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EXECUTIVE SUMMARY  

Overview 

Housing is typically the largest asset that most people have, particularly in developing countries. According 

to a World Bank study, in 2018, 1.2 billion people lived in substandard housing. By 2030, it is predicted 

that 60% of the world’s 8.5 billion population will live in urban areas (World Bank 2018) and that 3 billion 

people will need new housing. Given the rapid pace of urbanization and the massive demand for safe and 

functional housing, it is critical to address the resilience of residential buildings. 

In 2018, the World Bank initiated the Global Program for Resilient Housing (GPRH) to formalize global 

development approaches to providing safe, sustainable housing in regions that are prone to climate stress 

and to natural disasters. Experience has shown that it is more effective and less expensive to strengthen 

(retrofit) the existing housing stock and to construct robust buildings than it is to repair damaged buildings 

after a natural disaster. According to World Bank (2019a): 

The World Bank's lifelines report finds that the overall net benefit of investing in 

resilient infrastructure in developing countries amounts to $4.2 trillion over the lifetime 

of new infrastructure, with $4 benefit for each $1 invested. 

And  

… for every dollar invested in infrastructure strengthening beforehand, $10 can be 

saved in reconstruction efforts later.  

Accordingly, GPRH emphasizes such a mitigation approach. Critical elements of advocating for further 

investment in retrofits and in prioritizing improvements that are aimed at building structural resilience 

include compiling a series of relevant case studies, examining the various components (such as financial, 

legal, and enforcement) of each program, assessing the efficiencies of such programs, documenting the 

lessons learned, and assessing extrapolation to other localities. 

The objective of the project that this report describes is to perform a high-level review of a select number 

of resilient housing initiatives in the United States and in Japan. There is more emphasis on the examples 

from the United States compared to Japan because more data is available or the former. These programs 

focus on earthquake mitigation. Earthquake mitigation is critical for resilient housing for two reasons: (i) 

earthquakes have had devastating consequences worldwide, including loss of life, collapsed buildings, 

displaced inhabitants, and economic losses; and (ii) buildings that are designed to withstand earthquakes 

also will perform well when they are subjected to other natural hazards. These buildings perform well 

because the same design and detailing components that provide seismic resistance also provide safety 

against hazards such as wind. 

Summary  

Based on the review of existing programs in the United States and in Japan, the following are noted: 

• Because of the high rate of program compliance, the programs are considered successful. As a result, 

many dangerous residential buildings have been strengthened. 

• The programs were well planned. In the initial steps, the most vulnerable buildings were identified, and 

a methodology for how to retrofit those structures was developed and documented.  

• The programs set a time horizon that was manageable. In Japan, programs spanned over 10 or more 

years. In the United States, several of the programs followed a phased approach to address subsets of 

building types within specific, manageable time frames, subject to the city’s implementation capacity.  

• The programs took a balanced and integral approach in addressing the problem. Legal, financial, 

technical, and operational components were all included.  
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• A database of progress has been updated and maintained. This database is particularly important for 

renters, because they can easily access the city website to assess whether the building that they are 

considering as a rental is considered safe. 

Recommendations 

The material presented in this report focuses primarily on the practice in the United States and in Japan. 

The United States and Japan are both developed countries that have very high technical capacity, experience 

in seismic engineering, and a high level of quality control (QC) during construction. Therefore, although 

the building vulnerabilities could be similar to vulnerabilities in other countries, some of the solutions might 

not apply to those countries. For example, the United States and Japan both have a high threshold for 

material quality used in construction, and the material requires certification stating that it meets the 

minimum requirements of the applicable standards. This high threshold for QC is likely not the case in 

numerous countries. Accordingly, the following recommended considerations are a non-exhaustive list of 

key components of a successful program: 

• Material sampling and certification. The quality of construction materials, such as concrete, steel 

reinforcement, and timber, play a critical role in the overall performance of the building. Any material 

that is purchased for construction must have proper certification and documentation. QC can be 

facilitated by requiring the contractors to perform sampling and testing and to submit the test results to 

the design team for review.  

• Workforce development. There is usually a shortage of skilled construction workers despite the high 

demand. Successful training (apprenticeship) programs have been completed in some countries to help 

meet labor needs and to promote capacity building and can be used as examples. In Haiti, for example, 

local construction workers were trained on the basics of earthquake engineering and construction. 

Masons were flown to Haiti from the United States to perform field training. The trainees were then 

asked to perform construction exercises to ensure that they correctly understood the techniques. The 

graduates of the program have participated in the reconstruction of thousands of buildings. 

• Construction quality management. Contractors must have a quality management program in place. 

The construction project manager or a representative serves as the QC manager, who has several 

responsibilities, including: (i) being familiar with the project plan and specifications and preparing the 

QC program; (ii) verifying the material quality; (iii) ensuring that the workforce is adequately trained 

for the project; (iv) maintaining records of inspections or construction work; and (v) working closely 

with owner representatives and client quality-assurance members. 

• Regulation. A successful seismic strengthening and reconstruction program requires a strong 

regulatory framework, including: (i) a legal mandate for enforcement of regulatory provisions; (ii) a 

permit application procedure; (iii) an inspection program that is developed and undertaken by user 

representatives; and (iv) enforcement to  ensure compliance with the building plans and specifications. 

Examples of successful application of these recommendations outside of the United States and Japan 

include the provisions that were developed by the Hong Kong Housing Authority (HA) and by the 

Singapore Building and Construction Authority (BCA).  

HA has adopted a preferential contract award system in which better-performing contractors are rewarded. 

HA evaluates both the tender price and the performance potential. HA evaluates tenders by calculating the 

score of each fully capable tender and then selecting the one with the highest score. The following formula 

is used (HA 2019): 

60 ∗
𝐿𝑜𝑤𝑒𝑠𝑡 𝑝𝑟𝑖𝑐𝑒 𝑎𝑚𝑜𝑛𝑔 𝑡𝑒𝑛𝑑𝑒𝑟𝑠

𝑇𝑒𝑛𝑑𝑒𝑟 𝑝𝑟𝑖𝑐𝑒
+ 40 ∗

𝑇𝑒𝑛𝑑𝑒𝑟 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒

𝐻𝑖𝑔ℎ𝑒𝑠𝑡 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑡𝑒𝑛𝑑𝑒𝑟𝑠
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The BCA has developed a detailed assessment system (BCA 2019) that inspects and documents factors 

such as structural work, concrete and reinforcement quality, material certification, and overall quality of 

work. At the completion of a project, the contractor is assigned a score that is based on this assessment of 

the contractor’s work. This score is available to the public, and it provides bidding preference for contractors 

who have previous high scores (BCA 2019). 

Implementation 

The following steps are recommended for implementation of a successful program, including  

• Implement a prioritization program for the most vulnerable buildings. There are several ways to 

perform such a task. For example, Gilani and Miyamoto (2018) conducted field surveys and 

probabilistic simulations to prioritize the school buildings in Metro Manila. In total, over 3,800 

structures, with a student or staff occupancy of approximately 2.1 million, were included in the analysis. 

The 100 most dangerous buildings, causing 18% of fatalities, were identified for seismic retrofitting, at 

a cost of US$25 million to US$50 million.  

New technologies, such as digital (for example, satellite, or LIDAR) imaging and machine learning, 

have the potential to be used for this task to identify vulnerable buildings. For example, Takhirov et al. 

(2019) used laser scans to assess the seismic vulnerability of and the potential retrofits for heritage 

buildings. This work was performed in Uzbekistan but can be extrapolated to other developing 

countries and be expanded beyond historic buildings. Lazar et al. (2019) used Google Street View and 

deep learning to identify the gentrification patterns in Ottawa, Canada, and identified changes in 

residential construction.  

Vulnerable buildings can be prioritized based on a combination of factors that include specific building 

types with a high risk of collapse (such as soft-story buildings), availability of low-cost retrofit solutions 

to mitigate specific structural vulnerabilities, and location. Regarding the latter, in California, United 

States, for instance, buildings in higher-seismic-hazard areas (ZIP codes) were prioritized. In Tokyo, 

Japan, buildings that are alongside major transportation lines were prioritized.  

• Provide a forum for the exchange of ideas between the various stakeholders in a municipality and 

between municipal leaders from different cities. Stakeholders include building department officials, 

building owners, tenants, engineers and builders, and lenders.  

• Develop a methodology for creating a pilot project in a vulnerable city. This task entails preparing 

a project management platform with a qualified project manager who has experience in leading similar 

large-scale efforts and working across a diverse group of stakeholders. This step involves project 

development, including all key components, such as regulations, financing, engineering, and outreach.  

• Implement a small-scale pilot project for a district in a city that is based on the developed 

methodology. Use this pilot project as a test case to refine the program for a more general application. 

The success of such a program will help immensely to obtain buy-in from various stakeholders, to 

ensure that the program is transparent, and to encourage participation by incorporating suggestions for 

improvements. 

Following are additional benefits from successful housing retrofit programs in developing countries:   

• Planning and strengthening of institutional and regulatory capacity. Certain building types are 

especially vulnerable to seismic risk, but simple, cost-effective retrofit solutions can substantially 

reduce their risk of collapse. Like the Earthquake Brace + Bolt (EBB) program in California, easy-to-

implement retrofit guidelines, and standardized plans can be developed to facilitate the design, review, 

and implementation process. With nominal training, local laborers can implement these solutions.  

Housing retrofit programs that are accompanied by capacity-building activities targeted at government 

staff and stakeholders—including engineers, architects, masons, contractors, and building inspectors, 
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in both the formal and the informal construction sector—can strengthen the regulatory capacity and 

overall construction practices in the target area. The World Bank–initiated retrofit program in Istanbul, 

the Istanbul Seismic Risk Mitigation and Emergency Preparedness Project (ISMEP), supported the 

upgrade of engineering and construction skills in Istanbul. As a result, it has been observed that overall 

construction practices in Istanbul have improved.1 Furthermore, Turkish engineering and construction 

companies that participated in the program are now providing their seismic retrofitting expertise to 

other developing countries.    

• Increased public awareness of disaster risks and information dissemination. A lack of 

understanding about disaster risks and a lack of knowledge about safe construction are the primary 

reasons for the inaction on mitigation. Targeted communication campaigns that are initiated as part of 

housing retrofit programs can increase community disaster awareness and thus help mitigate against 

compounding these risks. These programs can also be effective in informal housing settlements, where 

training on simple retrofit methods that apply to affordable housing can teach the difference between 

unsafe and safer construction. Earthquake-safe construction practices are not necessarily more 

expensive than unsafe practices; they relate to the applied construction techniques, such as how to 

properly implement column reinforcement details.  

  

 

1 Miyamoto has been working in Turkey since the start of the ISMEP program and is still active in Istanbul. Miyamoto 

has witnessed positive changes in earthquake engineering and in construction practices in the locality.  
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HUD U.S. Department of Housing and Urban 

Development 

https://www.hud.gov 

ICBO International Conference of Building Officials N/A 

ICC International Code Council https://www.iccsafe.org/ 

IEG Independent Evaluation Group ieg.worldbankgroup.org/ 

https://www.abag.ca.gov/
https://apnews.com/
https://www.apawood.org/
https://www.asce.org/
https://www.atcouncil.org/
https://www.bca.gov.sg/
http://www.bnpb.go.id/
https://www.bsn.go.id/
https://www.treasurer.ca.gov/cpcfa/calcap/
https://www.caloes.ca.gov/
https://sfgov.org/esip/capss
https://www.dgs.ca.gov/BSC
https://www.earthquakeauthority.com/
https://www.cen.eu/
https://www.cfe-dmha.org/
https://www.treasurer.ca.gov/cpcfa/
https://www.californiaresidentialmitigationprogram.com/
https://www.californiaresidentialmitigationprogram.com/
https://www.curee.org/
https://sfdbi.org/
https://www.earthquakebracebolt.com/
https://earthobservatory.sg/
https://sfgov.org/esip/earthquake-safety-implementation-committee
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https://sfgov.org/esip/
https://www.fema.gov/
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https://d.docs.live.net/0c7f80a8e66708c0/Documents/Miyamoto/WB%20Resilient%20Housing/Revision/ieg.worldbankgroup.org/
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INN Instituto Nacional de Normalización https://www.inn.cl/ 

IPCU Istanbul Project Coordination Unit https://www.ipkb.gov.tr/en/ 

ISMEP Istanbul Seismic Risk Mitigation and Emergency 

Preparedness Project 

https://ieg.worldbankgroup.org/sites/default/file

s/Data/reports/ppar_turkeyseismic.pdf 

ISO Insurance Service Office https://www.verisk.com/insurance/brands/iso/  

JBDPA Japan Building Disaster Prevention Association N/A 

JBPHH Joint Base Pearl Harbor–Hickam https://www.cnic.navy.mil/regions/cnrh/installa

tions/jb_pearl_harbor_hickam.html  

JRC Joint Research Centre 

European Commission 

https://ec.europa.eu 

MES Federation of Myanmar Engineering Societies https://www.mes.org.mm 

MINVU Ministerio de Vivienda y Urbanismo https://www.minvu.cl/ 

MRP Mandatory Retrofit Program https://sfgov.org/esip/soft-story 

MSSP Mandatory Soft Story Retrofit Program https://sfdbi.org/softstory 

NEHRP National Earthquake Hazards Reduction Program https://www.nehrp.gov/ 

NIBS National Institute of Building Sciences https://www.nibs.org 

NIST National Institute of Standards and Technology https://www.nist.gov/ 

NOAA National Oceanic and Atmospheric 

Administration 

https://www.noaa.gov 

NZSEE New Zealand Society for Earthquake Engineering https://www.nzsee.org.nz 

OSHPD Office of Statewide Health Planning and 

Development 

https://oshpd.ca.gov/ 

PACE 

financing 

Property Assessed Clean Energy financing https://www.energy.gov/eere/slsc/property-

assessed-clean-energy-programs 

PEER Pacific Earthquake Engineering Research Center https://peer.berkeley.edu/ 

PLOS Public Library of Science https://www.plos.org 

PPIC Public Policy Institute of California https://www.ppic.org/ 

SSC Seismic Safety Commission https://ssc.ca.gov 

TDLC World Bank Tokyo Development Learning 

Center 

https://www.worldbank.org/en/programs/tokyo

-development-learning-center 

TMG Tokyo Metropolitan Government www.metro.tokyo.jp/english 

UC Hastings University of California, Hastings https://www.uchastings.edu/ 

U.S. DOE U.S. Department of Energy https://www.energy.gov 

USGS U.S. Geological Survey https://www.usgs.gov/ 

WJE Wiss, Janney, Elstner Associates, Inc. https://www.wje.com/ 

https://www.inn.cl/
https://www.ipkb.gov.tr/en/
https://ieg.worldbankgroup.org/sites/default/files/Data/reports/ppar_turkeyseismic.pdf
https://ieg.worldbankgroup.org/sites/default/files/Data/reports/ppar_turkeyseismic.pdf
https://www.verisk.com/insurance/brands/iso/
https://www.cnic.navy.mil/regions/cnrh/installations/jb_pearl_harbor_hickam.html
https://www.cnic.navy.mil/regions/cnrh/installations/jb_pearl_harbor_hickam.html
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 xiv   

ACRONYMS AND NOTATIONS  

 

 

 

 

 

 

 

 

 

 

 

 

AB Assembly Bill   

BCEGS Building Code Effectiveness Grading Schedule  

BNBC Bangladesh National Building Code  

BRV Building Replacement Value  

CBC California Building Code  

CEBC California Existing Building Code  

CFC Certificate of Final Completion  

CPACE Property-assessed clean energy  

CRC California Residential Code  

Hazus-MH Hazards U.S. Multi-Hazard  

IBC International Building Code  

IEBC International Existing Building Code  

IRC International Residential Code  

Iw  Superstructure score for wooden house in Japan  

Is Superstructure score for concrete/steel building in Japan  

MMI Modified Mercalli Intensity  

MNBC Myanmar National Building Code  

Mw Moment magnitude  

NOV Notice of Violation  

OSB Oriented strand board   

POC Point of contact  

PUL Project Useful Life  

QC Quality control  

SOW Scope of work  

SWOF Soft, weak, or open front  

TEC  Turkish Earthquake Code  

UBC Uniform Building Code  

URM Unreinforced masonry  
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DEFINITIONS  

  

225-year 

earthquake event 

An earthquake with a return period of 225 years (probability of 20% in 50 years). 

Anchor bolt A fastener that is used to connect a building component to a concrete surface. 

Cripple wall Short wood walls that are used to enclose the crawl space under the bottom floor of a 

building. The crawl space is provided to allow access to utilities, and the cripple wall is 

used to support the bottom floor and to allow such an opening. 

Cantilever column A column not supported by a beam or frame at the top. 

Design life [of a 

building] 

Buildings are typically designed to be useful, or in-service, for 50 to 75 years; this is 

referred to as the deign life. 

Drift The difference in motion of a building between two different floors. 

Ductility The capacity of a structural member to absorb the energy of an earthquake. 

Lateral stiffness The property of a structural member or a structure that relates to the magnitude of force 

that is needed to cause one unit of displacement (movement). 

Liquefaction  

Load takeoff A calculation process in which the total weight of a structure is computed by combining 

the weight of individual members. 

Modified Mercalli 

Intensity (MMI) 

scale 

An earthquake-intensity scale that measures the intensity of shaking at a site based on 

the impact of the earthquake at that location. 

Moment and/or 

moment frame 

A structural configuration in which a system of vertical columns and horizontal beams 

is used to resist earthquake forces. 

Nonductile 

concrete building 

A building, typically built before 1980, for which the concrete reinforcement does not 

have ductile detailing and thus cannot absorb earthquake energy. 

Return period The average time between which earthquakes of a similar intensity occur. 

Seismic base shear The amount of force that can be expected to be generated from an earthquake. 

Seismic demand The demand on structural members as a result of seismic forces (generated by the 

building mass). 

Seismic mass The total mass (weight) of the building contributing to the development of seismic 

force. 

Seismic retrofit Structural intervention that is intended to improve the performance of a building that is 

subject to earthquakes. 

Shear walls A structural configuration in which a system of walls is used to resist earthquake forces. 

Soft-story 

building 

A structure for which the ground (first) level has less stiffness than the floors above. 

This condition occurs when the bottom story has an open floor plan for parking or for 

small retail stores. 

Strength reduction 

factor 

A reduction factor that is applied to the capacity of a structural member to account for 

variations in its expected material properties. 

Superstructure The portion of a building located above ground. 

  

  



 

 

 

1. INTRODUCTION 

1.1 Problem statement 

Earthquakes result in significant human and financial losses. For example, the urban 1994 Northridge (Los 

Angeles area) Earthquake caused more than US$10 billion (2019 value) in damage. In peri-urban and rural 

areas of Indonesia, the recent 2018 Sulawesi Earthquake and tsunami caused more than 4,000 fatalities, 

displaced hundreds of thousands of people, and cost more than US$970 million (13.82 trillion rupiah) in 

financial losses (BNPB 2018). Most of the structural damage from both earthquakes was concentrated in 

the residential sector. This observation is common. For example, surveys in the aftermath of the 2010 Haiti 

Earthquake showed that nearly 50% of residential buildings had sustained moderate damage to complete 

collapse, but the corresponding damage level for commercial buildings was approximately 35% (Miyamoto 

et al. 2011). In the aftermath of the 2017 earthquake in Mexico, the authors visited Mexico City and 

documented the damage to the buildings. Figure 1 shows an example of damage to a multiunit residential 

building as a result of the 2017 earthquake. Note that the bottom story of the residential building collapsed 

because it was a soft (weak) story. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Before and after the 2017 earthquake, Mexico City apartment building, September 26, 2019 
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The adverse impacts of earthquakes are often long-standing. As a result, after an earthquake, it takes years 

for communities to recover, and at a substantial cost. For example, in 2018, eight years after the 2010 Haiti 

Earthquake, much recovery progress had been made. However, at the time of this writing, thousands of 

people are still living in temporary homes, with the tents replaced by cinder-block houses in some of the 

displaced persons camps; millions of people do not have access to clean water (AP 2018); and economic 

growth has been slow after an initial uptick in the aftermath of earthquake, as Figure 2 shows (World Bank 

2019a). 

