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SUMMARY:

School buildings frequently collapse or suffer heavy damage in earthquakes. In the past decade, tens of
thousands of children lost their lives when their schools collapsed. Thousands more escaped injury or death
solely because the earthquake that flattened their school occurred outside of school hours. This paper explores
physical characteristics of schools that cause vulnerability to damage and collapse, using data from earthquake
damage reports and seismic vulnerability assessments of school buildings. These data show that characteristics
related to building configuration, type, materials and location; construction and inspection practices; and
maintenance and modifications all contribute to building vulnerability. Physical characteristics, such as large
classroom windows, when combined with poor design and construction practices, create major seismic
vulnerabilities. Underlying drivers include scarce resources, inadequate seismic codes, unskilled building
professionals, and lack of awareness of earthquake risk and risk reduction measures.
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1. INTRODUCTION

Schools have distinct physical and organizational characteristics that cause them to be vulnerable to
earthquakes. Seismic vulnerability manifests itself most dramatically in building collapses that kill
teachers and students, but also through hazardous falling objects and inadequate exits. This paper
explores vulnerability-generating physical characteristics and the underlying reasons that these
characteristics manifest themselves in schools in different geographic, economic and cultural settings.
Not all schools are alike: differences in number of students, available land and local building practices,
among other factors, result in buildings that range from a single-room adobe structure in Peru to an
eight-story concrete building in Mumbai. Despite the disparities, many schools — especially in urban
areas — tend to share similar characteristics and as a result, similar seismic vulnerabilities.

2. DATA SOURCES AND METHODS

To determine the physical characteristics that create vulnerability, this study examined data from two
main types of sources: reports of earthquake damage to schools, and vulnerability assessments of
school buildings. These data vary greatly in quality, quantity and availability. Professional
organizations, government agencies, individual authors, and private companies provided the
earthquake damage reports listed in Table 1.

Table 1. School earthquake damage data sources

Year | Location Magnitude | School Damage Data References

2010 | Baja California 7.2 EERI (2010)

2010 | Haiti 7.0 UNICEF (2010), Green and Miles (2011), Holliday and Grant
(2011), Marshall et al (2011)

2009 | Mongar, Bhutan 6.1 RGoB (2009)

2009 | L’Aquila, Italy 6.3 EEFIT (2009a), EERI (2009a)

2009 | Padang, Indonesia 7.6 EEFIT (2009b), EERI (2009b)

2008 | Wenchuan, China 7.9 CEA (2008), Kabeyasawa et al. (2008), Miyamoto Intl. (2008),




Xiong (2008)

2007 | Pisco, Peru 8.0 EERI (2007), Taucer et al. (2008), Spence and So (2009)

2006 | Yogyakarta, Indonesia 6.3 Spence and So (2009)

2005 | Kashmir, Pakistan and 7.6 ADB-WB (2005), Durrani et al. (2005), Langenbach (2005), NAS
India (2005), EEFIT (2006), Bothara (2007), Mumtaz et al. (2008)

2003 | Bam, Iran 6.6 Parsizadeh and 1zadkhah (2005) Tierney et al. (2005)

2003 | Bourmerdes, Algeria 6.8 Belazougui et al (2003), Bendimerad (2004), Milutonovic and

Massue (2004), Meslem (2007)

2003 | Bingol, Turkey 6.4 Gulkan (2004)

2002 | Molise, Italy 5.9 Augenti et al. (2004)

2002 | Thlisi, Georgia 4.5 Gabrichidze et al (2004)

2001 | Gujarat, India 7.7 Rai et al. (2001)

1999 | Duzce, Turkey 7.2 Gur et al. (2009)

1999 | Chi-Chi, Taiwan 7.7 Tsai et al. (2000), Yi (2005)

1999 | Kocaeli, Turkey 7.6 Erdik (2001) Yuzugullu et al (2004)

1998 | Faial, Azores, Portugal 6.2 Proenca (2004)

1997 | Cariaco, Venezuela 7.0 Lopez et al. (2004, 2007)

1996 | Temouchent, Algeria 5.8 Bendimerad (2004)

