse and Non-Collapse of 
Parallel Bridges Affected by Liquefaction and 
Lateral Spreading 

NC3J01 Steve Kramer UW Effects of Liquefaction on Surface Response 
Spectra 

NC2U01 Jonathan P. 
Stewart 

UCLA Guidelines for Performing Hazard-Consistent 
1-D Ground Response Analysis for Ground 
Motion Prediction 

NCBC01 Armen Der 
Kiureghian 

UCB Synthetic Near-Fault Ground Motion Arrays 
for PBEE Analysis 

NC9N01 Marios Panagiotou UCB Three Dimensional Seismic Demand Model 
for Bridge Piers Supported on Rocking 
Shallow Foundations 

NC3KL1 Jonathan P. 
Stewart 

UCLA Next Generation Liquefaction: Japan Data 
Collection 

NC2T01 Scott J. 
Brandenberg 

UCLA Influence of Kinematic SSI on Foundation 
Input Motions for Bridges on Deep 
Foundations 

DOE Robert R. Youngs AMEC 
Environment 
& 
Infrastructure 

NGA-East: SSHAC and TI Seismic Research 
Review 

NRC Walter J. Silva Pacific 
Engineering 
and Analysis 

NGA-East: GMPE Implementation 

NRC Robert R. Youngs AMEC 
Environment 
& 
Infrastructure 

NGA-East: SSHAC and TI Seismic Research 
Review 

DOE Walter J. Silva Pacific 
Engineering 
and Analysis 

Development of Vertical Amplification 
Factors 
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Fund 
Source 

PI Institution Project Title 

DOE Robert R. Youngs AMEC 
Environment 
& 
Infrastructure 

NGA-East: SSHAC, PPRP and TRC Seismic 
Research Review 

NRC Martin Chapman Virginia 
Tech 

NGA-East Path/Source Working Group Tasks 

DOE Martin Chapman  Virginia 
Polytechnic 
Institute and 
State 
University  

NGA-East Path Working Group Tasks 

NRC 
(24669) 

Thomas Jordan USC Support of the SCEC Broadband Platform for 
NGA-East Simulations 

DOE Youssef Hashash University of 
Illinois at 
Urbana-
Champaign 

Geotechnical Working Group Integration 
Project 

CEA Paul Somerville  URS 
Corporation  

Directivity Corrections for NGA-West 
GMPE's 

CEA Mark Petersen USGS PEER-USGS Collaboration on NGA-WEST 2 

CEA Stanford Stanford Directionality Model for NGA West 2 

CEA Jonathan P. 
Stewart 

UCLA  Further Development of Site Responses in 
NGA Models  

CEA Paul Spudich USGS Update of the Spudich and Chiou 2008 
Directivity Model for Improved Prediction 
and Directivity and Directionality  

CEA Robert R. Youngs AMEC 
Geomatrix 

GMPE Development and Assessment of 
Epistemic Uncertainty 

CEA Walter J. Silva Pacific 
Engineering 
and Analysis 

Update NGA-W Strong Motion Database and 
Develop Vertical Amplification Factors 

FM 
Global 

Walter J. Silva Pacific 
Engineering 
and Analysis 

NGA-Subduction Strong Ground Motion 

USDI Jonathan Stewart UCLA NGA-Subduction Analysis of Maule Chile 
and Tohoku Japan Ground Motion Data 
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Fund 
Source 

PI Institution Project Title 

TSRP Steven L. Kramer UW Next Generation Liquefaction: Japan Data 
Collection  

TSRP Jonathan P. 
Stewart 

UCLA Next Generation Liquefaction: Japan Data 
Collection (Task #3K01-TSRP, Year 2) 
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