 
 Annual GDP growth rate for Haiti (World Bank 2019a) 

Residential units have been especially susceptible to damage from earthquakes. For example, the 2005 

Kashmir Earthquake resulted in over 80,000 fatalities and displaced more than 3 million people (EOS 

2016), and the 2011 Mw 8.8 Maule Earthquake in Chile damaged 370,000 housing units. The Chilean 

government undertook a reconstruction program for 222,000 units that were targeted for government 

assistance, including the rebuilding of 113,000 homes and repair of 109,000 units for families as part of the 

US$2.5 billion national housing reconstruction plan, which was passed through special legislation and is 

financed in part by business taxes (Comerio 2013). 

The National Reconstruction Plan (MINVU 2010) identified three areas of action: 

• Housing: Plan for private reconstruction 

• Neighborhood: Social and emergency housing 

• Urban: Urban and heritage reconstruction 

The plan had several objectives, including quick and better reconstruction, protection of cultural heritage, 

and mitigation of hazards. Since 2010, Chile has made investments in resilient construction and in an early 

warning system, which has greatly reduced the impact of more recent earthquakes, such as the Mw 8.2 

event in 2014 (CFE-DM 2017). 

The seismic vulnerability of residential buildings depends on three independent variables: (i) the hazard 

profile of the site, (ii) exposure to the risk, and (iii) the seismic properties of the buildings (fragility). The 

seismic hazard for a site cannot be changed, but the exposure can be reduced by zoning and laws that limit 

construction in the most vulnerable areas, or, alternatively, buildings can be constructed better or retrofitted 

to withstand the seismic forces. In some cases, large-scale relocation might be feasible, as was the case after 

the 2018 tsunami in Palu, Indonesia.  
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However, in many cases, such an approach might not be economically or socially feasible. In such cases, 

the most effective method of reducing the seismic vulnerability is through improvements in the seismic 

fragility of buildings. Building performance can be improved through vulnerability mitigation (retrofitting). 

This approach is effective when a sound engineering solution is developed and when a robust construction 

quality management process is implemented to ensure that the retrofit helps preserve life safety. This 

approach has been successfully implemented in various countries. Improvements in the seismic fragility of 

buildings by using this approach is the focus of this report. 

Regarding this report and based on the engineering experience and judgment of the authors, the following 

should be noted: 

• The report focuses on residential buildings. Both single-family and multifamily dwellings are 

discussed. In general, in past earthquakes, residential buildings have performed worse and have 

experienced more damage than public or commercial buildings have. 

• The project scope is limited to an assessment of seismic retrofit approaches. However, buildings that 

have proper seismic design and detailing also perform well when they are subjected to other natural 

hazards, such as hurricanes. These buildings perform well because many of the detailing components 

that are beneficial to seismic performance (for example, positive attachment of walls to roofs, floors, 

and the foundation; larger concrete members) also help the building withstand lateral forces from wind 

pressure. 

• The report provides a high-level review of successful seismic retrofit programs. However, in-depth 

analysis and evaluation of these programs are not included. 

• The review of past successful programs is limited to case studies in Japan and in California, United 

States. The two case studies were selected for the following reasons: (i) both regions have had 

significant earthquakes in the past,2 and they provide substantial evidence in the field of seismic retrofit 

and development of working methodologies; and (ii) although the sites are in developed countries, the 

vulnerable structural types that are addressed as part of the programs are similar to the structural types 

in developing countries. 

1.2 Organization of the report 

Chapter 1 includes an introduction to the study. Chapter 2 presents an overview of resilient housing best 

practices and provides a brief discussion on some global practices. Chapter 3 discusses vulnerable buildings 

and a methodology to reduce such vulnerability and discusses the components of a successful program. 

Chapter 4 and Chapter 5 summarize the results of the literature reviews and interviews that relate to 

examples of residential seismic retrofit programs in California and in Japan. This summary is followed by 

conclusions and recommendations in Chapter 6 and by a list of references in Chapter 7. A copy of the final 

project’s PowerPoint presentation as it was given to the World Bank in 2019 is provided in Appendix A. 

  

 

2 According to NOAA (2019), notable earthquakes in the past 50 years include those in Japan and the United States. 

In Japan, the 1995 Kobe Earthquake caused 5,500 deaths and the 1993 Hokkaidō Earthquake resulted in over 200 

fatalities. In California, United States, the 1989 Loma Prieta (San Francisco Bay Area) and the 1994 Northridge (Los 

Angeles area) Earthquakes caused more than 60 casualties and over US$40 billion (2019 value) in damage.  
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2. RESILIENT HOUSING BEST PRACTICES  

2.1 Overview 

In the past two decades, natural disasters have affected millions of people, including displacement of a large 

portion of a population due to damage to the built environment and to housing. For example: 

• Hurricane Dorian in 2019 resulted in the loss of 90% of the housing on the Abaco Islands, and estimates 

of damage to housing in the Bahamas are between 76% and 100% (Mercy Corps 2019). 

• The 2018 Camp Fire in Northern California burned more than 14,000 houses (California Department 

of Insurance 2018), and over 50,000 people had to be evacuated and live in temporary housing or tents. 

California passed a 2008 version of the building code for regions that are prone to fire. The code 

requires fire-resistant roofs and other mitigations to protect against wildfire (CBSC 2019). It is 

informative to note that of the buildings that were constructed before 2008, 82% were damaged or 

destroyed; by contrast, houses that were built after 2008 had a damage rate of 49%. 

• The 2010 earthquake in Port-au-Prince, Haiti, resulted in millions of people losing their houses and 

having to live in temporary shelters for months. A survey of approximately 400,000 residential houses 

showed that nearly 50% of the residential building stock was damaged (Miyamoto et al. 2011). Two of 

the same authors noted that a similar earthquake in Northern Haiti could result in the collapse of 25,000 

houses, displacing over 350,000 people (Kalinski et al. 2015). 

• Flooding in the aftermath of Hurricane Katrina in 2005 displaced more than 1 million people in the 

U.S. Gulf region and damaged more than 1 million houses (HUD 2006). 

As we have seen, residential buildings are vulnerable to damage from natural hazards. This damage has 

reverberating consequences. Direct damage is the human loss and economic hardship. The indirect cost to 

the community and to the local economy is the loss of economic production in the workforce as economic 

activity slows to allow survivors to care for the injured, to repair damaged houses, or to look for new places 

to live. The consequences are exacerbated by the rapid urbanization worldwide that has resulted in many 

millions of people living in substandard housing. 

Although it is not possible to build a house that is completely earthquake-proof, construction of earthquake-

resistant housing is both technically and economically feasible. This earthquake resistance is the objective 

of the World Bank Group’s Global Program for Resilient Housing (GPRH). Such a program has several 

components: energy efficiency, socioeconomic considerations, community development, impact on 

climate, and structural, to name a few. The latter component is discussed briefly here and is the subject of 

the remainder of this report. 

2.2 Resilient construction 

For new construction, several steps can be taken to increase the natural-hazard resistance of housing, 

including the following: 

• Regulatory mandates, including development, adoption, and reinforcement of a robust building code. 

• Zoning to ensure that houses are not built in the most hazard-prone zone, for which mitigation is cost-

prohibitive. 

• Robust permitting and construction inspection processes, including final sign-off for an occupant 

certificate or a similar document before services such as utilities are provided. 

• Skill development of engineers, contractors, construction workers, and inspectors. 

• A mechanism such as fees, taxation, or insurance to maintain a self-sustaining program and to provide 

incentives for compliance and measures for lack of compliance. 
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For existing construction, several steps can be taken to increase the natural-hazard resistance of existing 

housing, including the following: 

• Develop a uniform retrofitting standard. 

• Select a hazard level. This level must be high enough to preserve life but low enough to encourage 

retrofitting. 

• Categorize buildings according to their vulnerability. For example, past earthquakes, university 

research, and computer simulation have all shown that certain classes of buildings and detailing are 

hazardous. This vulnerability must be identified as the first priority for any program. 

• Implement a regulatory mandate, including development, adoption, and reinforcement of ordinances, 

that requires the most dangerous buildings to be either upgraded or demolished. 

• Relocate citizens from zones that cannot be economically rebuilt.  

• Survey the existing building stock to identify the number and location of the identified dangerous 

buildings. 

• Train local engineers and city officials in the key concepts of seismic retrofitting. 

• Offer a financing mechanism to encourage retrofitting. 

2.3 Current state of resilient construction and seismic retrofitting 

2.3.1 United States 

In the United States, individual cities have developed local building codes in the aftermath of their own 

natural disasters, such as the 1871 fire in Chicago or the 1906 earthquake in San Francisco. In the early 

1900s, the National Board of Fire Underwriters,3 an insurance group, created a model code to minimize 

risks to property and to building occupants. This effort was followed by the creation of the Building 

Officials and Code Administrators International in 1915. This organization published the first model 

building code shortly thereafter, based on the code that had been developed by the insurance group 

(Rossberg and Leon 2013). To quantify compliance, ISO (2019) proposed a quantitative metric, the 

Building Code Effectiveness Grading Schedule (BCEGS), which is based on several categories, including: 

• Administration: adoption of the building code, qualification of building officials, zoning and land-use 

provisions, quality-assurance program, and contractor licensing 

• Plan review: plan-review staffing and qualification, use of design professionals 

• Field inspection: field inspections, inspection checklists, and certificate of occupancy 

BCEGS was then classified from 1 to 10 for each state based on the aggregated score of the categories that 

was computed for various localities in each state, with lower numbers indicating better compliance. Among 

the states, California ranked highest (best), obtaining a score of 80 for both commercial and residential 

construction. Florida, Oregon, and Utah also ranked high with an average score of 75 for residential 

construction. It is instructive to note that these states are all subject to natural hazards such as earthquakes, 

hurricanes, or tsunamis. 

The National Earthquake Hazards Reduction Program (NEHRP) was established by the U.S. Congress in 

1977 to reduce human and financial losses in future earthquakes. At the time, it was recognized that losses 

can be reduced by better design and construction, land use, and education, among other factors. In 1984, a 

program was initiated to address the vulnerability of unsafe existing buildings. This program led to the 

effort to develop a standard for seismic assessment and retrofit of unsafe buildings and resulted in the 

 

3 This organization later became the American Insurance Association. 
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publication of FEMA 273 in 1997 (FEMA 1997). Revisions and updates to this retrofitting standard are 

now maintained by the American Society of Civil Engineers (ASCE) and form the base standard for seismic 

retrofitting in the United States.  

Unlike new construction, for which compliance is mandatory, the need for existing construction to comply 

with retrofitting standards depends on the application and the jurisdiction. For example, in California, 

buildings that undergo occupancy change, are converted for use by the state government, or undergo 

alterations that affect their mass or structural system beyond a certain limit automatically trigger seismic 

evaluation and possible retrofit. In addition, as indicated in this report, many jurisdictions have developed 

mandatory seismic retrofitting programs to help strengthen the most hazardous buildings. The result has 

been a reduction in the number of dangerous buildings and an improvement in residential and community 

resiliency. 

2.3.2 Japan 

The first seismic design code for buildings in Japan was officially established in 1924, directly following 

the 1923 Great Kanto earthquake. The code has been improved and revised periodically, reflecting the latest 

research on earthquake and structural engineering and seismic damage phenomena. The code revision in 

1981 was an important milestone in the history of Japanese seismic design. Several of the fundamental 

concepts of structural design that are outlined in the 1981 edition are still used today, and the decrease in 

damage from several earthquakes since 1981 has demonstrated the effectiveness of this edition. Therefore, 

1981 is the typical building-year threshold in Japan to determine whether any seismic strengthening is 

needed to meet the minimum seismic performance to help ensure only a limited amount of damage post-

earthquake.  

In contrast with the design code for new buildings, a law on seismic retrofit facilitation was officially 

enacted in 1995 after the 1995 Great Hanshin-Awaji Earthquake, also known as the Kobe Earthquake, 

although several retrofit guidelines had already been published by engineering organizations. After the 

enactment of the seismic retrofit facilitation law, the national government established the basic concept of 

seismic strengthening to mitigate the impact of earthquakes in Japan, and then regional governments 

adapted the concept and adjusted detailed elements to fit their regions and municipalities.  

The first prioritized buildings were essential, public, and assembly buildings such as government offices, 

schools, and hospitals, and hotels and other buildings with high occupancy. Housing and other types of 

buildings were also included, depending on regional government direction. Typical methodologies of 

condition assessment and seismic strengthening (for example, JBDPA 2006) were introduced, in addition 

to subsidy systems and minimum requirements in each retrofit program by the regional government.  

Public outreach programs, financial support, engineering clues, and target achievements within a specific 

timeline seem to motivate both building owners and officers to facilitate the seismic retrofit of buildings; 

therefore, the seismic retrofit rate of buildings and housing is continuously rising in Japan. 

2.3.3 Other countries 

Other countries are also making efforts to promote and to facilitate seismic strengthening of their own 

building stock. For example: 

• In New Zealand, a modern seismic code (NZSEE 2004) has been in use for new construction. However, 

before the 2011 Christchurch Earthquake, the country did not have a robust seismic retrofitting 

standard. This standard has been recently updated and is reflected in NZSEE (2016). After the 2011 

earthquake, many hazardous unreinforced masonry (URM) buildings in the city were demolished, and 

some seismic retrofitting has been under way in Christchurch and in Wellington. 

• In Chile, a modern seismic code has been in use, NCh 433 (INN 1996), and has resulted in a significant 

reduction in losses during recent large earthquakes. Revisions were implemented after the 2010 

earthquake. Similarly, Peru (Ministry of Housing 1997) uses a modern seismic code for new 
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construction, in part based on the U.S. standard. For seismic retrofitting in Peru, the U.S. standard is 

typically used. 

• In Europe, Eurocode 8 (CEN 2004) is used for design and construction and includes provisions for the 

seismic design of buildings. The compliance with the code varies for member countries. All members, 

except Germany and Spain, have published close to 100% of the code. JRC (2015) provides information 

on the implementation status within member countries. For example, most of the Eurocode is 

mandatory for structural design and there are no restrictions to the use of Eurocodes. 

• In Turkey, the building code for seismic design of new buildings has provisions that are similar to the 

U.S. code (MPWS 2007). As part of the Istanbul Seismic Risk Mitigation and Emergency Preparedness 

Project (ISMEP), a seismic retrofitting standard was developed (IPCU 2007). The standard is based on 

the seismic retrofitting practice in the United States but uses the ground-motion characteristics for 

Turkey. A large number of public buildings have been retrofitted based on the guidelines. 

• In several Southeast Asian countries, such as Indonesia (BSN 2012), Myanmar (MES 2016), and 

Bangladesh (HBRI 2015), building codes for new construction have been developed based on the U.S. 

code. The need to comply with code provisions, the plan check, and the inspection process are in various 

stages of development and implementation. For example, in both Myanmar and Bangladesh, high-rise 

buildings (typically 10 or more stories) receive more detailed plan review and construction inspection, 

and for low-rise residential buildings, code compliance is not mandatory. 

• Seismic retrofitting standards in some countries, such as Peru, Myanmar, the Philippines, Indonesia, 

and Mongolia, are under consideration. Note that these standards refer to retrofitting requirements of 

existing buildings and differ from building codes, which are only intended for new buildings.  

• In Nepal and Haiti, in the aftermath of the 2015 and 2010 earthquakes, respectively, classroom and 

field training for engineers and contractors has been completed, and several buildings have been 

retrofitted based on U.S. standards. 
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3. COST-BENEFIT ANALYSIS AND COMPONENTS OF SUCCESSFUL PROGRAMS 

3.1 Overview 

Throughout the world, many residential buildings have been constructed without consideration of the 

seismic provisions of modern building codes. For many older buildings in various countries, construction 

predates the adoption of modern codes; thus, no seismic provisions have been included. For more recent 

buildings, factors such as lack of awareness, lack of code enforcement, or financial limitations have 

contributed to substandard construction. Many vulnerable residential buildings fall into one of the following 

categories; see Figure 3 (PEER 2019): 

• Structural systems with low ductility (capacity to absorb seismic energy): Examples include 

unreinforced masonry (URM), nonductile concrete, adobe, and improperly designed confined masonry. 

• Irregular structural systems (inhibited uniform distribution of earthquake forces): Examples include 

buildings with soft or weak stories (typically at the ground-floor level) and captive columns because of 

partial-height infill walls. 

  
URM (1985 Chile) 

 

Nonductile concrete (1991 Costa Rica) 

 

  
Soft story (1999 Turkey) 

 

Captive column (1999 Taiwan) 

 

 Earthquake damage to vulnerable residential building types (PEER 2019) 

A soft-story building irregularity is common because in many structures, the first (ground) level—used 

frequently as either parking or small shops—has a more open floor plan; therefore, some of the upper-story 

walls or columns terminate just above this level. Research has shown that buildings with soft stories are 

dangerous and have a higher probability of collapse than regular buildings do (Bahmani et al. 2015).  
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Most of the seismic retrofit programs that are discussed in this report focus on the vulnerable building types 

that are described in this section. Several seismic retrofit techniques have been developed. The reader is 

referred to FEMA (2006), which provides a comprehensive catalog of retrofitting techniques for various 

building construction, not limited to residential buildings. For residential buildings with soft-story seismic 

vulnerability, FEMA (2012) provides detailed methodology and mitigation techniques. The cost that is 

associated with retrofitting depends on the location and the level of strengthening that is needed. As a first 

step, professional engineers should be contacted to perform a survey (assessment) of the buildings to 

determine what vulnerability mitigation measures are necessary. 

3.2 Cost-benefit analysis for seismic resiliency 

3.2.1 Overview 

Seismically resilient construction is cost-effective. The consequences (costs) that are associated with 

earthquakes include fatalities; injuries; structural losses; repair costs; and indirect losses, such as loss of 

income. With a relatively modest initial cost, significant benefits (including financial) can be gained during 

the design life of a building (life-cycle analysis) that incorporates earthquake-resistant features. 

In this section, both new and existing construction are discussed as part of seismic risk mitigation. It is 

important to distinguish between new and existing construction. For new construction, complying with 

modern seismic code provisions for design and construction is the single most important step in improving 

resiliency. For existing buildings, seismic retrofitting to achieve code compliance is often not economical 

and not warranted given that the building has already been in service for a portion of its design life. 

Therefore, focused seismic retrofitting that mitigates the most glaring structural weakness, while permitting 

an acceptable level of damage, is the most effective procedure (refer to Miyamoto et al. 2017). 

3.2.2 New construction 

Schulze et al. (1987) conducted a probabilistic study on the cost-effectiveness of earthquake-resistant new 

buildings. In their analysis, the cost consisted of the additional resources that were required to build a code-

compliant building, and the benefit was calculated by considering the savings in property damage and the 

reduction in human losses in an earthquake. Table 1 summarizes the authors’ findings for an earthquake of 

Modified Mercalli Intensity (MMI) VII in Los Angeles. A significant reduction in seismic vulnerability 

was noted, with only a modest increase in the cost of the buildings. The authors also noted that a secondary 

advantage complements the seismic retrofit benefit, namely, the additional safety against wind loading. 

Case State of practice Code-compliant 

Property damage 12% 5% 

Fatality rate  0.12% 0.06% 

Additional cost Not applicable 3% to 7% 

 Cost-benefit analysis for code-compliant new construction (adapted from Schulze et al. 1987) 

Another study on the cost-effectiveness of earthquake-resistant design was conducted in Memphis, 

Tennessee (NEHRP 2013). This study represented a site that had the potential for large earthquakes, but 

that had not experienced earthquake damage in recent times. The authors considered building construction 

from the 1940s to the 2000s and looked at various occupancies. In coordination with local professional 

engineers, models of both code-compliant and state-of-practice design from the time were analyzed to 

assess the seismic risk and the corresponding consequences. Based on consultation with local professionals, 

cost data was also obtained. Table 2 summarizes the authors’ findings. The seismic-resistant design was 

achieved with a marginal (0.9%) increase in the total building cost, and the resulting associated benefits 

were reductions of approximately 50% in the vulnerabilities studied: fatalities (50%), collapse (54%), and 

repair cost (48%). 
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 Case State of practice Code-complaint 

Benefits 

Probability of collapse 4.1% 1.9% 

Fatalities 0.38% 0.19% 

Repair cost (% of value) 5.5% 2.9% 

Additional  

costs 

Relative to structural cost – 3.2% 

Relative total building cost – 0.9% 

 Cost-benefit analysis for seismic-resistant new construction (adapted from NEHRP 2013) 

In a 2005 study, it was found that communities saved US$4 for every US$1 that the U.S. federal government 

spent on upgrade (NIBS 2018) for new construction. A revised assessment shows that the mitigation is now 

even more cost-effective than the level that was computed a decade ago. Updated values for the buildings 

are presented in Table 3 (NIBS 2018). While the benefits for earthquake mitigation (identified by meeting 

the current building code requirements) are largest, such mitigation efforts are also effective for a wide 

range of hazards; see Table 4. 