1995 | Kobe, Japan 6.9 Yomiuri Shimbun (1995), AlJ (1997), Nakano (2007)

1994 | Beni Chougrane, Algeria 5.6 Bendimerad (2004)

1994 | Northridge, USA 6.7 DSA (1994), LAUSD (1994)

1989 | Loma Prieta, USA 6.9 EERI (1990)

1989 | Chenoua, Algeria 5.7 Bendimerad (2004)

1988 | Spitak, Armenia 6.8 EERI (1989), Yegian and Ghahraman (1992)

1988 | Bihar, India and Nepal 6.6 Thapa (1989), Theruvengadam and Wason (1992)

1985 | Michoacan, Mexico 8.0 Tena-Colunga (1996)

1980 | El-Asnam, Algeria 7.3 Bendimerad (2004)

1971 | San Fernando, USA 6.6 Jephcott and Hudson (1974)

1963 | Skopje, Macedonia 6.0 Milutinovic and Tasevski (2003

Vulnerability assessments of school buildings come from a similarly varied set of sources, shown in
Table 2. Urban and peri-urban schools provided most of the data, though several assessments
conducted at the national or state/district help to rectify this bias in the dataset. More vulnerability
assessments have been conducted, but the data were not obtained in time for publication.

Table 2. School vulnerability assessment data sources

Location

| Assessment description

Asia and Pacific

Suva, Fiji

Vulnerability assessment of 6 schools (Rokoveda, 2006)

Ahmedabad, Baroda
and Surat, India

Modified rapid visual screening (RVS) of 42 schools (Ahmedabad), 58 schools (Baroda)
and 53 schools (Surat); GHI (2005)

Delhi, India Walk-through vulnerability assessment of 10 government schools (GHI, 2008)

Shimla, India Vulnerability screening of 6 representative schools near Shimla (UNCRD, 2009)
Indonesia Study of common vulnerabilities in government schools (ADPC)

Indonesia Vulnerability assessment of 4 schools (UNCRD, 2009)

Japan 125,000 public school buildings nationwide assessed (Japan Times, 2009; Nakano, 2007)

Ota City, Japan

91 schools (340 buildings) assessed (Nakano, 2007; Ohba et al., 2000)

Kathmandu Valley,
Nepal

Inventory of Kathmandu Valley schools (643 schools, ~1100 buildings), vulnerability
surveys of 378 schools (695 buildings) (Dixit et al., 2000; Kandel et al., 2004)

Lamjung,
Nawalparasi, Humla
Districts, Nepal

Vulnerability screening of 745 school buildings (Lamjung), 636 school buildings
(Nawalparasi); detailed assessments of some buildings; small sample of mountain
schools screened in Humla (Archarya et al., 2011)

Seti Zone, Nepal

Qualitative overview of community built schools (Tamang and Dharam, 1995)

New Zealand Rapid survey of 2361 state schools (21,000 buildings) (Mitchell, 2004)
Tashkent,Uzbekistan | Detailed vulnerability assessment of 3 schools; general overview (UNCRD, 2007, 2009)
Uzbekistan Over 10000 schools assessed (Khakimov et al., 2006)

Europe and Mediterranean

Algiers, Algeria

| 190 schools (526 buildings) in 9 municipalities of Algiers (Meslem, 2007)




Emilia-Romagna,ltaly | Assessment of 2700 important buildings including schools (Consentino et al., 2004)

Italy General observations; 78 school buildings assessed in Potenza province (Dolce, 2004)

Istanbul, Turkey Detailed assessment of 33 school buildings from ISMEP inventory (Kalem, 2010)

Latin America and Caribbean

Quito, Ecuador Initial screening of 340 buildings, ATC RVS of 60, detailed analyses for 20 (GHI, 1995)

Lima, Peru 28 schools (Barranco district) and 80 schools (Chorrillos district) screened using ATC-21
and EMS-98 (Meneses and Aguilar, 2004)

Venezuela National vulnerability assessment of ~28,000 schools; (Lopez et al., 2007, 2008)

North America

Vancouver, Canada | All 108 Vancouver School Board schools (302 buildings) surveyed (TBG, 1990)