Case US$ spent US$ savings 

Adopting the current building code 

provisions 
1 11 

Federal mitigation grants 1 6 

Exceeding the code design 1 4 

 Cost-benefit analysis for pre-event upgrade (adapted from NIBS 2018) 

Mitigated hazard 
Cost-benefit-

ratio 

Flood (river) 6 

Wind (hurricane) 10 

Earthquake 12 

 Cost-benefit analysis for code-compliant construction (adapted from NIBS 2018) 

3.2.3 Seismic retrofitting 

Smyth et al. (2004) performed a probabilistic cost-benefit analysis for seismic retrofit of existing apartment 

buildings in Turkey. The authors used a five-step method, which involved (i) looking at the hazard, 

(ii) calculating the direct cost of mitigation, (iii) determining system loss with and without mitigation, 

(iv) determining the feasibility of mitigation, and then (v) selecting the optimal option based on the net-

present-value calculations. The authors noted that even when a reduction in only direct damage (structural 

and fatalities) was considered as the sole benefit, all the retrofit measures that had been considered were 

cost-effective for all time horizons except a very short one; see Table 5. The shaded cells indicate cases in 

which retrofitting is cost-effective. 

 Case Status quo Partial retrofit Full retrofit 

 Initial cost – US$80,000 US$135,000 

Expected 

discounted 

benefit  

1-year – US$21,200 US$21,600 

5-year – US$89,500 US$91,500 

10-year – US$147,100 US$150,400 

50-year – US$244,400 US$253,000 

 Cost-benefit analysis for seismic retrofitting (adapted from Smyth et al. 2004) 

Data backs up the fact that seismic retrofit programs are cost-effective. Data collected from recent seismic 

retrofitting programs worldwide indicates that the seismic retrofit cost is 20% to 40% of the replacement 

cost. For example, in Turkey, the replacement cost ratio (defined as the cost of retrofitting divided by the 

cost of replacement) was estimated at approximately 40% (Erdik and Durukal 2008). If retrofit costs are in 

excess of 40%, replacement instead of retrofitting might be a preferred risk mitigation measure.  

The cost of retrofitting varies. The more cost-effective a retrofit solution is, the more scalable the mitigation 

program becomes. As in the case of the Earthquake Brace + Bolt (EBB) program in California, the cost of 
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retrofitting is as low as 1% to 2% of the total property value. Although no empirical data is yet available, it 

is anticipated that such improvements might have tangential benefits, such as a potential increase in 

property values, reduction in insurance premiums, or perhaps better financing terms. In California, one 

concrete benefit relates to property taxes. As part of Proposition 13, seismic retrofitting does not trigger a 

reassessment of the property (to a higher) value for tax purposes (UC Hastings 2010). 

Stein and Stein (2014) studied natural hazards, the uncertainties that are associated with them, mitigation, 

and the associated costs. Based on the mitigation benefits and the associated costs, the authors developed a 

U-shaped curve that relates the total cost as a function of the mitigation level; see Figure 4. Note that there 

is a theoretical optimal mitigation range (enveloping the low and high estimates), below which there is 

excess loss and above which there is excess cost. The optimal mitigation minimizes total cost, which is: 

(i) the mitigation cost, and (ii) the present-day value of future losses from earthquakes. 

 
 Optimal mitigation level (Stein and Stein 2014) 

3.3 Components of successful mitigation programs 

3.3.1 Overview 

Cost-effective public awareness and outreach campaigns are critical in the implementation of successful 

strengthening programs. As part of these programs, households might also be asked to incur financial costs 

and to temporarily vacate their residence completely or partially so that seismic vulnerability mitigation 

can be performed. Therefore, a system of ordinances, enforcement mechanisms, and financial incentives is 

also critical for successful programs. 

3.3.2 Legal ordinances and mandates 

To initiate a successful program, a national or subnational legal framework is required. A combination of 

incentives and penalties can be used to ensure compliance. Jurisdictions might plan to implement either 

voluntary or mandatory seismic retrofitting. The advantage of voluntary retrofitting is that potentially a 
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larger pool of buildings will be upgraded as more flexible performance criteria can be chosen. However, 

the drawback of this approach is that it has no enforcement mechanism.  

In California, typically mandatory upgrades must be performed for important buildings, such as hospitals, 

schools, and emergency shelters. The same approach is now being implemented for commercial and 

residential buildings that are the most vulnerable. For multiunit residential buildings especially, mandatory 

retrofitting seems more appropriate for the most vulnerable structures (that is, URM buildings, buildings 

with irregularities, or nonductile concrete structures). Financial assistance and a relatively longtime horizon 

can be incorporated to give residents and building owners some relief in the retrofit implementation. Table 

6 presents an example of a compliance matrix in California. 

Regulation Year Target Target date Reference 

Senate Bill 1953 1994 
All hospital facilities 

meet life safety 
2013 OSHPD (2019) 

L.A. Ordinance 

183983 
2010 

Concrete buildings pre 

1978 

Retrofit/demolition plan: 2 

years 
LADBS (2019) 

Permit: 3.5 years 

Complete: 7 years 

L.A. Ordinance 

183983 
2010 

Soft-story wood frame 

pre 1978 

Checklist: 3 years 

LADBS (2019) 
Retrofit/demolition plan: 

10 years 

Complete: 25 years 

San Francisco 

Ordinance  

66-13 

2013 
Soft-story wood frame 

pre 1978 

Screening: 1 year 

DBI (2019) Permit: 2 to 3 years 

Completion: 4 to 7 years 

Senate Bill 547 1986 URMs 

Inventory every URM 

building in seismic zone 4: 

1990 

Adopt a loss-reduction 

program and report to CA 

seismic commission 

SSC (2006) 

Assembly Bill 

300 
1999 

Public school building 

(K–12) pre-1976 

construction 

Report to governor by 

2002 
AB 300 (1999) 

 Example time frames for seismic evaluation and retrofitting in California 

Another key item to consider, and which has been implemented in case studies that are presented in this 

report, is the required level of improvement. For new buildings, code compliance is the norm and is enforced 

by building officials. However, for retrofit of existing buildings, a different standard and level of 

performance are selected. 

In the United States, the threshold of performance for retrofit of existing buildings is lower than for new 

buildings. This difference is reflected in the codes and standards. Retrofit guidelines and standards differ 

from the codes that are used for designing and for constructing new buildings:  

• The lower threshold for existing buildings encourages retrofitting. For existing buildings, seismic 

retrofitting presents an unforeseen cost to property owners. The building retrofit will also disturb 

occupants and functionality and could lead to secondary losses. Therefore, in developing retrofit 

standards, compromises must be made to maintain basic safety requirements and to simultaneously 

minimize adverse impacts of the retrofitting work. Such constraints are not present for new 

developments. Accordingly, the goal in seismic retrofitting is to ensure that the building does not 

collapse and thus preserves life. A certain level of damage is expected and is considered to be 

acceptable. 
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• Buildings are typically designed for a design life of 50 to 75 years. Because an existing building has 

been in service for years or even decades, the building has a shorter remaining useful design life 

compared with a new building. Therefore, it has a lower probability of experiencing a damaging 

earthquake in its remaining life. However, this lower probability does not imply that the building will 

not experience a major earthquake or that it will not be damaged in an earthquake. 

• New, not-yet-constructed buildings include many unknowns. By contrast, for existing buildings, 

geometric, material, and weight distributions either are known or can be determined by field 

measurements. For example, for a new building, the seismic mass is not known because the actual 

components within the building are not known. In the case of an existing building, load takeoff can be 

used to determine the weight of a structure accurately. Similarly, for existing buildings, nondestructive 

or destructive tests can be used to accurately determine the material properties of the seismic elements 

in a building. This option is not available for a yet-to-be-built structure. Thus, existing buildings include 

less uncertainty in both capacity and performance. 

Accordingly, for retrofit work, typically a separate document such as a retrofit guideline is prepared and is 

implemented. In California ordinances, the seismic demand for retrofits is set at about 75% of the value 

that is used in the seismic code for new construction, and the retrofit guidelines allow the use of expected 

(higher than nominal) material properties and no strength reduction factors. For example, CBSC (2016) 

writes that: 

Where seismic evaluation and design is permitted to meet reduced California Building 

Code seismic force levels, the criteria used shall be in accordance with one of the 

following: 

1. The California Building Code using 75 percent of the prescribed forces 

As a result, retrofitted buildings might not meet all the building code requirements for new construction; 

however, retrofits can still improve the structures and their expected ability to preserve life safety. 

In California, a law was enacted in 1986 that required local governments in seismic zone 4 (regions of high 

seismicity) to inventory their URM buildings and to establish a URM loss reduction program. As of 2006, 

98% of URM buildings had been incorporated into the program, and 70% of those buildings had been 

strengthened to the equivalent of 75% of seismic forces in new building codes. To increase compliance, 

recommendations were made to: (i) manage the seismic retrofit, and (ii) provide incentives to owners to 

undertake seismic retrofitting (SSC 2006). 

Currently in California, several cities have ordinances to help reduce the seismic vulnerability of at-risk 

types of buildings; see Table 7 (WJE 2019). Figure 5 presents an example of a geographical distribution of 

seismically vulnerable buildings, which was obtained from an initial engineering screening (City of Santa 

Monica 2019). 

Building type City Start date Compliance time Comment 

Wood-frame 

soft story 

Alameda 2009 1.5 years 
Tenant notification for rental 

properties required 

Berkeley 2014 2 years Mandatory 

Beverly Hills In development – – 

Burbank 2014 – Voluntary 

Fremont 2007 5 years Mandatory 

Long Beach 2008 – Voluntary 

Los Angeles 2015 2 to 7 years 13,500 buildings in three groups  

Oakland 2019 4 to 6 years 3 tiers 

Pasadena In development – – 

San Francisco 2013 4 to 7 years 4 tiers 

Santa Monica 2017 6 years 1,700 buildings 

West Hollywood 2018 5 years 3 tiers 
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Building type City Start date Compliance time Comment 

Nonductile 

concrete 

Beverly Hills In development – – 

Burbank 2012 – Voluntary 

Long Beach 2008 – Voluntary 

Los Angeles 2016 20 years 1,500 buildings, mandatory 

Santa Monica 2017 10 years – 

West Hollywood 2017 20 years 3 tiers 

 California city ordinances for seismic retrofitting (WJE 2019) 

 
 Vulnerable buildings as determined by seismic screening in the city of Santa Monica  

(City of Santa Monica 2019)4 

3.3.3 Enforcement  

To ensure compliance, approved ordinances provide a city with methods to address and to mandate the 

mitigation of violations. 

In the city of Alameda, California, building owners are required to (City of Alameda 2009): 

• Notify tenants that the building has been placed on the vulnerable inventory list. 

• Place a clearly visible sign near all entrances that states the following: 

 

4 An interactive seismic retrofit map for the city of Santa Monica can be accessed at 

https://smgov.maps.arcgis.com/apps/webappviewer/index.html?id=05191306d93d4c04827773b8d2151cd7 
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Earthquake Warning: This is a soft-story building with a soft, weak, or open front 

ground floor. Occupants and visitors may not be safe inside or near such buildings 

during an earthquake. 

Several options are available to remedy noncompliance. In Oakland, California, for example, the city has 

the following remedies for noncompliance, which can be applied sequentially (City of Oakland 2019): 

• The city can send a notification to parties who have a financial interest in the property (mortgage 

lenders, lienholders, and insurance bearers) and to tenants that the property is potentially a hazardous 

building and is in violation of the city ordinance. Written notice is required. 

• The city can file a statement with the county recorder’s office about the violation. 

• A notice stating that the building is a seismic hazard can be posted outside the building. 

• A city attorney can file a lawsuit to compel compliance. 

3.3.4 Financial incentives  

Financial incentives for seismic retrofitting can be one or more of the following: tax incentives, reduced 

insurance premiums, reduced permitting fees, government grants, and low-interest loans. 

In the state of California, the California Residential Mitigation Program (CRMP) was established in 2011. 

As its first initiative, CRMP implemented the Earthquake Brace + Bolt (EBB) program, which gives 

homeowners a grant of up to US$3,000 toward seismic strengthening of their home (CRMP 2019). The 

program focuses on the correct attachment of the house to the foundation and bracing of cripple walls. The 

retrofit must comply with California Existing Building Code (CEBC) requirements for light wood-frame 

houses and must provide examples of acceptable seismic retrofits for the specific property. As of November 

2018, more than 7,000 homeowners had retrofitted their older houses by using this grant (CRMP 2019). 

The City of Berkeley, California, provides financial incentives for seismic retrofit of buildings, but the 

program is limited to residential buildings. Upon completion of the seismic retrofit work, residents can 

apply for a city tax transfer of a dollar-for-dollar match for up to one-third of the city tax (City of Berkeley 

2011). 

The Federal Emergency Management Agency (FEMA) Pre-Disaster Mitigation Grant Program provides 

funds annually for mitigation planning and for implementation of mitigation projects. The funding is 

available to states, cities, and localities. FEMA 404 and 406 hazard mitigation grants apply to damaged 

facilities. However, funding is available only for sites that are subject to repeated damage and can be used 

only for structural retrofit of existing buildings. The program requires a benefit-cost ratio of at least 1.0 

(FEMA 2017). The program provides a benefit-cost analysis tool that can be used to compute the expected 

losses from natural disasters such as earthquakes, hurricanes, and floods. An example portion of the Benefit-

Cost Analysis (BCA) form for earthquake mitigation and default (Standard) cost values are presented in 

Table 8 and in Figure 6, respectively (FEMA 2009). 

Input Documentation summary Potential sources 

Name, Address, 

County, and GPS 

Coordinates 

Include contact information and whether the 

building is historic. Include latitude/longitude 

location for proper earthquake hazard data lookup. 

Documents are available from the 

homeowner, local building 

inspector, local tax assessor’s 

office, or licensed surveyor, or use 

title documents. 

Project Information  

Project information includes: 

• Project number 

• Analyst name and contact information 

• Grant program 

• Project point of contact (POC) 

Information is available from the 

project manager or POC. 
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Input Documentation summary Potential sources 

Scope of Work 

(SOW) 

The SOW should include: 

• Problem description and proposed solution 

• Description of existing condition 

• Work schedule 

• Cost estimate 

• Engineering schematics, detailed engineering 

drawings, or engineering designs 

The SOW is available from the 

project manager. 

 

The BCA Cost Estimation module 

walks users through the costs that 

are valid for each project type. 

Earthquake 

Mitigation Project 

Type 

Refer to your project SOW to determine the type of 

mitigation project.  

The project manager or engineer 

can provide the SOW.  

Cost Estimate 

All anticipated project costs should be detailed, 

including maintenance costs over the useful life of 

the project. Avoid the use of lump-sum costs. The 

Cost Estimate should include: 

• The sources of the estimate and documentation 

that supports each source 

• The base year of all cost estimates and any 

deviations due to the anticipated date of 

construction 

• Other related costs, such as survey permitting, 

site preparation, and material disposal 

• Other acquisition costs, such as appraisals, 

legal recordation, displacement costs for 

renters, and maintenance 

Provide contractor or standard 

cost-estimating software estimates. 

The source should be a 

government representative or a 

professional with relevant 

expertise. 

Base Year of Costs The year in which the cost of the mitigation project 

was estimated. 

Information is available from sub-

applicant. 

Analysts can increase costs in the 

cost-estimating portion of the BCA 

Tool. 

Project Useful Life 

(PUL) 

The estimated amount of time (in years) that the 

mitigation action will be effective. The PUL is 

based on the type of mitigation. 

Sources include the PUL table in 

the BCA Tool dynamic help, 

which provides the FEMA 

Standard Values.  

Soil Type Select from a drop-down menu of soil types. The 

selection ranges from soil type A to soil type F. 

Documentation is available from 

the project engineer or from 

geotechnical engineers. 

Ground Motion 

Values 

Measures that are associated with the probability 

and the severity of earthquakes at the site. 

Hazard data is available from the 

U.S. Geological Survey (USGS). 

Total Building Area Expressed in square feet.  Documents are available from the 

local tax office, appraiser’s office, 

or surveyor, or use documents that 

show the building footprint. 

Building 

Replacement Value 

(BRV) 

Enter the total cost to build a comparable structure. 

Acceptable forms of documentation include a letter 

from a construction company, contracting firm, or 

local building inspector; photocopies of pages from 

standard cost reference manuals; or tax records. 

Sources can include a local 

building inspector, construction 

company, architect, building 

engineer, or standard cost-

estimating software. If tax records 

are used, the source must be an 

assessor. 

Number of 

Occupants 

Average number of occupants on a 24/7/365 basis.  Documentation is available from 

the building owner or manager. 
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Input Documentation summary Potential sources 

Percentage of BRV 

Allocated to Direct 

Physical Damage 

The percentage of BRV is listed by the three direct 

physical damage categories5. 

No documentation is required if the FEMA 

Standard Values are used. 

Sources can include consultation 

with a real estate appraiser, 

economist, local building 

inspector, contractor, builder or 

construction company, architect or 

building engineer, or planner. 

Displacement Costs Costs for occupants who are displaced to temporary 

quarters while damage is repaired. Includes rent and 

other monthly costs. 

Sources include local community 

advertisements, rental agencies, 

and similar rental receipts. 

Loss of Rent Loss of rent is for rental properties only and does 

not include one-time costs. 

Provide receipts for rent payments 

or owner’s records as 

documentation. 

Building Type 

and Number of 

Stories 

Select the building type from the drop-down menu. The building type and number of 

stories should be based on design 

drawings prepared by the architect 

or building engineer.  

Design Level Design levels are descriptors in the Hazards U.S. 

Multi-Hazard (Hazus-MH) risk assessment tool to 

classify the degree of seismic resistance of a 

structural system. 

 

The design level should be based 

on building design information 

prepared by a registered 

professional (civil or structural) 

engineer. Additional guidance is 

available in the documentation for 

the Hazus-MH risk assessment 

tool. 

Capacity Parameters Capacity is initially set based on the building type, 

the number of stories, and the design level. 

 

Capacity parameters are based on 

the recommendation of a 

professional (civil or structural) 

engineer with seismic design 

experience. 

 Sample BCA documentation template (adapted from FEMA 2009) 

 

5 The three categories include: i) structural drift sensitive; ii) non-structural drift sensitive; and iii) non-structural 

acceleration sensitive. 
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 FEMA Standard Values for BCA (FEMA 2009) 

The California Earthquake Authority (CEA) provides a tiered discount on insurance premiums for older 

houses that have been seismically retrofitted. The discount is 10% to 15% for houses with non-slab 

foundation and 20-25% for raised foundation, with the higher discount applicable to buildings that were 

constructed before 1940. To apply for the discount, the policyholder must submit a dwelling retrofit 

verification form that is signed by a licensed engineer or contractor (CEA 2019a). 

The California Capital Access Program (CalCAP)/Seismic Safety Financing Program offers incentives to 

lenders to provide financing to homeowners for seismic retrofitting. As a credit enhancement, the program 

provides 100% coverage on certain loan defaults (CPCFA 2019). The loans can be taken for terms of up to 

10 years and can be as high as $250,000. 

The City of Seattle is considering mandatory screening and seismic retrofitting of all URM buildings. This 

proposed policy follows an earlier effort in the 1970s when ordinances were passed to require seismic 

strengthening of URM buildings. However, that ordinance was later repealed because of objections from 

property owners who were concerned about the cost of seismic upgrades. The city has formed a 
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subcommittee to develop financing options for URM retrofits. The proposed policy will be mandatory, will 

create a program that is easy for property owners to implement, and will provide options for financial 

support (City of Seattle 2019). 

The City of San Leandro, California, provides financial incentives for seismic retrofitting of owner-

occupied houses. The program eligibility is restricted to low-income homeowners, and grants of up to 

US$5,000 are provided. The city also conducts workshops and provides handbooks to educate homeowners 

about seismic retrofitting. The city has also developed a set of prescribed plans that contractors or 

homeowners can use as part of seismic retrofitting. The seismic retrofit of URM buildings in the city has 

almost been completed (City of San Leandro 2019). 

The Property Assessed Clean Energy (PACE) financing program allows property owners to borrow money 

to pay for seismic retrofitting in the San Francisco Bay Area and nationally. PACE financing has several 

advantages, including the following: 

• Long-term fixed costs for 100% financing 

• Assessment that can be passed to the next owner if the property is sold 

• No up-front costs 

3.3.5 Public outreach 

To implement a successful program, it is important to incorporate outreach and education.  

The City of San Leandro, for example, provides the following services to city residents; also see Figure 7 

(City of San Leandro 2019): 

• Workshops  

• Earthquake retrofit handbooks  

• A tool inventory to check out tools for do-it-yourself homeowners who are interested in retrofits 

• Prescribed plans (drawings) 
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Workshop registration form Handbook cover 
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Tool lending library 

 
Sample plans 

 Components of the City of San Leandro’s public outreach (City of San Leandro 2019) 

The municipalities in California that have seismic retrofit ordinances provide guidelines for screening and 

for determining whether seismic retrofit is required. The cities’ websites typically provide information such 

as the following; also see Figure 8 (City of Berkeley 2011): 
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• What a seismically vulnerable building is 

• How to perform the screening  

• What buildings and construction periods are covered in the program 

• The time allowed for submittal of the screening form 

• A list of qualified inspectors, engineers, architects, and contractors 

• The filing fee 

The Council finds as follows: 

1. A survey of Berkeley buildings in 1996 identified nearly 400 wood frame buildings with five or more units with a 

ground level containing large openings such as storefronts, garages, or tuck-under parking. 

2. The openings on the ground floor of such buildings can create a soft, weak or open front condition. 

3. Buildings with soft, weak, or open front ground stories are recognized by engineers and other seismic safety experts 

as having the potential for sustaining serious damage including collapse in the event of strong earthquakes. 

4. Earthquakes in California and elsewhere have demonstrated such damage, injuring and killing people, displacing 

residents, and causing severe economic loss and disruption to communities. 

 

Definition of vulnerable building type 

 

5. The City of Berkeley conducted an assessment project in 2001 that identified approximately 5,000 residential units in 

buildings that may have such stories. 

6. A sidewalk assessment was done of 150 identified buildings by professional engineers and found that 46% have severe 

or considerable vulnerability to damage in a major earthquake and that another 49% had moderate vulnerability. 

 

Screening 

 

19.39.020 Scope and applicability. 

A. The provisions of this Chapter shall apply to all existing wood frame multi-unit residential buildings that contain five 

or more dwelling units, as defined in BMC Title 23, and that were designed under a building permit applied for before 

January 1, 1978, where: 

1. The ground floor, whether itself constructed of wood or other materials, of the wood frame structure contains parking 

or other similar open floor or basement space that causes soft, weak, or open-front wall lines and there exists one or more 

levels above, or;  

2. The walls of any story or basement of wood construction are laterally braced with nonconforming structural materials 

as defined in this International Existing Building Code (IEBC) Chapter A4 and there exist two or more floor levels 

above.  

Such buildings are referred to in this Chapter as potentially hazardous buildings with “soft, weak, or open front” 

conditions or “SWOF.” 

 

Building types and construction period included 

 

C. Appeal to Building Official. Any person entitled to service of notice under the preceding subdivision may request the 

Building Official to reconsider a determination to include a building on the inventory by submitting information that the 

building’s ground floor is not soft, weak, or open as defined by the applicable standard, that the building has been 

substantially reconstructed in accordance with the 1976 or later Uniform Building Code, or that the building has been 

retrofitted in compliance with Article 5 of the current Berkeley Building Code or the IEBC. The request for 

reconsideration shall be filed within 180 days from the date of the service of such notice and order of the Building 

Official. 

 

19.39.110 Compliance schedule for completion of seismic retrofits. 

A. Deadlines. 
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1. All owners of potentially hazardous SWOF buildings shall submit an application for a building permit to carry out the 

required retrofit in accordance with this Chapter no later than December 31, 2016. 

2. The retrofit shall be completed no later than two years after submittal of the application for a building permit pursuant 

to Subsection 19.39.110.A.1. 

 

19.39.140 Seismic engineering evaluation report (Required for buildings on the SWOF inventory prior to January 

1, 2014). 

For buildings placed on the inventory prior to January 1, 2014, within two years of the date of service of the notice of 

inclusion on the inventory, the owner of each building on the inventory shall submit an initial screening and a detailed 

seismic engineering evaluation report prepared by a qualified California licensed structural or civil engineer that: 

analyzes the structural ability of the building to resist the seismic effects of earthquakes and the extent to which the 

building meets the standards for structural seismic adequacy as set forth in Chapter A4 of the 2003 IEBC. 

 

Screening, permitting, and retrofitting schedule  

 

Hiring Design Professionals and Contractors  

The City of Berkeley is not able to recommend specific designers or contractors. However, the following resources are 

available for guidance.  

 

How do I find an Architect or Engineer? 

Depending on your project, you may need to hire either an architect or an engineer. If your project includes both structural 

and nonstructural changes, you may decide to hire both. You can choose to hire one design professional, who can contract 

with additional professionals as needed. 

By law, you will need a California-licensed architect or engineer for your project if it is more than two stories and a 

basement in height, is of any type other than conventional wood-frame construction or exceeds four dwelling units on a 

property. 

 

Hiring an Architect 

• Hiring and Working with Architects - AIA East Bay 

• Resources for Hiring an Architect - AIA East Bay 

• How to Work with an Architect - AIA San Francisco 

• Find an Architect - List of AIA East Bay member firms 

• Find an Architect - Search for AIA San Francisco member architects and firms 

• License Search for Architects - California Architects Board 

 

Hiring an Engineer 

• SEAONC Structural Engineer Referral List - Click on “Project Types” to reveal a drop-down menu and select 

the appropriate type. Do not enter Berkeley under “City” or the search will only provide engineers with offices 

located in Berkeley. If City if left blank, the search will generate a list of engineers in the Bay Area with 

experience in the selected project type. This referral list does not contain the names of all licensed structural 

engineers. 

• License Search for Engineers - Department of Consumer Affairs  

o License Verification Search Instructions 

 

How do I Find a Contractor? 

You can begin working with a Contractor either at the beginning of your project or after you have a design in progress. 

A Contractor can typically provide a more accurate estimate of the construction cost if you have a set of plans and 

specifications for your project that they can refer to in order to give you a bid for the work. However, speaking with 

Contractors at an early stage can be helpful in getting to know the strengths of different Contractors and developing a 

more realistic budget and timeline for a project. 

Your engineer and architect may be able to recommend Contractors to you. Some design-build companies provide both 

design and construction services, which may or may not be appropriate for your project.  

Contact information for experts 

 

 Components of the City of Berkeley seismic retrofit ordinance (City of Berkeley 2011) 

http://aiaeb.org/find-an-architect/
http://aiaeb.org/find-an-architect/resources-for-the-public/
http://aiasf.site-ym.com/page/WorkingWith
http://aiaeb.org/find-an-architect/member-firms/
http://aiasf.site-ym.com/page/FindanArchitect
http://www.cab.ca.gov/consumers/license_verification.shtml
https://www.seaonc.org/page/referrallist
http://www2.dca.ca.gov/pls/wllpub/wllqryna$lcev2.startup?p_qte_code=ENG&p_qte_pgm_code=7500
http://www.bpelsg.ca.gov/consumers/lic_lookup.shtml


 

 

Resilient Housing Best Practices and Lessons Learned: United States and Japan  24 

 

 

3.3.6 Examples of successful programs 

In the 1980s, the first large special assessment bond was issued by the City of Long Beach, California, to 

finance the retrofit of privately owned URM buildings. This effort was part of a mandatory seismic retrofit 

program and is considered to have been largely successful (City of Long Beach 2017). 

The World Bank–sponsored seismic retrofit program for public buildings in Istanbul, Turkey,6 is also an 

example of a successful program. This program included several key components (IEG 2018) that 

contributed to its success: 

• The project focused on reducing risk rather than on disaster response. 

• The project set ambitious but realistic goals. 

• A strong and knowledgeable local team—comprising engineers, government officials, managers, and 

contractors—was created as part of the project implementation unit. 

• The project produced high-quality buildings, resulting in significantly reduced vulnerability.  

• The World Bank created an effective platform that attracted additional funding from other agencies. 

• Seminars and training materials were prepared to inform stakeholders about the benefits of the program 

after implementation. 

The importance of the last point warrants emphasis, because before the program was implemented, surveys 

that had been conducted in Istanbul showed that the public considered seismic retrofitting as an investment 

with no tangible financial return (Erdik and Durukal 2008). 

3.4 Discussion 

An extensive review of the literature and case studies and the authors’ considerable experience in studying 

earthquake effects revealed the following:  

• Experience has demonstrated that a small subset of building types contributes the most to human and 

financial losses in earthquakes. Most of the structural damage, loss of life, and financial consequences 

from past earthquakes have been caused by buildings that either were vulnerable (for example, URM 

buildings, structures with irregularities such as soft stories, or nonductile concrete construction) or were 

designed and/or constructed poorly (for example, a lack of code compliance or a poor quality of 

construction materials or workmanship).  

The first category, vulnerable building types, can be mitigated by implementing a retrofit program and 

is the subject of this report. The second category, poor design and construction, can be mitigated by 

enforcement of building regulations. As a first step to enhance resilience, it is critical to address the 

seismic vulnerability of fragile types of buildings. Fortunately, extensive research and analysis related 

to these building types have been conducted, and as a result, robust and cost-effective seismic 

strengthening techniques are readily available for these building types to improve their earthquake 

resistance (see Section 3.2). 

• The benefits of seismically robust construction include reduced vulnerability, expressed as a reduction 

in both direct costs (fatalities and structural damage) and indirect costs (loss of income, need for shelter, 

etc.). The cost of such an undertaking is the initial construction cost and maintenance costs that are 

associated with earthquake-resistant construction. 

 

6 The official title of the program is the World Bank Istanbul Seismic Risk Mitigation and Emergency Preparedness 

Project (ISMEP). 
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• Past studies have shown that the construction of new housing units to current seismic standards is cost-

effective. The initial investment is nominal (approximately 3% or less), and the reduction in 

vulnerability is on the order of 50%; see Table 2 (NEHRP 2013). 

• For existing buildings, seismic retrofitting is significantly less expensive than building replacement. 

For these buildings, except for a very short time horizon, the seismic retrofit benefits (reduced future 

costs) outweigh the initial capital investment; see Table 5. Past studies (FEMA 2018) suggest that when 

retrofit costs exceed 40% of replacement value, the owners usually opt for replacement. When 

calculating the replacement cost, it is important to include secondary costs, such as demolition and site 

preparation, which can add significantly to the overall cost of construction. 

• Retrofit of existing buildings to comply with the modern code standards that are required for new 

construction could be cost-prohibitive. Therefore, alternate standards or guidelines for seismic 

retrofitting have been developed that aim to minimize the probability of building collapse and loss of 

life. This approach allows the application of lower-cost retrofit solutions that are targeted at reducing 

known structural vulnerabilities, as opposed to higher-cost solutions that would be required to bring an 

existing building stock up to modern code standards.  

• It is important to identify the optimal retrofit for buildings and communities. Retrofit of all building 

types is impractical. Thus, the most vulnerable building types must be identified and prioritized for 

retrofit programs. 

• Although both voluntary and mandatory seismic retrofit programs for residential buildings have been 

used in the past, the mandatory option is more effective. This option includes a legal mandate that can 

be used as enforcement to ensure that dangerous residential buildings are strengthened. 

• A robust enforcement mechanism is necessary to ensure compliance, to provide remedy if violations 

occur, and to make the public and tenants aware of buildings that are noncompliant and therefore 

potentially dangerous. 

• For homeowners and property owners, the costs involved are not minor, and it is therefore necessary to 

provide financial assistance for seismic retrofit programs. For example, in San Francisco, soft-story 

retrofit construction costs could vary from approximately US$5,000 to US$10,000 per unit based on 

available construction data (DBA 2019). A combination of grants, low-interest loans, tax incentives, 

and lower rates for insurance and for interest on mortgages can be used as incentives for property 

owners. 

Case Description Units 
Average Cost, 

$US1000 

1 Up to 8 units 4 to 8 63.5 

2 9 to 18 units 10 to 15 76.9 

3 19 or more 20 to 30 96.1 

 Example of soft story retrofitting cost (DBA 2019) 

• Outreach and communication components of a seismic strengthening program are important to 

demonstrate to property owners why it is in the interest of both the city and the owners themselves 

(financial and overall) to mitigate the seismic deficiencies of hazardous buildings. 

3.5 Detailed case studies in the United States and in Japan 

As discussed briefly in this chapter, several seismic retrofit ordinances have been implemented or are under 

consideration in various cities. Several successful programs will be presented in more detail in the next two 

chapters of this report, including examples in California and in Japan. 
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4. EXAMPLES OF RESIDENTIAL RETROFIT PROGRAMS IN CALIFORNIA 

4.1 City of San Francisco soft-story retrofit program for wood-frame buildings 

4.1.1 Project background 

After the 1989 Loma Prieta Earthquake, experts and government and building regulatory agencies 

extensively studied the causes and effects of the damage, aiming to reach consensus about an effective 

prevention and mitigation approach. Drawing on the experience from the 1989 Loma Prieta Earthquake, in 

1998, the San Francisco Department of Building Inspection (DBI) initiated the Community Action Plan for 

Seismic Safety (CAPSS) Committee. The committee’s overall goals were to reduce the city’s earthquake 

vulnerability, to improve the city’s post-earthquake response, and to improve the overall resilience of the 

city (ATC 2010). The committee comprised 60 stakeholders, including representatives from the city, 

engineering professionals, and community leaders. One of the key recommendations of CAPSS was the 

initiation of the Earthquake Safety Implementation Program (ESIP) in 2012. Over the next few decades, 

ESIP will carry out 50 tasks that have been identified by CAPSS.  

One of the tasks is to retrofit soft-story buildings in San Francisco (CAPSS 2011). In 2009, at the request 

of CAPSS, the FEMA began working on a guideline for the seismic retrofit of wood-frame buildings with 

soft stories. This effort resulted in the publication of FEMA P-807 (FEMA 2012). In 2010, a task force was 

convened with the objective of developing a mandatory seismic retrofit program for soft-story buildings in 

the city that incorporated phased implementation and financing mechanisms. Based on efforts by ESIP, the 

Soft Story Mandatory Retrofit Program (MRP or MSSP) was enacted in 2013 and is being enforced by the 

DBI, backed by a city ordinance (DBI 2013). The objective of the MRP is to ensure that older wood-frame 

residential buildings with a soft story are retrofitted to help ensure the safety and resilience of San 

Francisco’s housing stock.  

CAPSS estimated that at least 2,800 wood-frame residential buildings were constructed before 1978 that 

have five or more dwellings and three or more stories and that might include soft stories. The 1978 cutoff 

date was selected because it was postulated that more recently constructed buildings would meet the implied 

modern building code objective (design for life preservation in the event of a major earthquake with a return 

period of approximately 475 years). 

4.1.2 Building tiers and retrofit program 

The soft-story buildings were divided into four tiers to allow phased retrofitting: 

• Tier I: Buildings that contain a Group A, E, R-2.1, R-3.1, or R-4 occupancy on any story 

• Tier II: Buildings that contain 15 or more dwelling units, except for buildings that are assigned to Tier 

I or to Tier IV 

• Tier III: Buildings that do not fall within the definition of another tier 

• Tier IV: Buildings that contain a Group B or M occupancy on the first story, in a basement, or in an 

underfloor area that has any portion that extends above grade, and buildings that are in mapped 

liquefaction zones, except for buildings that are assigned to Tier I. 

The relevant occupancy types are defined as follows (ICC 2015): 

• A: Assembly 

• B: Business 

• E: Education 

• M: Mercantile 

• R: Residential: 
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o R-2.1: Primary permanent residence with adult healthcare services with 6 or more residents 

o R-3.1: Adult healthcare residential facility with 6 or fewer people 

o R-4: Units with between 5 and 15 residents 

A tabulated and geographical map of the soft-story buildings in San Francisco is presented in Figure 9 (DBI 

2019). Each dot color corresponds to the assigned building tier. The interactive map allows users to identify 

the building tier and the retrofit status and to know whether the building complies with the retrofit 

ordinance. 

 
 Geographical map of soft-story buildings in San Francisco (DBI 2019)7 

4.1.3 Workflow and schedule 

As shown in Table 10 (ABAG 2016), depending on the building tier, the compliance schedule varies for 

soft-story retrofitting in the city. The listed years all correspond to the project start date (they are not 

cumulative). Figure 10 (DBI 2019) shows the process, which starts with city authorities informing the 

owner on the potential soft-story vulnerability of the building. The owner then performs an initial screening 

and submits the completed form to city authorities. 

After it has been confirmed that the building has a soft-story deficiency, the owner works with a registered 

engineer to develop plans and calculations for seismic retrofitting. Upon review and approval, a 

construction permit is issued. When the retrofit has been completed and verified, a Certificate of Final 

Completion (CFC) is issued by city authorities. The screening form from the city authorities includes 

general information such as the building address and the owner’s personal information, a soft-story 

screening sheet, and the owner’s signature. For reference, a copy of the second page of the form, which 

deals with soft-story determination, is shown in Figure 11 (DBI 2019). 

 

 

 

7 An interactive map of soft-story properties in San Francisco can be accessed at https://sfdbi.org/soft-story-properties-

list.  

https://sfdbi.org/soft-story-properties-list
https://sfdbi.org/soft-story-properties-list
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Tier 

Non-

engineer 

screening 

Engineering 

evaluation 
Permit 

Retrofit 

completion 

I 1 1 2 4 

II 1 2 3 5 

III 1 3 4 6 

IV 1 4 5 7 

 Compliance schedule, years (ABAG 2016) 

 
 MRP compliance workflow (DBI 2019) 
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 Soft-story screening form, page 2 (DBI 2019) 

 

4.1.4 Legal mandate and enforcement 

In San Francisco, enforcement of the mandate consists of the following steps (DBI 2019): 

1. The city issues a Notice of Violation (NOV) and places an “Earthquake Warning!” placard where it is 

visible in the building; see Figure 12.  

2. The building owner receives a referral to administrative hearings. 
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3. The city issues a citation and a referral to an administrative hearing about the citation to the building 

owner. 

4. The building owner pays the costs that are associated with assessment, inspection, code enforcement, 

and penalties. 

 
 Public placard as part of an NOV about earthquake hazard (DBI 2019) 

4.1.5 Retrofit standards 

The city ordinance allows the use of several recognized standards when an evaluation or a retrofit to 

eliminate a soft story is undertaken; see Table 11 (ABAG 2016).  

Standard Application Performance objectives 

ASCE 31-03 Evaluation only – 

ASCE 41 Evaluation or retrofit Life safety in 225-year earthquake event8 

FEMA P-807 Evaluation or retrofit 
50% maximum probability of exceedance 

of strength loss/drift 

IEBC Retrofit only 
75% of prescribed force for new buildings, 

objectives similar to ASCE 41 

Alternate Retrofit only Satisfies intent of FEMA P-807 

 Acceptable standards for a seismic retrofit program (ABAG 2016) 

 

8 The standard target performance for retrofit buildings is 75% of the code requirements for new buildings. 
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4.1.6 Financing 

To encourage retrofitting and compliance, the city participates in several financing initiatives, including the 

following: 

• The San Francisco Rent Board has identified seismic retrofit work as a legal requirement, and 100% of 

the cost of the work can now be passed on to tenants through a rent increase. The fee for seismic work 

is subject to pass-through regulations and allowances, however. It should also be noted that San 

Francisco has a cap on annual rent increase amounts for existing residential tenants for most cases. 

Thus, the impact on the tenants is somewhat mitigated. Tenants who cannot afford the passed-on costs 

can be granted an appeal for financial hardship. Tenants do not have to pay the rent increase while their 

hardship appeal is being processed. Tenants qualify for hardship relief based on their financial 

circumstances; for example, when the rate increase exceeds a certain percentage of the tenant’s gross 

income (DBI 2019). 

• The city offers a public financing option for soft-story risk mitigation. Property Assessed Clean Energy 

(PACE) financing is not a traditional loan, because it is repaid through an assessment that is added to 

the owner’s property taxes and it is backed by a city municipal bond. Counterpointe Sustainable Real 

Estate (CounterpointeSRE) is a PACE administrator that offers a 30-year fixed-interest term loan. The 

assessment amount includes the cost of all permits, inspections, and design (100% financing). 

Repayment is not required upon the sale of the property. Figure 13 presents the flowchart for the PACE 

financing option (U.S. DOE 2019). 

 
 PACE financing (U.S. DOE 2019) 

In 2013, ESIP and the San Francisco Apartment Association conducted a financing workshop for owners 

and lenders. Several private lenders participate in the retrofit program, contributing to its success. 

4.1.7 Public outreach 

City authorities conducted a massive media outreach program to provide information to property owners, 

tenants, engineers, contractors, and other stakeholders. For example, the city prepared a two-page brochure 

that explains the procedures, the mandated provisions, and the deadlines for the city ordinance; see Figure 

14 (DBI 2019). 
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 Informative brochure about the MRP (DBI 2019) 
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4.1.8 Implementation 

The implementation of MRP started in 2014, and the aim was to have all the screening completed by the 

end of that year. At the end of 2014, the owners of 92% of the buildings had submitted the completed 

screening form to DBI and complied with the ordinance (ESIP 2014). As of September 2018, DBI noted 

that most properties had filed for permits and that retrofitting had been completed for nearly half of the 

buildings. However, several Tier IV buildings had yet to file their permits, and some Tier II buildings had 

yet to complete the permitted retrofit work. As of May 8, 2019, the compliance rate was approximately 

95%; see Table 12 (DBI 2019). 

 CFC status Number Percentage 

Noncompliant – 254 5% 

Permit issued 
CFC required by September 15, 2019 1,268 

37% 
CFC required by September 15, 2020 557 

Retrofit work completed 
CFC issued 2,789 

58% 
CFC not yet issued 37 

 Status of soft-story mitigation work (DBI 2019) 

The noncompliant property owners are subject to the process that is outlined in Section 4.1.4. 

4.1.9 Evaluation 

To assess the success of the programs, ways to improve, and lessons learned, the authors of this report 

conducted interviews with participating practicing engineers; see Table 13 for example responses. 

Chelsea Drenick, Senior Structural Engineer (ZFA Structural Engineers) 

No. Question Response 

1 

If you were involved in the program 

development for the city, please describe 

your level of involvement. 

– 

2 
Please describe how you participate in the 

retrofit program. 

We provide structural engineering services for owners of 

properties in the soft-story program. Sometimes we survey 

the structures to develop drawings. Then we design retrofit 

and provide construction drawings, then go through the 

Over-the-Counter permit process at SF DBI. 

3 

To your knowledge, please describe how 

the community outreach programs were 

conducted to gather support for the 

program. 

I do not know much about the programs, ZFA did 

participate in a few of the retrofit fairs that SF DBI 

organized for owners to meet engineers and contractors and 

to hear more about the process. 

4 

Please describe how the financing for 

retrofit work was secured on the retrofit 

projects. 

I do not know much about the financing; I know the city 

had loan-assistance programs in place to help owners get 

the loans for construction. And that there is also a pass-

through program so that the owner can pass the cost of the 

retrofit on to tenants over the length of the loan. 

5 

Please describe if the city provided 

technical assistance to the property owners 

under this program. 

I do not know of any technical assistance provided. 

6 
Please describe what you consider as the 

strong points of the project. 

• Clearly defined deadlines made well in advance 

• City officials easily available by email for program 

questions 

• Clearly defined seismic criteria options for evaluation 

and retrofit 

7 
Please describe how you would improve the 

project in order to reach 100% compliance. 

If you mean 100% participation, I think owners have to do 

a fair bit of work to secure funding and find an 

engineer/contractor. I think a matching program through the 
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Chelsea Drenick, Senior Structural Engineer (ZFA Structural Engineers) 

No. Question Response 

city to help with these items, or maybe a project coordinator 

within SF DBI that can help owners with questions directly, 

would streamline the process. 

8 
Would you recommend this approach to 

other cities? 
Yes. I think overall implementation was good.  

9 

What are the most important lessons 

learned from this project that can be used in 

implementation elsewhere? 

Clear deadlines that were enforced with signs on buildings 

were a successful aspect of the program, as well as clear 

design criteria for the engineers.   

 

One issue that we came across: different DBI engineers had 

a different understanding of requirements for the program 

and the Over-the-Counter feedback/experience varied from 

reviewer to reviewer. More in-house training would have 

helped, I think. 

10 Please add any other comments. – 

 Practicing structural engineer respondent example 

4.1.10 Cost-benefit considerations 

4.1.10.1 Seismic retrofitting benefit for soft-story buildings  

The 1989 Loma Prieta Earthquake showed the vulnerability of wood-frame soft-story buildings in San 

Francisco. It is noteworthy that this earthquake was of a moderate magnitude (Mw 6.8) and had an epicenter 

more than 100 km (62 mi.) from downtown San Francisco. Wood-frame buildings without a soft-story 

irregularity generally perform well in earthquakes and are one of the construction types that experience less 

damage than other construction materials do. However, the introduction of a soft-story irregularity converts 

these buildings to dangerous structures. 

CAPSS performed probabilistic analysis and examined scenario earthquakes and the vulnerability of 

various construction types. As Table 14 shows, the introduction of a soft-story irregularity increases the 

structural damage by a factor of at least 3, and to as high as 6, depending on the scenario event (ATC 2010). 

Wood-frame 

residential 

Cost of damage in US$ billions 

Hayward  

Mw 6.9 

San Andreas 

Mw 6.5 

San Andreas 

Mw 7.2 

San Andreas 

Mw 7.9 

Soft story 6.7 10.5 15.4 22.6 

Not soft story 1.1 2.8 4.1 6.6 

 Structural damage to wood-frame buildings, scenario earthquakes (adapted from ATC 2010) 

ATC (2010) also examined the expected casualties for the San Andreas Mw 7.2 event and noted that 31% 

of fatalities were expected to occur in residential wood-frame soft-story buildings. As shown in Table 15, 

in an earthquake, the regular wood-frame buildings are safe. However, wood-frame buildings with soft 

stories are extremely hazardous. Thus, reducing the vulnerability of these buildings in San Francisco is 

critical. 

Wood-frame 

residential 

Casualties by time of day 

2 a.m. 2 p.m. 5 p.m. Average 

Soft story 130 35 40 68 

Not soft story 4 1 2 2 

 Casualties in wood-frame buildings, scenario earthquakes (adapted from ATC 2010) 
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4.1.10.2 Seismic retrofitting cost 

The project costs for each building were initially estimated at US$10,000 to US$20,000, depending on the 

number of units and the complexity of construction. However, due to the strength of the local economy and 

rising construction costs, the actual retrofit costs are now believed to be between US$60,000 and 

US$130,000, depending on the building size (DBI 2019). 

After the retrofit plans have been approved and the permit has been obtained, the retrofit typically takes 

between one and three months, depending on various building factors. In most cases, tenants in the upper 

floors can remain in the building during the retrofit work. Tenants at the ground level, however, must move 

out during the retrofit.  

Figure 15 (City of Santa Monica 2019) presents an example of a soft-story retrofit of a multiunit residential 

building. As shown, a common retrofit involves placing steel moment frames at the ground level to increase 

the lateral stiffness of the first story. Other options, such as the addition of steel cantilever columns or wood 

shear walls, can also be employed. 

 
 Example of a soft-story retrofit (City of Santa Monica 2019) 

4.1.11 Discussion 

4.1.11.1 Summary of the program 

The San Francisco soft-story retrofit program is considered a success story. As of this writing, the program 

had a 95% compliance rate, and nearly 60% of the structural retrofits had been completed, with final 

certification issued. The success of the program was judged by our review and by interviews with 

participants. Some of the key reasons for the success include: 

• The program was well thought out and was developed after detailed investigation and in collaboration 

with numerous stakeholders. 

• The focus was on the “low-hanging fruit”; identifying a key vulnerability with a solution that was 

relatively simple to implement. 

• Financing options were provided, and workshops were held to encourage the flow of information 

among the building department, developers, property owners, and lender representatives. 
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• There was a clear mandate in the form of a legally binding city ordinance that specified the time horizon, 

the legal basis, the enforcement mechanism, and the consequences of noncompliance. 

• The city implemented an outreach program, including pamphlets and brochures. Just as important, there 

was (is) transparency through the building department website, which provides information about and 

the compliance status for all buildings in the program, with searchable links. 

4.1.11.2 Applications to other localities 

The success of the San Francisco soft-story retrofit program can be applied in other countries. In many 

countries, the aftermath of an earthquake (or other natural disasters) provides an opportunity to initiate such 

programs. The public and the government will be looking at ways to mitigate such an occurrence in the 

future to preserve lives and economic assets. It is important to develop proper planning and to assemble a 

wide group of stakeholders, such as investors, engineers, government officials, and the public, to ensure 

that the scope of program meets the often-conflicting needs of different groups. It is also important to 

develop a long-horizon plan for such activities. In the case of San Francisco, it has taken years and even 

decades to plan a program, to start the program, and to achieve such a high rate of compliance. This timeline 

is to be expected, because significant preparatory work must be undertaken before a robust plan is finalized. 

Seismically resilient construction in other countries would, by definition, include higher initial costs. Thus, 

it is important to develop educational and communication materials to extensively inform the public and 

other relevant stakeholders about the benefits of such programs. At the same time, financial assistance from 

the public or the private sector is critical to encourage and to expand the program.  

Finally, meeting with and learning from municipalities that have initiated such programs are invaluable 

steps. There are always lessons to be learned from completed programs, and those lessons help save time 

and resources for counties and cities that are considering undertaking such programs. To collect 

information, good resources are city officials, practicing engineers, contractors, and representatives from 

real estate industry. 
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4.2 City of Los Angeles earthquake hazard reduction for multistory wood-frame buildings  

4.2.1 Project background 

In October 2015, the City of Los Angeles passed Ordinance 183893 (City of Los Angeles 2015a), which 

mandates earthquake hazard reduction for existing multistory wood-frame buildings that have soft, weak, 

or open-front walls and that were built to standards enacted before 1978.  

The collapse vulnerability of these structures is due to the soft, weak, or open-front walls on the ground 

floor that accommodate parking. This building feature is known as “tuck-under parking.” Apartment 

buildings with tuck-under parking are very common in California, and tens of thousands of these structures 

were built from the 1950s through the 1970s. The soft-story hazard was not generally considered in building 

design practice until it was required by the building code standards that were adopted in 1978, which were 

based on the 1976 Uniform Building Code (ICBO 1976).  

During the 1994 Northridge Earthquake, many multistory wood-frame buildings with tuck-under parking 

that had been designed before 1978 performed poorly and collapsed, causing loss of life, personal injury, 

and property damage (PPIC 2006). Figure 16 (LADBS 2019) shows an example of a collapsed soft-story 

building. Also shown in Figure 16 is an example of a similar residential building currently occupied in Los 

Angeles; this building type is commonly seen throughout California. Two-thirds of the approximately 

49,000 housing units that were rendered uninhabitable by the Northridge Earthquake were soft-story 

buildings (City of Los Angeles 2016a). With an acute housing shortage in Los Angeles at the time of the 

Northridge Earthquake, this impact on housing from a major earthquake could not be ignored. 

 
 

Damaged during the 1995 Northridge Earthquake Currently occupied building in Los Angeles 

 Example of buildings with tuck-under parking in Los Angeles (LADBS 2019) 

Ordinance 183893 was established to promote public welfare and safety by reducing the risk of death or 

injury resulting from earthquake damage to existing wood-frame multistory buildings with soft, weak, or 

open-front walls. The ordinance was signed into effect in October 2015, after years of studying the damage 

causes and effects and after securing buy-in from numerous stakeholders. 

The City of Los Angeles has a Rent Stabilization Ordinance, which provides certain tenant rights and limits 

rent increases on all apartment buildings that were constructed before October 1978. This ordinance 

prevents property owners from evicting tenants or significantly raising rents, even if mandatory retrofit is 

required. As a compromise to consider the interests of apartment owners, the mandatory retrofit ordinance 

contains a provision that allows up to half of the retrofit cost to be passed on to tenants in the form of a 

limited rent increase over a specified period. 
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The key objectives of the ongoing retrofit program include the following: 

• Improve the performance of soft-story buildings during earthquakes and reduce loss of life, injuries, 

and earthquake-related damage. 

• Protect the housing stock and increase resilience to earthquakes.  

• Create a streamlined seismic retrofit permitting process and adopt uniform engineering standards for 

the evaluation and retrofit of these buildings. 

• Balance the interests of property owners, tenants, and the greater community.      

4.2.2 Building tiers and retrofit program 

A citywide survey was conducted to identify and to map all the multistory buildings with soft, weak, or 

open-front wall lines that had been permitted before 1978. Addresses were obtained from the city’s housing 

department and from the county property tax assessor’s records. The addresses were cross-referenced with 

city building permit records to confirm the permit date, type of construction, and building use, with visual 

confirmation from aerial map applications. In-person visual confirmation of each address was also carried 

out, including a written report with photos (City of Los Angeles 2018b). Through this process, 13,821 

buildings were identified as possibly vulnerable, as shown in Figure 17 (Schleuss and Xia 2016). 

 
 Number of soft-story buildings identified as possibly vulnerable in Los Angeles County  

(Schleuss and Xia 2016) 



 

 

Resilient Housing Best Practices and Lessons Learned: United States and Japan  39 

 

 

Buildings were prioritized based on occupancy, number of dwelling units, and height of the building, as 

follows: 

• Priority 1a: Buildings that contain 16 or more dwelling units, three stories and higher 

• Priority 1b: Buildings that contain 16 or more dwelling units, two stories 

• Priority 2: Buildings with three or more stories and less than 16 dwelling units 

• Priority 3a: All other buildings not under Priority 1 or 2, with 9 to 15 dwelling units 

• Priority 3b: All other buildings not under Priority 1 or 2, with 7 to 8 dwelling units 

• Priority 3c: All other buildings not under Priority 1 or 2, with 4 to 6 dwelling units 

• Priority 3d: All other buildings not under Priority 1 or 2, condominiums or commercial use 

4.2.3 Workflow and schedule 

Building owners were sent a preliminary notice indicating that their property might have a soft-story seismic 

vulnerability and might be subject to the ordinance. A 60-day appeal window was established in case 

buildings had been misclassified or previously retrofitted. Orders to Comply were issued to building owners 

based on the building’s priority. 

The ordinance established a compliance timeline, as shown in Table 16 (City of Los Angeles 2015b). The 

action plan consisted of one of the following: (i) proof that the building was already retrofitted; (ii) structural 

analysis calculations that showed compliance; (iii) a report of structural analysis and a plan for retrofit; or 

(iv) plans for demolition. 

Type 
Permit 

submittal 

Obtain 

permit 

Retrofit 

completion 

or 

demolition 

Soft story 2 3.5 7 

 Compliance schedule, years (City of Los Angeles 2015b) 

4.2.4 Legal mandate and enforcement 

Compliance with the city ordinance is mandatory. Owners who miss compliance deadlines are subject to 

fines and possible imprisonment. A Certificate of Substandard Property lien is recorded against properties 

that do not meet the minimum standards of the ordinance. This lien adversely affects an owner’s ability to 

sell or to refinance the property. 

Because of the large number of buildings involved, a special division, the High-Rise and Seismic Retrofit 

Division, within the Los Angeles Department of Building and Safety was established to implement the 

program and to assist property owners with compliance.  

The ordinance requires that owners notify occupants about the soft-story earthquake vulnerability. In 

addition, for apartments, the Tenant Habitability Program aims to protect the rights of tenants and requires 

approval from the city’s housing department to ensure tenant habitability during the retrofit (City of Los 

Angeles 2015a).  

The Tenant Habitability Program requires that tenants be notified about the specific impacts that a retrofit 

might have on them, with a 20-day right of appeal. It also places limits on the retrofit construction activity 

to ensure that the apartment remains habitable throughout the construction. Tenants who are adversely 

affected by the retrofit, either temporarily or permanently, might be eligible for fair compensation by the 

owner. 

Multifamily buildings with three or fewer dwelling units and single-family residences, although numerous 

and also potentially vulnerable, have been exempted from the retrofit program (City of Los Angeles 2015a). 
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Owners of these properties have the option to voluntarily upgrade their structures, but there is no mandate 

to do so. If owners opt to voluntarily upgrade these structures, the city will refer them to similar resources 

and standards as are used for the mandatory retrofits. 

4.2.5 Retrofit standards 

The Los Angeles city ordinance outlines several recognized standards that should be adhered to when an 

evaluation or a retrofit is undertaken to eliminate seismic vulnerability for soft, weak, or open-front wall 

wood-frame buildings; see Table 17 (City of Los Angeles 2015a). 

Standard Application Performance objectives 

ASCE 7 Evaluation or retrofit 
Strength of lateral system >=75% of the seismic base shear for new 

buildings 

ASCE 41 Evaluation or retrofit Basic Safety Objectives of the standard 

Alternate Evaluation or retrofit Requires city approval 

 Acceptable standards for the seismic retrofit program (City of Los Angeles 2015a) 

4.2.6 Financing 

Several aspects of financing apply to this program, including the following:  

• Retrofit costs vary widely, based on market forces and the number of bids that are solicited. On average, 

retrofit costs per building vary from US$40,000 to US$160,000, depending on the building size and 

complexity of the retrofit (City of West Hollywood 2017). Retrofit costs per dwelling unit range from 

US$5,000/unit for smaller properties to over US$10,000/unit for larger properties (City of Santa 

Monica 2016).  

• No public funding is available to cover soft-story retrofit costs.  

• Several options are available for private lenders to provide retrofit financing to property owners. 

• PACE financing is available, allowing property owners to finance the retrofit as a property tax 

assessment.  

• Similar to the program in San Francisco, through the CalCAP/Seismic Safety Financing Program, a 

credit enhancement is provided to participating lenders who work with California’s small business and 

residential property owners. This credit enhancement guarantees payment of up to US$250,000 on 

certain loan defaults (CAPCAP 2019). 

• Property owners who hold equity in their property can obtain a loan that is secured by the equity to 

cover their retrofit costs.  

• This program includes some cost recovery. The city ordinance allows up to half of the retrofit costs to 

be passed on to tenants in the form of rent increases, not to exceed US$38/month, for up to 120 months. 

• Rather than achieve compliance themselves, some property owners elect to sell the property to others 

who are more experienced in compliance with the ordinance. Transfer of a title on a property that is 

subject to the ordinance does not change the compliance deadlines (City of Los Angeles 2015a). 

4.2.7 Public outreach 

The City of Los Angeles hosted the Seismic Retrofit Resource Fair in both 2016 and 2017 to educate 

property owners; see Figure 18 (City of Los Angeles 2016b). The fair provided information about the 

ordinance and hosted private-sector exhibitors who offer financing, real estate, engineering, and 

construction services for soft-story compliance. These fairs gave homeowners an opportunity to learn about 

various products and the services that are available to help them build relationships with suppliers.  
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 Pamphlet about the Seismic Retrofit Resource Fair (City of Los Angeles 2016b) 

4.2.8 Implementation 

As of July 6, 2018, two years after the first Orders to Comply were issued, the program results were as 

follows (City of Los Angeles 2018a): 

• Out of the 13,821 buildings that were initially identified, 1,037 were subsequently exempted because 

they either had been misidentified, or did not have a soft-story deficiency, or had previously been 

retrofitted. These exemptions reduced the total to 12,784. 

• Of the 12,784 vulnerable buildings: 

o 114 missed the first compliance deadline of two years (<1% delinquency).  

o 5,345 met the two-year compliance deadline, with 7,439 pending compliance. 

o 2,276 have had retrofit permits issued, and of those buildings, 912 have been completed (7% 

of total vulnerable buildings).  

4.2.9 Evaluation 

To assess the success of the programs, ways to improve, and lessons learned, the authors of this report 

conducted interviews with participating practicing engineers; see Table 18 for example responses. 
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Kyle White, Project Manager (MHP Structural Engineers) 

No. Question Response 

1 

If you were involved in the development of 

the program for the city, please describe 

your level of involvement. 

N/A 

2 
Please describe how you participated in the 

retrofit program. 

Consulting structural engineer representing property 

owners and prospective buyers. 

3 

To your knowledge, please describe how 

the community outreach programs were 

conducted to gather support for the 

program. 

Have not participated in or seen the community outreach 

programs conducted. 

4 

Please describe how the financing for the 

retrofit work was secured on the retrofit 

projects. 

Privately funded. 

5 

Please describe if the city provided 

technical assistance to the property owners 

under this program. 

None provided. 

6 
Please describe what you consider as the 

strong points of the program. 

The compliance timeline (25 years to completion) for 

Ordinance 183983 is reasonable and allows building 

owners to plan ahead strategically to minimize impacts to 

tenants. 

7 
Please describe how you would improve the 

project in order to reach 100% compliance. 

Additional follow-up with building owners could help 

improve awareness, ensure that property owners receive 

proper notice, and remind owners that compliance 

milestones are approaching. 

8 
Would you recommend this approach to 

other cities? 

I would recommend the compliance timeline as a good 

model for other cities.  

9 

What are the most important lessons 

learned from this project that can be used in 

implementation elsewhere? 

It should be communicated far more clearly that seismic 

retrofit work is interpreted by the City as triggering disabled 

access upgrades, even if no renovation or architectural 

scope is planned. 

10 Please add any other comments. 

It would seem appropriate to “lock in” the design Code of 

Record as part of the Ordinance. As an example, code 

changes from ASCE 41-13 to 41-17 could put a 

substantially heavier burden on an owner retrofitting in 

2019 versus 2020, even though both easily meet the City’s 

compliance timeline of 10 years from notice. 

 Practicing structural engineer respondent example 

 

4.2.10 Key Takeaways 

The following are key takeaways from the Los Angeles case study: 

• A properly implemented retrofit program decreases the likelihood of loss of life, personal injury, and 

property damage. 

• The program decreases liability for property owners. 

• By reducing potential damage from an earthquake, the program helps protect property owners’ 

investments.  
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• The program improves the resilience of the city’s housing stock. 

• Adequate outreach and education increase awareness of seismic safety for building owners, building 

occupants, and the public. 

• The program supports the local construction and finance industries. 

• The City of Los Angeles soft-story ordinance has served as a model for other cities and jurisdictions 

locally that have adopted similar ordinances. 

• Many property owners are unfamiliar with seismic retrofit and construction. Some market forces create 

a demand for low-cost retrofits that might not be of high quality.  

• Over the same period as the program, average rents and property values have increased. There appears 

to be no negative impact on property value, but the threat of a lien filed on the title seems to be a 

motivation for retrofitting. 
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4.3 California Earthquake Brace + Bolt Program   

4.3.1 Project background 

A cripple wall, as seen in Figure 19 (CRMP 2019), is a partial-height wall that extends from the foundation 

to the first framed floor. Cripple walls generally enclose crawl spaces but are also found in partial 

basements. This style was very popular for the first floors of many west coast homes until the 1950s and is 

still is somewhat common today.  

Cripple-wall failures have been commonly seen in moderate to major earthquakes. Common failure modes 

of a cripple-wall foundation are illustrated in Figure 20 (Earthquake Safety, Inc. 2014). The 1994 

Northridge Earthquake caused US$20 billion in property damage due to the failure of wood-frame 

structures. More than 29% of the damaged units were red-tagged. The Loma Prieta Earthquake in 1989 

damaged 2,000 housing units in Watsonville, California; more than 1,000 housing units in Oakland; and 

5,100 housing units in San Francisco. A significant, but not quantified, portion of the losses of wood-frame 

structures in both earthquakes was caused by damage to cripple walls and their collapse in older houses 

(Chai et al. 2002). A future earthquake of magnitude of 7.2 or higher in the San Francisco Bay Area could 

possibly render 150,000 housing units uninhabitable (Cook 2006).  

 

 Typical cripple-wall components (CRMP 2019) 

 

 

 Common failure modes of cripple walls (Earthquake Safety, Inc. 2014) 

Reducing these potential cripple wall failures can provide a large improvement in earthquake safety at a 

small cost. Building code requirements for new dwellings now mandate that plywood or oriented strand 

board (OSB) sheathing be used to brace cripple walls in high-seismic-hazard areas. However, these code 
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requirements are relatively recent, and many existing buildings are not braced or are braced with other 

materials that perform poorly during earthquakes.  

Another source of cripple-wall failure is the use of inadequate anchor bolts to secure the walls to the 

foundation, a condition that is found in many older buildings. In California, anchor bolts began to be 

commonly used in the 1950s, though the timing varies per locality. In moderate to major earthquakes, it is 

very common for dwellings to slide off their foundations because of a lack of anchorage to the foundation. 

Rehabilitation of inadequate anchorage also provides a large improvement in earthquake bracing at a very 

low cost.  

The Earthquake Brace + Bolt (EBB) program was developed in 2013 by the California Earthquake 

Authority (CEA) and the California Governor’s Office of Emergency Services (Cal OES). EBB is a state-

supported program that offers homeowners funding for a specific code-compliant seismic retrofit to ensure 

that the work is performed correctly. Janiele Maffei, Chief Mitigation Officer of CEA and Executive 

Director of EBB, explained the goal of the EBB program (Insurance Journal 2018): 

More than 1.2 million homes in high-seismic-hazard areas of the state are particularly 

vulnerable to earthquakes because of the type of construction.  

This program aims to reduce the number of Californian homes that will be severely 

damaged by the next big earthquake—and improve the ability of communities to recover 

by increasing the probability that these homes remain safe and available for shelter.  

Historically, retrofits were often incomplete and were not based on a uniform best-practice building code, 

as the following excerpt from APA – The Engineered Wood Association (APA 1997) exemplifies:  

In 1989, at the corner of Center and Elm streets in downtown Santa Cruz, California, 

architect Michael O’Hearn unwittingly created a laboratory for the study of structural 

wood panels in seismic design applications. On that corner, at 214 and 210 Elm Street, 

were two identical Victorian style homes. He started with #210, installing APA Rated 

structural wood panels as a shear element on cripple wall framing. The sill plate was 

also bolted to the foundation. O’Hearn was well aware of the shear resistance provided 

by structural wood panels and knew of their value in seismic design applications.  

“The plywood served as our shear element throughout,” he said.  

Unfortunately, there was no time to install structural wood panels at #214 before 

October 17, 1989—the date of the 7.1 magnitude Loma Prieta earthquake.  

“The building (at 214 Elm Street) came apart in four sections,” O’Hearn said. “Five 

people were in the house when the quake struck, but luckily, no one was seriously 

injured.”  

By contrast, 210 Elm Street, with its structural wood panel shear walls, suffered only 

minor damage. “The one that we had done some seismic structural work on (#210) 

probably cost us US$5,000 to repair. The other one (#214) cost us US$260,000 to 

repair,” he said. “The whole building had to be jacked up and slid back together on a 

new foundation.” 

The houses that qualify for the EBB program typically: 

• Were constructed before 1980 (buildings with a cripple wall foundation were most commonly built 

before the 1950s) 

• Have a raised concrete foundation that is continuous around the perimeter; 

• Are founded on level or mildly sloping ground; and 
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• May have wood-frame (cripple) walls in the low-height crawl space underneath the first floor. 

4.3.2 Workflow and schedule 

4.3.2.1 Eligibility 

The EBB program applies to specific cities, and eligibility is based on ZIP codes.9 The complete list of 

EBB-eligible ZIP codes is available on the EBB website. Earthquake risk and vulnerability are the two 

main measures that are considered for the selection of the ZIP codes. The U.S. Geological Survey (USGS) 

earthquake hazard map is the reference that EBB uses for earthquake risk assessment, and earthquake 

vulnerability is defined as the percentage of the pre-1940 houses in the ZIP code. 

Applicants who are eligible to receive financial support must own a qualifying house in an EBB ZIP code 

and must: 

• Use the house as their primary residence; and 

• Reside in the house when registering for the program and after completing the retrofit. 

4.3.2.2 Registration and selection 

To participate in the program, individual homeowners either register through the EBB website or submit a 

paper application by mail during a specified 30-day application period each year when those who reside 

within a certain ZIP code can apply. The EBB website lists qualification questions that homeowners can 

answer in advance to determine whether their house qualifies for the program. If the house qualifies, the 

homeowner is allowed to complete their registration and authorizes EBB to contact them by text or by email 

regarding the status of their application. 

When the EBB eligible ZIP codes are selected, EBB also determines the number of Participating 

Homeowner incentive payments that it will award. 

4.3.2.3 Acceptance as an EBB Participating Homeowner 

When the registration period ends for a specific ZIP code, a computer system randomly selects qualified 

homeowners. All homeowners who applied receive email notifications that state whether they have been 

selected to become Participating Homeowners or have been placed on a waitlist for eligible homeowners, 

to be selected as space becomes available. 

4.3.2.4 Time frame for incentive payments 

After Participating Homeowners are notified that they have been accepted into the program, they must visit 

the EBB website within 30 days of the notification date. Each Participating Homeowner has an online 

homeowner dashboard to upload all the required documentation and photographs (following a checklist of 

required images/photographs for the assessment of grant eligibility).  

Within 60 days of receiving the program-acceptance email from EBB, the Participating Homeowner must 

obtain a building permit from the local building inspection department. The seismic retrofit work must be 

completed within six months of the building permit issuance date. Within 30 days after completion of the 

retrofit, the Participating Homeowner must submit to EBB through the online link the building permit, 

photographs showing the completed retrofit work (following a checklist of required images/photographs to 

verify completion and adequacy of the retrofit work), invoices and receipts of the retrofit-related expenses, 

and tax-related documents. 

 

9 A ZIP code is a postal code that is used by the United States Postal Service to assist in the sorting of mail.  
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4.3.2.5 Payment and tax reporting 

After final approval by EBB, incentive payments are mailed within four weeks to Participating 

Homeowners. The incentive payment must be reported as taxable income by Participating Homeowners on 

their Internal Revenue Service tax forms. 

4.3.2.6 FEMA-trained contractors 

To ensure proper retrofits, EBB offers free FEMA seismic retrofit training to California licensed 

contractors. FEMA-trained contractors are listed on the EBB Contractor Directory, from which 

Participating Homeowners must choose their contractor. EBB updates this list as more contractors finish 

FEMA training. The EBB website also includes a public education section that provides retrofitting basics 

and rehabilitation plans. The homeowners have the option to do the retrofit work themselves by following 

the provided instructions. 

4.3.2.7 Retrofit inspections 

EBB reserves the right to inspect the seismic retrofit work before it issues payment. Many local building 

departments also require a building permit and inspection before the retrofit work is conducted. As a 

condition of receiving payment, copies of building department permits and photographs of the work 

performed must be uploaded to the EBB website for review. 

4.3.3 Legal mandate and enforcement 

The State of California has adopted the California Existing Building Code (CEBC) Appendix Chapter A3: 

Prescriptive Provisions for Seismic Strengthening of Cripple Walls and Sill Plate Anchorage of Light, 

Wood-Frame Residential Buildings (CBSC 2016). These provisions have been in effect since January 1, 

2011. Although they are not mandatory, the provisions are available to property owners who implement 

voluntary seismic rehabilitation, and they are intended to provide a measurable target for seismic 

rehabilitation work.  

4.3.4 Retrofit standards 

For the EBB program, the building code provisions that are specific to voluntary seismic retrofits apply. 

Voluntary seismic retrofits do not require full code compliance. However, each local jurisdiction has a set 

of criteria that must be followed when implementing seismic rehabilitation. These criteria include a 

threshold on the extent and type of construction work that can be performed on structures; if the level of 

work exceeds that threshold, then full code compliance is required.  

The starting point for seismic rehabilitation work is Chapter 34 of the California Building Code (CBSC 

2013), in which alterations to existing buildings are addressed. Voluntary seismic retrofit work typically 

falls under Section 3404.5 of the CBC, which allows the type of work that is part of the EBB seismic retrofit 

effort.  

Discussions about alterations and additions are also included in the California Residential Code (CRC) 

(CBSC 2016). The CRC can also be used for guidance on prospective rehabilitation measures. In addition, 

Appendix Chapter A3 of the CEBC (CBSC 2016) addresses anchorage to foundations and cripple-wall 

bracing in dwellings. 

4.3.5 Financing 

EBB was developed to help homeowners reduce the potential for damage to their houses during an 

earthquake. The program is funded with US$8 million from CEA, US$300,000 from FEMA, and 

US$6 million from the State of California (CEA 2018). Owners of houses that are within the program’s 

ZIP codes and that have building characteristics that are suitable for this type of retrofit, which must be in 

accordance with CEBC Appendix Chapter A3, might be eligible for an incentive payment of up to 

US$3,000 to help cover the cost to retrofit their houses. 



 

 

Resilient Housing Best Practices and Lessons Learned: United States and Japan  48 

 

 

Most commonly, homeowners hire a professional contractor to perform the retrofit work rather than doing 

it themselves. A typical retrofit costs between US$3,000 and US$7,000, depending on the location and size 

of the house, contractor fees, and the amount of material and effort involved. For the experienced “do-it-

yourself” homeowner, a retrofit can cost less than US$3,000.  

CEA also offers premium discounts of up to 20% on earthquake insurance policies for houses that have 

qualified retrofits. 

4.3.6 Public outreach 

EBB program outreach (see Figure 21) includes notifying the public about the target ZIP codes through 

community leaders and through a Community Outreach Kit (CRMP 2019). The kit comprises free materials 

that make it easy to promote the EBB program, including the following tools: 

• Postcards with a custom logo and return address, for use by nonprofit organizations or local 

governments 

• A one-page handout about the EBB program 

• A template for a press release that provides information and quotes about EBB 

• A slide-show presentation for use at community meetings 

• Sample text for use on social media, in newspaper and magazine articles, or in outreach emails 

To provide the necessary information and education for the public, a comprehensive website has been 

developed for the program. EBB program officials also extensively use social media such as Twitter, 

newspapers, magazines, and other online platforms for public outreach and to disseminate information 

about the program. 

 
 

 Brochures for the EBB program (CRMP 2019) 
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4.3.7 Implementation 

In 2018, five years after the EBB program had been established, the program had grown from four ZIP 

codes to 180 ZIP codes. As of February 2018, EBB had funded more than 4,250 retrofits. In the same year, 

more than 7,500 California homeowners applied for 2,000 retrofit grants. For various reasons, usually about 

40% of accepted homeowners complete the program, so the number of homeowners who are admitted to 

the program usually exceeds the number of funded retrofits. As CEA CEO Glenn Pomeroy stated in 2018 

(Jergler 2018): 

A record number of Californians signed up for EBB this year, and that is another 

indication of the growing awareness in our state of the need to become better prepared 

for the next damaging earthquake.  

To participate in the program, houses must meet certain requirements. For example, the units must be in 

areas of high seismicity, such as the San Francisco Bay Area or the Los Angeles Basin. Therefore, the 

program does not apply to the entire state. Furthermore, each application is reviewed and processed by 

FEMA. Thus, the number of approved applicants and expansion of the program are subject to FEMA review 

and available funds for the fiscal year. In July 2019, CEA expanded the policyholder eligibility for the 

program. Retrofit grants will now be offered to approximately 30,000 policyholders, and the earthquake 

insurance premium discount has been increased to up to 25% for houses that are retrofitted (CEA 2019b). 

4.3.8 Implementation 

In June 2018, CEA Chief Mitigation Officer and EBB Executive Director Janiele Maffei said (CEA 2018): 

EBB was a pilot program in just two California cities only five years ago…Today, EBB grants are 

available in more than 50 cities and 180 ZIP Codes, statewide. We will announce even more ZIP 

Codes next year—with 1.2 million California houses needing this kind of retrofit, we have more 

work to do. 

EBB is rapidly building momentum, and the number of California homeowners who register for the 

program increases every year. In 2018, EBB experienced a 70% increase in registration from 2016 and a 

31% increase from 2017. CEA also had a huge increase in insurance policies in force after unprecedented 

policy sales in 2016 and 2017. As of June 2018, over one million earthquake insurance policies are in effect, 

and over 5,000 retrofits have been completed (CEA 2018). 

4.3.9 Evaluation 

The data in the aftermath of the 1989 Loma Prieta earthquake can be used to assess the cost-effectiveness 

of the program. Prior to that earthquake, the San Francisco Bay area had a pool of elevated slab buildings. 

While some of the houses had been retrofitted to mitigate the cripple wall vulnerability, a large number had 

not. 

• Scoggins (1997) notes that after the Loma Prieta Earthquake, the average cost of repair for buildings 

with cripple wall damage was $US25,000 to $US30,000, with many homes enduring such severe 

damage that they had to be demolished. By contrast, the cost to retrofit buildings with cripple walls was 

estimated at $US1,500 to $US2,500. Thus, by seismically retrofitting buildings with cripple walls, a 

cost saving with a factor of 10 or more is achieved in long-term.10 

• EERI (2006) Notes that the typical cost for the seismic retrofit of a house with cripple walls is between 

$2,000 to $5,000. However, the worst-case scenario repair far exceeds this expenditure by a factor of 

10 or more.  This value if amplified further when the increased cost of earthquake insurance premiums, 

and lower sale price (because of disclosures) are included.11  

 

10 1997 costs not adjusted for inflation. 
11 2006 costs not adjusted for inflation. 
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4.3.10 Key Takeaways 

The EBB program was developed to mitigate cripple-wall and raised-foundation deficiencies in older 

residential wood-frame houses in high-seismic areas throughout California. Previous major earthquakes, 

such as Northridge and Loma Prieta, have demonstrated that these types of houses are susceptible to 

significant damage, which can impose significant financial losses on homeowners and their communities. 

During a moderate or severe earthquake, these buildings could be extensively damaged through either 

collapse of their cripple walls or sliding of the buildings off their raised foundation. Though typically not 

life-threating, this type of damage often leaves the building uninhabitable and contributes to housing 

shortages. 

Therefore, the California government developed the EBB program in 2013 to provide funding that targets 

for retrofit houses in the most vulnerable regions of the state. The program includes an information 

campaign that is directed at homeowners, a website with technical resources, and training for contractors 

to properly conduct the retrofit program. The program is growing, with significant increases in the number 

of applicants from year to year. By June 2018, over 5,000 houses have been retrofitted using this program 

The program offers a cost-effective retrofit solution. The retrofit cost, part or all of which is covered through 

grants, results in large cost savings in the event of a future earthquake. In addition, the retrofit is not intrusive 

and can be completed in a short time period.  
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5. EXAMPLES OF RESIDENTIAL RETROFIT PROGRAMS IN JAPAN 

5.1 TOUKAI-0—Shizuoka Prefecture retrofit program 

5.1.1 Project background 

Japan’s Tōkai region is 200 km (125 mi.) southwest of Tokyo, centered on Shizuoka Prefecture. The Nankai 

Trough, a huge submarine trough with an underlying seismic fault, runs along the seabed to the south of 

the Tōkai region and causes a large earthquake every 100 to 150 years. Because the last major earthquake 

on the fault, the 1854 Ansei-Tōkai Earthquake, struck more than 150 years ago, the next major earthquake, 

with an estimated 8.0 magnitude, is expected to occur soon. It is estimated that this earthquake could cause 

approximately 5,900 deaths, 18,700 serious injuries, and 85,700 moderate injuries. In addition, 

approximately 750,000 buildings in Shizuoka Prefecture are expected to be damaged. Therefore, disaster-

prevention measures against the next Tōkai Earthquake are critical for the area (Masatoshi et al. 2004). 

Local governments in the Tōkai region are working on earthquake resistance through the TOUKAI-0 

project. An important focus of the project is on buildings that were designed before 1981 and buildings that 

were designed to the old Japanese standards, both of which are less resistant to earthquakes. In Japan, the 

Building Standard Law was revised in 1981. In a major earthquake after that time, 1995 Kobe earthquake, 

damage was majorly concentrated in buildings that had been designed before the law was revised in 1981. 

Therefore, the national and local governments recommend that these buildings undergo seismic evaluation 

and retrofit.  

Seismic evaluation includes assessment of the superstructure of wooden houses based on the widely used 

standard (JBDPA 2006). Buildings with a superstructure that receives a seismic performance score of less 

than 1.0 are considered to need seismic reinforcement. Although there is no legal requirement to retrofit 

these buildings, earthquake resistance is being promoted by issuing subsidies from local governments. The 

name “TOUKAI-0” encompasses the dual meaning of the Tōkai region and the Japanese word for 

“collapse,” and it implies the goal of having zero buildings collapse as a result of an earthquake that strikes 

the region. Other project goals include the following: 

• By granting subsidies, the project promotes earthquake resistance of wooden houses and aims to reduce 

the loss of life, injuries, and damage that would be caused by an earthquake. 

• With public outreach efforts, the project aims to inform communities about and promote the goal of 

earthquake resistance.  

• TOUKAI-0 also improves the seismic performance of buildings along roads where emergency vehicles 

travel during earthquake response (buildings beside roads that are used for emergency transportation), 

as well as block walls and ceilings in buildings.  However, this study focuses on the wooden house 

retrofit. 

5.1.2 Building tiers and retrofit program 

5.1.2.1 Wooden homes (seismic performance score is less than 1.0) 

The TOUKAI-0 program focuses on one building category or tier: those with a superstructure seismic 

performance score of less than 1.0.  

The program offers the supports to owners of wooden houses that were built before 1981 as follows: 

• Free evaluations from earthquake experts. Owners of wooden houses that were built before 1981 

can receive a free evaluation of the earthquake resistance of their home by an expert. Specialists in 

seismic screening and evaluation will be dispatched to relevant homes. If the evaluation score is less 

than 1.0, subsidies for seismic reinforcement will be issued by local municipalities of Shizuoka 

Prefecture. 
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• Creation of a reinforcement plan. After the evaluation, if retrofit is deemed necessary, a retrofit plan 

will be created by expert or engineer. A subsidy of two-thirds (which is the upper limit) of the retrofit 

cost might be offered by local municipalities. The program (i.e., managed by Shizuoka prefecture) also 

provides extra subsidy to households that have only elderly residents. 

• Seismic reinforcement work. For earthquake-resistant reinforcement work on a wooden house, a 

subsidy of US$2,700 to US$10,000 (JP¥300,000 to JP¥1.1 million) is offered by local municipalities. 

The exact amount of the subsidy depends on the requirements of each municipality. In addition, to 

qualify for the subsidy, the retrofitted building must obtain a score of at least 1.0 upon final evaluation. 

For households with only elderly residents, additional subsidy is provided by the program (Shizuoka 

Prefecture 2019). 

5.1.2.2 Other seismic reinforcement 

In addition to structural evaluation and retrofit, the program supports some seismic upgrades for 

nonstructural components.  Seismic retrofit of ceilings in buildings, repair and removal of block walls, and 

disaster-prevention measures for elevators are also eligible for subsidy grants. 

5.1.3 Workflow and schedule 

According to the 2013 Statistical Survey of Housing and Land, among the approximately 1.38 million 

residential buildings in Shizuoka Prefecture, about 1.14 million homes have seismic resistance, which is a 

rate of 82.4%. During theTOUKAI-0 planning process in 2003, the earthquake-resistance rate was 72.9% 

of homes; therefore, over the next 10 years, the rate improved by 9.5% through the basic workflow 

described in 5.1.2.1 (Shizuoka Prefecture 2019). 

In Shizuoka Prefecture, efforts are being made to reduce the damage level that is indicated in the “Shizuoka 

Prefecture Fourth Earthquake Damage Estimation” as much as possible. In 2013, those efforts began to 

include tsunami measures, and the main targets for action include building damage, fire, mountain 

landslides, and other landslides. As a result, the Shizuoka Earthquake and Tsunami Countermeasure Action 

Program was developed in 2013 in order to expedite the seismic retrofit of houses encouraged by TOUKAI-

0 program. The aim is to reach a rate of earthquake-resistant houses of 95% by the end of 2020. The overall 

goal is an 80% decrease in human injury and life loss from the large scenario earthquake that is the basis 

for the disaster reduction target (Shizuoka Prefecture 2019). 

5.1.4 Legal mandate and enforcement 

In Japan, usually building owners voluntarily perform earthquake-resistance evaluation and retrofit. These 

efforts are not carried out by national or local governments and are not mandatory. The main purpose of 

the TOUKAI-0 program is to support seismic evaluation and reinforcement costs, and it is not legally 

binding. 

5.1.5 Retrofit standards 

In Japan, “Seismic Performance Verification Method of Wooden Houses According to the New Earthquake 

Resistance Standard” from the Japan Building Disaster Prevention Association (JBDPA 2006) is widely 

used as a standard for evaluation of earthquake resistance in wooden houses. 

By using this standard, the superstructure of a wooden house is evaluated. Based on the resulting 

superstructure score (Iw), the likelihood that a wooden house will collapse during the design earthquake is 

determined; see Table 19. For a building to meet the target seismic performance, Iw must be 1.0 or more. 

This score is a standard that is used to evaluate the seismic performance of an old building and cannot be 

compared directly with the performance of a new building. However, if Iw is 1.0 or more, it can be assumed 

that there is almost no possibility of collapse, similar to a new building (JBDPA 2006). 

 



 

 

Resilient Housing Best Practices and Lessons Learned: United States and Japan  53 

 

 

Superstructure score (Iw) Performance 

1.5 or more No collapse 

1.0 or more ～ less than 1.5 Some damage but no collapse 

0.7 or more ～ less than 1.0 Possibility of collapse 

Less than 0.7 High possibility of collapse 

 Assessment standard for earthquake resistance of wooden houses (JBDPA 2006) 

5.1.6 Financing 

The TOUKAI-0 program includes the following financing aspects: 

• In addition to the aforementioned subsidies for housing retrofit, if applicants meet certain conditions, 

they might be eligible to receive a loan from the Japanese Housing Finance Agency, an independent 

administrative agency, for expenses that are related to seismic retrofit. 

• The cost of retrofitting a wooden house ranges from US$9,000 to US$14,000 (JP¥1 million to 

JP¥1.5 million). Homeowners can receive subsidies from local municipalities under this program, but 

a portion of the costs must be paid by the homeowners themselves. The financial burden might be heavy 

on some households (JBDPA 2012). 

5.1.7 Public outreach 

Public-relations activities for TOUKAI-0 have been carried out by using various media outlets, such as 

television, radio, and magazines. Informative brochures have been developed and distributed; see Figure 

22. A seminar was also given in 2004, which brought together top-level decision makers, including the 

governor, city mayors, and other stakeholders, to emphasize the need for the retrofit program. 

 

  
 Brochures about TOUKAI-0 (Shizuoka Prefecture 2019) 
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5.1.8 Implementation 

The traditional goal of disaster prevention (damage = 0), although ideal, is realistically impossible to 

achieve. Therefore, the aim of the TOUKAI-0 program is to reduce the potential damage as much as 

possible by analyzing the cause of the assumed damage and by making the best use of available resources 

to remedy it. The TOUKAI-0 project aims to reduce to the greatest extent possible the number of deaths 

that are caused by building collapse. 

Based on calculations from the latest Statistical Survey of Housing and Land conducted in 2013 by the 

Ministry of Internal Affairs and Communications, the approximate rate of earthquake-resistant houses in 

Shizuoka Prefecture was 79.3% in 2008 and was 82.4% in 2013 (Japanese Ministry of Internal Affairs and 

Communications 2013). 

The number of wooden housing units that were built to the old earthquake-resistance standards before 1981 

(i.e., houses with insufficient seismic capacity) decreased from approximately 340,000 to 310,000 from 

2008 to 2013 through mainly seismic retrofit. The number of wooden housing units that are considered to 

be of “insufficient earthquake resistance” is estimated to have decreased from approximately 260,000 to 

approximately 230,000 over the same period. If these trends continue, the rate of earthquake-resistant 

housing will reach 95% by the end of the five-year period (the end of fiscal year 2020). 

5.1.9 Evaluation 

To assess the success of the programs, ways to improve, and lessons learned, the authors of this report 

conducted an interview with an officer at a division of Shizuoka prefecture which facilitates TOUKAI-0 

program; see Table 20. 

Yasunobu Fujii, 

Architecture division of Architecture and Housing Bureau, Shizuoka prefecture, Japan 

No. Question Response 

1 

If you were involved in the program 

development for the city, please describe 

your level of involvement. 

TOUKAI-0 Project started in 2001 and continues.  Since it 

is a long-term project, there are not currently any members 

who initially involved in the development of this project. 

2 
Please describe how you participate in the 

retrofit program. 

In cooperation with local municipalities, the Architecture 

Division (hereafter Division) thoroughly involves in the 

project. 

3 

To your knowledge, please describe how 

the community outreach programs were 

conducted to gather support for the 

program. 

The project is promoted through TV, Radio, Individual 

visit, DM, SNS, Disaster prevention training, Seminar and 

so forth.  For the outreach at disaster prevention trainings or 

seminars, the Division collaborates with local 

municipalities and voluntary disaster prevention groups. 

4 

Please describe how the financing for 

retrofit work was secured on the retrofit 

projects. 

The subsidies or financial supports in this project are funded 

by the national, prefectural and municipal expenditures. 

5 

Please describe if the city provided 

technical assistance to the property owners 

under this program. 

If any technical assistance were requested, the project 

provides a program to dispatch an expert for free. 

6 
Please describe what you consider as the 

strong points of the project. 

Because the project supports seismic evaluation, retrofit 

planning and retrofit construction, the load on housing 

owners becomes less at each process. 
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Yasunobu Fujii, 

Architecture division of Architecture and Housing Bureau, Shizuoka prefecture, Japan 

No. Question Response 

Since the experts for seismic evaluation and retrofit design 

need to take the technical seminar organized by the project, 

a certain level of retrofit (e.g., seismic performance, 

engineering evaluation) is ensured. 

7 
Please describe how you would improve the 

project in order to reach 100% compliance. 

The current implementation target of this project by 2020 is 

95% achievements of seismic retrofit on deficient housings.  

However, any time limits for 100% achievement have not 

been set at this point. 

8 
Would you recommend this approach to 

other cities? 

For recommending to utilize this retrofit program, we keep 

in mind to provide polite and understandable explanations 

through DM, Individual visit and other procedures. 

9 

What are the most important lessons 

learned from this project that can be used in 

implementation elsewhere? 

The most challenging fact is to facilitate the seismic retrofit 

to people who are not positive about this program (e.g., 

elderly household, financially difficult household). 

10 Please add any other comments. 

The number of subsidiary payment for seismic retrofit on 

wooden housings has been over twenty-three thousands 

cases in seventeen years.  This is the best achievement in 

Japan. 

 Interview responses from TOUKAI-0 officer 

5.1.10 Key Takeaways 

The following are key takeaways from TOUKAI-0 case study: 

• In Japan, the Tōkai region is at a high risk for earthquakes, and seismic reinforcement work is 

recommended to reduce building damage and human causalities during earthquakes. 

• In Japan, there are essentially no legal requirements for seismic retrofits, but by issuing subsidies, local 

governments are promoting seismic-resilience measures.  

• The rate of homes with earthquake resistance in Shizuoka Prefecture exceeds 80%. Even though 

seismic resistance is not legally binding, this percentage represents a high amount of compliance. A 

current problem for the program is how to promote earthquake resistance to families who do not have 

sufficient economic means to retrofit their homes. 

• The law in Japan was revised in 1981, and buildings that were designed before that year are the main 

target for seismic reinforcement. Unique seismic standards are used as the criteria for seismic retrofit 

assessment; they differ from the standards that are currently used for new construction. 

For many reasons, the TOUKAI-0 project has achieved a relatively high rate of retrofitting. Based on the 

research, the main reasons are that the government has a complete list of all buildings within their 

municipality, has well-developed building codes and retrofit design codes, and has a clear concept for 

damage mitigation.  

In Japan, all buildings, including residential structures, are required to obtain a construction permit and to 

register with the local municipality. All the basic information, such as the built area, height, structural type, 

and year built, are recorded on a list that is maintained by the municipality. By using the complete list of 
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buildings, the local governing authority can identify vulnerable buildings or neighborhoods without 

additional investigations.  

Advanced building and retrofit design codes exist in Japan; these codes consider regional seismicity and 

typical local construction types, both of which are important elements when designing a disaster-resilient 

building. Based on the codes, the local government designs the framework for the seismic damage 

mitigation program and establishes a clear threshold that determines the necessity of seismic strengthening 

per building. In addition to these engineering components, financial support from local governments was 

enacted to motivate stakeholders to strengthen buildings to reduce seismic impacts. 

These features of the TOUKAI-0 program are beneficial examples for other cities, regions, and countries. 

Other areas could also develop a similar system to gather key information about the built environment and 

then create a seismic retrofit regulation that fits the unique circumstances of each area. The motivation 

behind seismic strengthening might vary from region to region, but in all areas, the financial source is 

usually the biggest factor for this type of program. The subsidy that local municipalities provide under the 

TOUKAI-0 program is a useful model for other countries. 
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5.2 Tokyo Metropolitan Government (TMG) Plan to Promote Seismic Retrofitting 

5.2.1 Project background 

In April 2012, the Tokyo Disaster Management Council emphasized the massive destruction that could be 

caused by earthquakes in the region, citing specific areas and potential magnitudes (M). Table 21 (TMG 

2012) shows the potential damage caused by a Northern Tokyo Bay Earthquake (M7.3), an earthquake 

centered directly under the Tama area (M7.3), a Kantō Earthquake (M8.2), and Tachikawa Fault Zone 

Earthquakes (M7.4). 

Scenario 

earthquake  

Number of  

deaths 

Number of 

injured persons 

Number of 

buildings destroyed 

Main cause of 

death 

Northern Tokyo 

Bay Earthquake 
9,700 147,600 304,300 

Structural collapse: 

56% 

Fire: 42% 

Tama Earthquake 4,700 101,100 139,500 

Structural collapse: 

68% 

Fire: 28% 

Kanto Earthquake 5,900 108,300 184,600 

Structural collapse: 

57% 

Fire: 40% 

Tachikawa Fault 

Zone Earthquakes 
2,600 31,700 85,700 

Structural collapse: 

55% 

Fire: 41% 

 Expected damage in Tokyo due to major scenario earthquakes (TMG 2012)  

The 2020 Olympics and Paralympics will be held in Tokyo and many people will travel from within Japan 

and from abroad to attend the games. To strengthen Tokyo’s disaster response capabilities during these 

events and at any time, further earthquake-resistance work was deemed necessary. 

During the 1995 Great Hanshin-Awaji Earthquake, also known as the Kobe Earthquake, damage occurred 

mainly to buildings that had been designed before 1981 and according to the previous earthquake-resistance 

standards, and many casualties occurred. In addition, buildings collapsed onto main and other roads, 

blocking the passage of emergency vehicles and becoming a major obstacle to recovery activities; see 

Figure 23. The earthquake also led to passage of the Seismic Retrofitting Promotion law and to widespread 

efforts to ensure that older buildings were retrofitted to meet the 1981 seismic standards (World Bank 

2019b).12 

 

 

 

12 For a more detailed discussion, refer to the World Bank report Japan Case Study on Affordable Housing, Chapter 

6, “Housing and Disasters” (World Bank 2019b).  
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 Road blockage caused by the collapse of buildings in the Great Hanshin-Awaji Earthquake 
(Source: left, Kobe Newspaper Company; right, General Research Foundation Fire Science Center) 

As evidenced by the extensive damage from the 1995 earthquake, in Tokyo, it is necessary to plan for the 

seismic strengthening of a large stock of buildings that were constructed according to outdated standards. 

In particular, it is critical to seismically strengthen buildings alongside roads that are important for 

emergency and lifesaving activities and for the transportation of emergency relief supplies during an 

earthquake disaster. It is also crucial to enhance the fire and earthquake resistance of buildings in urban 

areas where wooden houses are concentrated. 

Tokyo is the capital of Japan and serves several central political and economic functions. It houses the 

National Assembly, central ministries, and head offices of different financial institutions. For the capital to 

remain functioning and to minimize damage when earthquakes occur, it is necessary to improve the network 

of roads that will be the artery during disaster response; see Figure 24 (TMG 2012).  

The goal of the Tokyo Metropolitan Government (TMG) Plan to Promote Seismic Retrofitting is to protect 

the life and property of the people of Tokyo, to promote earthquake resistance of housings and buildings in 

Tokyo systematically, and to minimize interruption in Tokyo’s everyday functions during and after a 

disaster. 

To substantiate the importance of promoting seismic retrofitting, the following information was provided 

in the TMG plan:  

• Preventing earthquake-induced collapse of houses is important because it not only protects the life and 

property of the residents, but it can also prevent road blockages, enabling smoother firefighting and 

evacuation efforts and leading to overall improvement of disaster management in urban areas. In 

addition, if earthquake-induced damage to homes is only minor, it is possible for residents to continue 

living in their homes while the structures are being restored. Therefore, it is critical to promote the 

earthquake resistance of houses. 

• If buildings alongside roads that are important for disaster response, such as emergency transport roads, 

collapse due to an earthquake, they will cause road obstructions and might interfere with evacuation, 

first aid, and firefighting activities. In addition, it might be difficult to transport goods such as 

emergency relief supplies to areas in need after an earthquake. For this reason, in April 2011, Tokyo 

issued regulations to promote earthquake resistance of roadside buildings on emergency transport roads 

as a priority.  
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 Emergency transport roads in Tokyo (TMG 2012)  

• If a large building that is used by numerous people collapses, there will be many casualties and the 

building might obstruct roads. Again, this situation might hinder firefighting and evacuation measures. 

It also might significantly affect economic activity. Therefore, it is necessary to continually improve 

the earthquake resistance of such buildings. It is also necessary to promote earthquake resistance with 

an emphasis on public buildings that are important for disaster response (such as hospitals); see Figure 

25 (TMG 2012). 

 

  
  

 Example of perimeter steel braces as a seismic retrofit of public building (TMG 2012) 

5.2.2 Program components 

5.2.2.1 Residential components of the program 

To promote seismic evaluation, the program offers individual visits to homeowners. To encourage 

evaluation of the earthquake resistance of houses, the municipality organizes (and funds) a visit by 

engineers to each house. The engineers then provide a seismic evaluation of the building. 

5.2.2.2 Tax support 

To facilitate the rebuilding and earthquake-resistant retrofit of housing in Tokyo, property taxes and city 

planning taxes are decreased for certain individuals who participate in the program. 

5.2.2.3 Housings 

Housing retrofit is one of major components of this program.  Especially in the areas of densely house built, 

old wooden houses are largely populated and there are many narrow streets, so there is a risk that large-
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scale urban fires caused by an earthquake will have devastating consequences for residents and on the built 

environment. In addition, it is possible that evacuation or firefighting activities might be hindered by road 

obstructions or by other fires caused by the collapse of these buildings. 

Therefore, by promoting efforts to help ensure the smooth passage of traffic and emergency vehicles, it will 

be easier to carry out rescue activities after a disaster. For that purpose, the earthquake-retrofit strategies 

for vulnerable houses are effective. In addition, the housing retrofit will reduce the human impact from 

structural damage and from possible consequential urban fires. 

5.2.2.4 Apartments 

Condominium buildings are larger than single-family homes, and if they experience any earthquake-

induced damage such as collapse, they will block roads and will greatly affect the surrounding areas. In 

addition, because it can be difficult to reach a consensus among owners and residents, reconstruction of 

apartments often involves more work than for ordinary buildings, which might hinder the town’s general 

reconstruction after an earthquake. For this reason, it is important to focus earthquake-resistance initiatives 

on these types of buildings; see Figure 26 (TMG 2012). It is also critical to work on media campaigns to 

spread information to the public about why it is important to focus on these building types. 

  
  

 Examples of perimeter braces as a seismic retrofit of apartment (TMG 2012) 

5.2.2.5 Buildings alongside roads that are used for emergency transportation 

To promote unobstructed roadways after a disaster, the program includes the following components for 

buildings that are alongside critical roadways:  

• Contacting the owner of a building. The cooperation of residents is critical. To encourage residents 

to participate in earthquake-resistance efforts, this program arranges personal visits or sends residents 

information by mail. Residents also receive information about relevant media campaigns and upcoming 

events. 

• Support for earthquake resistance. Financial assistance is provided for the cost to dispatch advisors 

and earthquake-resistant retrofit workers. Because seismic evaluation is an important first step in 

promoting earthquake resistance, in principle, all evaluation expenses should be covered. If the 

evaluation shows that the seismic performance of a building is insufficient and that reinforcement 

design is necessary, the TMG plan will bear the full cost of the evaluation and design work.  

In addition to paying part of the cost for earthquake-resistant retrofit work, the government supports 

the borrowing of funds so that financial institutions can provide loans at low interest rates to 

homeowners who must pay the remaining costs.  

The evaluated seismic performance of a building before retrofit can also affect the size of the subsidy 

that owners obtain. During evaluation of buildings, the seismic performance is determined by the Is 

value, which is a country-designated seismic diagnostic standard. A larger subsidy is offered for 
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buildings with an Is value of less than 0.3,13 (also see 5.2.5) because they are highly likely to collapse 

during a large earthquake with a return period of around 500 years. 

• Guidance and instructions that promote cooperation. The Earthquake Resistance Improvement 

Promotion Act and the Earthquake Resistance Promotion Ordinance contain guidance and instructions 

on how to convince building owners to cooperate with city authorities on earthquake-resistance 

measures. 

• Publication about the city’s earthquake-resistance situation. A publication will be made available 

with relevant information, such as the number of buildings with a particularly high risk of collapse 

(TMG 2012). 

5.2.2.6 Earthquake resistance for nonstructural building elements 

To increase earthquake resistance in nonstructural building elements, the TMG plan recommends 

implementation of measures to prevent the following: falling of window glass and outer wall tiles, falling 

of ceilings, falling of block ridges, and locking-up or pinching by elevators. 

5.2.3 Workflow and schedule 

For buildings that are along specified emergency transportation roads, Tokyo set a goal of a 90% rate for 

earthquake-resistant buildings by the 2020 Olympic and Paralympic Games. As for housing, the goal is to 

increase the rate of earthquake-resistant homes to 95% or more by 2020 and to substantially eliminate 

housing with inadequate earthquake resistance by 2025 (TMG 2012). 

5.2.4 Legal mandate and enforcement 

Owners of buildings alongside specified emergency transportation roads had a legal duty to carry out 

seismic assessment of their buildings and to report the results to the administrative agency by the end of 

2014. In addition, for large-scale buildings that require urgent safety confirmation, owners had a legal 

obligation to conduct and to report earthquake-resistance evaluations by the end of 2015. As the time of 

report writing, 121 buildings specified in these categories do not meet the deadline or the required seismic 

performance and the buildings are publicly announced at TMG office and website. 

Seismic assessment and retrofit of other buildings, including housing, are basically conducted voluntarily, 

and there is no legally binding mandate. 

5.2.5 Retrofit standards 

For earthquake-resistance assessment and retrofit of concrete and steel buildings, the diagnostic standards 

by the Japan Building Disaster Prevention Association (JBDPA) are widely used. The Is value is used as a 

score for seismic performance; the performance levels are explained in Table 22 (TMG 2012). 

Seismic score (Is) Performance 

0.6 or more Low possibility of collapse 

0.3 or more ～ less than 0.6 Possibility of collapse 

Less than 0.3 High possibility of collapse 

 Condition assessment standard by Is value for concrete or steel buildings (TMG 2012) 

From Table 22, buildings with an Is value of less than 0.6 are subject to seismic assessment and retrofit, and 

in particular, buildings with a value of less than 0.3 are strongly urged to be retrofitted. 

For wooden houses, as described in Section 5.1.5, Iw = 1.0 or more is required after seismic retrofit. Iw is 

only for wooden housing; Is is for concrete or steel buildings. 

 

13 Buildings with an Is value of less than 0.3 are considered to have high potential for collapse. See Section 5.2.5. 
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5.2.6 Financing 

Following is financing information about the TMG plan: 

• For buildings along designated emergency transportation roads, TMG will bear the costs for 

earthquake-resistance evaluation and reinforcement design, as well as up to 90% of the costs for seismic 

retrofit. 

• For the housings rebuilt or retrofitted for seismic strengthening, the property tax and city planning tax 

on those housings are reduced for a certain period. 

• TMG offers no subsidy for general housing, but for housing in the specified plan focus area, TMG will 

cover the costs of seismic assessment and seismic retrofit. Although TMG does not provide subsidies 

for general housing, such subsidies are provided by each ward, city, or town (TMG 2012). 

5.2.7 Public outreach 

As part of the TMG plan: 

• An earthquake-resistance campaign has been created.  

• To promote earthquake resistance among the general population, events and publicity activities, 

including forums, seminars, exhibitions, tours, and consultations, will be organized. 

• The Tokyo Earthquake-Resistant portal site has been established. The site introduces the program and 

contains a wide range of information, including the components of the subsidy program and the types 

and characteristics of retrofit methods. 

• An “Earthquake Resistant” plaque has been created for buildings in Tokyo; see Figure 27 (TMG 2012).  

To raise public interest in earthquake resistance, an effective approach is to post a sign that signifies that a 

building meets the earthquake-resistance guidelines and that provides information to people who enter and 

occupy the building. For this reason, Tokyo issues “Earthquake Resistant” plaques (see Figure 27) to 

owners of new buildings that meet earthquake-resistance standards. These placards are also issued to 

owners of buildings that were designed to outdated earthquake-resistance standards but have been properly 

seismically retrofitted. The owner posts the placard in a visible place at the entrance so that people who 

enter the building can directly confirm the safety of the building. 

 

 

 Tokyo “Earthquake Resistant” plaque (TMG 2012) 
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5.2.8 Implementation 

As of 2019, the rate of earthquake-resistant buildings along specific emergency transport roads is 84.3%. 

Intensive efforts must continue so that seismic assessments and retrofits are carried out in all such buildings. 

For housing, a goal was set of at least 90% of homes having adequate earthquake resistance by 2015, and 

a rate of 95% or more by the end of fiscal year 2020. The 2016 earthquake-resistance rate specified in the 

latest report was expected to be 83.8% of all kinds of homes, including 77.5% of the wooden single-family 

home inventories and 87.5% of the total non-wooden double-family homes such as condominiums (TMG 

2012). 

5.2.9 Evaluation 

As the time of report writing, a questionnaire regarding assessment of this program has not been responded 

by the division of Tokyo Metropolitan Government.  However, TMG periodically assesses their program 

progresses, accomplishments, improvements and issues and their assessments are published at their 

website.  Based on the assessments, TMG modifies and improves their program basically every three years, 

and these efforts seem to be able to proceed this seismic retrofit program steadily. 

5.2.10 Key Takeaways 

The following are key takeaways from the TMG (2012) plan case study: 

• The TMG plan was developed to promote seismic retrofit on housings in Tokyo.  Especially in densely 

populated areas, large fires and other subsequent negative consequences are expected during or 

immediately after an earthquake. 

• In addition, seismic retrofitting is being promoted for buildings that are along designated emergency 

transport roads and buildings in which a large number of people gather. In Tokyo, following a disaster, 

the continuous operation of city-led functions is important, as well as the minimization of building 

damage and personal losses. 

• TMG is working on various public-awareness efforts, such as the establishment of an earthquake-

resistance designation to display on buildings and has established an internet site to promote the 

earthquake-resistance program and measures. TMG also periodically publishes a list of buildings at 

TMG office and website that have not yet participated in a seismic evaluation or a retrofit protocol. 

Because this information could negatively affect a building’s rental rate or real estate value, the public 

release of this information is one of the motivations for building owners to voluntarily undertake a 

seismic retrofit. Subsidies are another motivation for voluntary participation. 

• The earthquake-resistance rate of buildings in Tokyo is high; Japan is promoting earthquake resistance, 

especially by 2020, when the Tokyo Olympics and Paralympics will be held. 

The basic approach of the TMG program is similar to the TOUKAI-0 project that was described in Section 

5.1 of this report. Like the TOUKAI-0 program, TMG seems to use the government-mandated building 

inventory list and employs building and retrofit design codes to establish its seismic retrofit program.  

The TMG program focuses on two notable aspects: One is the housing, and the other concerns the buildings 

that are constructed along emergency transport roads. These two areas clearly relate to potential post-

earthquake events such as housing fires due to earthquake and transport disruption due to debris-blocked 

roads. To reduce these secondary impacts and to expedite rescue and recovery activities, the TMG program 

gives higher priority to the housing units and the buildings that are classified in these two categories. 

Because the budgets and resources of local municipalities and of TMG—and of other countries that might 

follow the TMG model—are not unlimited, this prioritization is a very important part of dealing with 

seismic retrofit. The remaining buildings can be planned for strengthening afterward. 

In addition to using the basic features of the TMG program and the TOUKAI-0 project, other countries can 

greatly benefit from the prioritization approach of the TMG program. Depending on the built environment 
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of each city, its deficiencies and its strengths in terms of earthquake resistance differ. For example, if 

masonry buildings are the majority of vulnerable housing types, earthquake-induced fire might not be a 

concern, unlike for wooden houses. And if housing units and buildings were constructed with enough 

separation from the roadway, the road network and emergency transportation might not suffer by debris 

blockages. Therefore, a prioritization approach is an important illustration of a critical aspect of a seismic-

resistance plan and should be considered in seismic retrofit planning in other countries. 
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6. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

6.1 Overview 

Many developing countries are undergoing rapid urbanization. The internal migration from rural 

communities to major cities has been challenging and has led to the spread of substandard formal and 

informal settlements. Furthermore, many of the moderate- to high-population cities worldwide are in 

regions that are subject to natural disasters. This combination of high-density population, non-code-

compliant construction, and high likelihood of large natural disasters has had devastating consequences. 

For example, the 2010 earthquake in Haiti caused numerous fatalities, millions of displaced people, billions 

of dollars’ worth of damage, and hundreds of thousands of collapsed buildings. Similar scenarios have 

occurred elsewhere as a result of earthquakes, hurricanes, and tsunamis. Earthquakes in particular present 

a grave risk to the population and to the economy of vulnerable countries.  

For residential buildings, earthquake damage also entails the loss of a living environment for the residents, 

which results in secondary and cascading adverse effects. To help mitigate this issue, several communities 

have developed various disaster risk management programs. The key to all the programs is prevention, 

because pre-event mitigation is significantly more effective than postdisaster rebuild and repair programs.  

The goal of the World Bank–initiated Global Program for Resilient Housing (GPRH) is to formalize global 

development approaches to providing safe, sustainable housing in vulnerable regions. As part of GPRH, a 

project was undertaken to study some of the current retrofit programs and to assess their applicability more 

broadly. Case studies in California and in Japan—areas of high seismicity that have had devastating 

earthquakes in recent years and that have developed innovative approaches to the problem—were reviewed 

with the objective of identifying the key components for successful programs that can be implemented 

elsewhere. 

6.2 Summary 

Based on our review of existing programs in California and in Japan, the following are noted: 

• The programs as a whole can be considered as successful, because (i) they have a high rate of 

compliance, and as a result, (ii) many dangerous residential buildings have been strengthened. 

• The programs were well planned. In the initial steps, the most vulnerable buildings were identified, and 

a methodology for how to retrofit them was developed. The city ordinances were developed with 

collaboration among national and municipal leaders, engineers, finance professionals, and developers. 

• The programs set a time horizon that was manageable. By specifying various tasks to be completed and 

by providing ample time to complete them, the chance of success increased. 

• The programs took a balanced and integral approach in addressing the problem. Legal, financial, 

technical, and operational components were all included. Furthermore, to encourage compliance, some 

means of financial incentives and some adverse actions for noncompliance were included. 

• A database of progress has been updated and maintained. This database is particularly important for 

renters, because they can easily access the city website to assess whether the building that they are 

considering as a rental is considered to be safe. 

6.3 Conclusions 

Based on the findings, the following conclusions can be made:  

• The vulnerable building types are well known. A handful of structural types have been responsible for 

a large portion of the loss of life and the collapsed buildings in past earthquakes. It is important to 

prioritize these building types as part of any successful resilience program. A key first step is to identify 
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these structures in a city. Recent advances in deep learning, aerial scanning, and image processing have 

been used effectively to identify such structures. A recent example is the identification of soft-story 

buildings in Guatemala as part of a World Bank project.  

• For a successful program, it is important to have buy-in from the various stakeholders. This step is 

critical in the project development phase, during which input from developers, government officials, 

engineers, potential lenders, and the public can be compiled to map the program. Public outreach and 

education are important to explain why funds must be expended to achieve a structurally safe building. 

• Flexibility in financial aspects can motivate implementation of programs. Financial assistance can take 

many forms, including long-term low-interest-rate loans, municipal or national grants, compensation 

through property taxes, more favorable financing terms for safer buildings, some pass-through costs, 

and reduced property insurance.  

• To ensure a high rate of compliance, a long time window is needed. Many cities have a large number 

of vulnerable buildings, and it will take years or even decades to upgrade them. A long time window 

will also allow time to secure finances and increase compliance. A phased approach can be used; for 

example, allow some time for screening, followed by development and submittal of retrofit plans, and 

then a number of years to complete the actual work. 

• Regulatory programs and enforcement help increase the safety of residential buildings. For new 

buildings, code compliance should be mandated and enforced during the permitting phase. For 

multistory residential buildings, the requirement for a building occupancy certificate could ensure that 

construction has followed the building code requirements. For existing residential buildings, it is 

important to prepare retrofit guides (including plans) for multiunit buildings and to prepare handbooks 

for single-unit buildings. For smaller units, residents can do some of the basic retrofits themselves at a 

low cost if they have some basic training or booklets to reference and if they can borrow tools from the 

city.  

• Financial considerations play an important role when determining the level of seismic safety that is 

required for a building. Among other factors, the importance of a building weighs heavily in the cost-

benefit evaluation of a seismic-resistance plan and whether compliance is mandatory. In the United 

States (primarily California), buildings are assigned different risk categories depending on their 

importance. For each risk category, the building code has prescriptive requirements that must be met. 

This compliance is achieved through a plan-check procedure that is regulated by the city government. 

Except for some houses, buildings are designed by licensed engineers.  

• This mandatory code-compliance approach is also followed closely in countries such as Japan, New 

Zealand, and Chile. As a result, in recent major earthquakes in those countries, although building 

damage was observed, the collapse of buildings and the number of fatalities was significantly reduced, 

and the newer buildings performed well. By contrast, in some developing countries where code 

compliance is lax, even moderate earthquakes have caused many fatalities and collapsed buildings.  

• For existing structures, voluntary seismic retrofit has been successful to some extent in the United 

States. However, much of the participation level depends on the financial incentives that are offered 

and on the potential to recapture the retrofit cost by better financing, lower insurance rates, or premium 

rents. For extremely dangerous buildings, such as nonductile concrete, URM, and wood-frame soft-

story structures, a mandatory program is warranted. Past earthquakes have shown these buildings to be 

collapse hazards that can cause significant loss of life. In California, financial incentives, including 

subsidy programs, have proven to be successful for mandatory retrofits, as shown by the high level of 

compliance reported herein. 
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6.4 Recommendations and implementation 

To ensure the use of high-quality materials and the adequate transfer of workforce knowledge, 

recommendations include, but are not limited to, the following: 

• Material sampling and certification. The quality of construction materials, such as concrete, steel 

reinforcement, and timber, play a critical role in the overall performance of the building. Any material 

that is purchased for construction must have proper certification and documentation. Quality control 

(QC) can be facilitated by requiring the contractors to perform sampling and testing and to submit the 

test results to the design team for review.  

• Workforce development. There is typically a shortage of skilled construction workers despite the high 

demand. Successful training and apprenticeship programs have been completed in some countries to 

help meet labor needs and to promote capacity building and can be used as a model. For example, in 

Haiti, local construction workers were trained on the basics of earthquake engineering and construction. 

Masons were flown to Haiti from the United States to perform field training. The trainees were then 

asked to perform construction exercises to ensure that they correctly understood the techniques. The 

graduates of the program have participated in the reconstruction of thousands of buildings. 

• Construction quality management. Contractors must have a quality management program in place. 

The construction project manager or a representative serves as the QC manager, who has several 

responsibilities, including: (i) being familiar with the project plan and specifications and preparing the 

QC program; (ii) verifying the material quality; (iii) ensuring that the workforce is adequately trained 

for the project; (iv) maintaining records of inspections or construction work; and (v) working closely 

with user representatives and client quality-assurance members. 

• Regulation. A successful seismic strengthening and reconstruction program requires a strong 

regulatory framework, including: (i) a legal mandate for enforcement of regulatory provisions; (ii) a 

permit application procedure; (iii) an inspection program that is developed and undertaken by user 

representatives; and (iv) enforcement ensure compliance with the building plans and specifications. 

Based on the findings, the following implementation steps are recommended: 

• Implement a prioritization program for the most vulnerable buildings. Digital imaging and 

machine learning can be used to identify these building types. Census data, city development patterns, 

and site surveys can be used to supplement data and to verify accuracy. 

• Provide a forum for the exchange of ideas between the various stakeholders in a municipality and 

between municipal leaders from different cities. A web-based portal can be set up to encourage the 

flow of information and to act as a repository for relevant documents. 

• Develop a methodology for creating a pilot project in a vulnerable city. This task involves project 

development, including all key components, such as regulations, financing, engineering, and outreach. 

The references that are listed in this document can provide more detail about the various stages of 

program development. 

• Implement a small-scale pilot project for a district in a city that is based on the developed 

methodology. Use the pilot project as a test case to refine the program for more general application. 

The success of such a program will help immensely to obtain buy-in from various stakeholders, to 

ensure that the program is transparent, and to encourage participation by incorporating suggestions for 

improvements. 

Following are additional benefits from successful housing retrofit programs in developing countries:   

• Planning and strengthening of institutional and regulatory capacity. Certain building types are 

especially vulnerable to seismic risk, but simple, cost-effective retrofit solutions can substantially 
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reduce their risk of collapse. Like the Earthquake Brace + Bolt (EBB) program in California, easy-to-

implement retrofit guidelines and standardized plans can be developed to facilitate the design, review, 

and implementation process. With nominal training, local laborers can implement these solutions.  

Housing retrofit programs that are accompanied by capacity-building activities targeted at government 

staff and stakeholders—including engineers, architects, masons, contractors, and building inspectors, 

in both the formal and the informal construction sector—can strengthen the regulatory capacity and 

overall construction practices in the target area. The World Bank–initiated retrofit program in Istanbul, 

the Istanbul Seismic Risk Mitigation and Emergency Preparedness Project (ISMEP), supported the 

upgrade of engineering and construction skills in Istanbul. As a result, it has been observed that overall 

construction practices in Istanbul have improved.14 Furthermore, Turkish engineering and construction 

companies that participated in the program are now providing their seismic retrofitting expertise to 

other developing countries.    

• Increased public awareness of disaster risks and information dissemination. A lack of 

understanding about disaster risks and a lack of knowledge about safe construction are the primary 

reasons for the inaction on mitigation. Targeted communication campaigns that are initiated as part of 

housing retrofit programs can increase community disaster awareness and thus help mitigate against 

compounding these risks. These programs can also be effective in informal housing settlements, where 

training on simple retrofit methods that apply to affordable housing can teach the difference between 

unsafe and safer construction. Earthquake-safe construction practices are not necessarily more 

expensive than unsafe practices; they relate to the applied construction techniques, such as how to 

properly implement column reinforcement details.  

  

 

14 Miyamoto has been working in Turkey since the start of the ISMEP program and is still active in Istanbul. Miyamoto 

has witnessed positive changes in earthquake engineering and in construction practices in the locality.  
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