Charleston, South Detailed vulnerability assessments of 6 schools after prioritization exercise for all district
Carolina, USA schools (CCSD, 2010)

Oregon, USA Collapse risk assessment of 2185 K-12 public school buildings (DOGAMI, 2007)
Kodiak Island, Detailed seismic and tsunami vulnerability assessments all 14 Kodiak schools (26
Alaska, USA buildings) (Eidinger, 2006)

Utah, USA RVS of 128 public school buildings sampled from 1085 schools in state (Siegel, 2011)

Memphis, Shelby Screening of 202 schools (349 buildings) using ATC-21 plus locally developed method
Counties, Tennessee | (Chang et al., 1995)

Where possible, the author obtained quantitative information on the relative prevalence and severity of
various vulnerability-creating characteristics. However, most reports provide only qualitative
assessments of the most important vulnerability creating characteristics. The relative prevalence of the
various characteristics was determined by counting the number of times particular characteristic was
cited as a cause of damage in damage reports or as a cause of vulnerability in vulnerability
assessments. (Each characteristic was counted only once for each earthquake or vulnerability study.)
The level of detail in the earthquake damage reports varied significantly with the scope of the damage
investigation, with many reports coming from brief reconnaissance missions. Consequently, published
damage reports may omit some causes of damage, due to incomplete coverage of the damaged area,
lack of access, or simply because the report authors viewed them as less important. In particular,
damage to finishes and contents inside the building, and objects that fell from the building exterior,
may have been omitted for these reasons. Due to insufficient data, this paper does not attempt to
quantify whether school buildings are more vulnerable to earthquake damage or collapse than are
other types of buildings. The relative vulnerability of schools compared to other buildings will likely
depend on the context, especially the types of buildings used for schools, and how they are designed
and built, versus buildings used for other purposes.

Quantitative information on the underlying drivers that are responsible for vulnerability-creating
characteristics is much less readily available. In most locations, a set of complex and interrelated
social, economic, political, cultural and technical factors combine to generate an environment that
creates or perpetuates school seismic vulnerability. Due to the complexities involved and the lack of
guantitative information, the author relies on the judgment of local professionals as expressed in the
literature, in order to identify the major underlying drivers affecting school earthquake safety. Because
the literature covers a limited number of countries, it is difficult to assess relative importance.

3. CHARACTERISTICS THAT CREATE VULNERABILITY

The data sources used in this study mention many characteristics that either contribute to earthquake
damage or are presumed to create the potential for earthquake damage, based on the collective past
experience of the earthquake engineering community in observing earthquake damage in the field and
simulating it in the laboratory. Some characteristics, such as those directly related to schools’
functional requirements, affect schools specifically, while others affect broader classes of buildings.
Table 3 shows the prevalence of each identified characteristic in the datasets.

Table 3. Prevalence of vulnerability-creating characteristics

| Category | Vulnerability-creating Characteristic | No. Earthquakes |  No. Vuln.




where Observed Assessments
Observed
Configuration | Large rooms - no cross walls 3 2
Large rooms — no diaphragm 2 1
Plan irregularity due to one-bay wide 3 4
Plan irregularity general 0 11
Captive columns due to partial height infill walls 10 8
Torsion due to windows on one side 1 3
Torsion, general 0 6
Weakness due to windows - masonry 2 5
Soft or weak story 3 8
Vertical irregularity, general 0 5
Masonry gable walls 0 3
Heavy roofs 3 2
Structural Vulnerable traditional construction 3 1
system type Vulnerable non-engineered non-ductile RC frame 2 0
and Vulnerable non-engineered brick or block masonry 2 3
construction Vulnerable non-engineered poorly confined masonry 2 0
materials Vulnerable engineered non-ductile RC frame 11 8
Vulnerable engineered brick or block masonry 6 9
Safer traditional building types abandoned 1 0
Standard types / plans have major seismic deficiencies 4 2
Lack of seismic design understanding by engineers 6 2
Local materials generate weak or brittle buildings 3 3
Poor quality engineered materials general 10 4
Location Vulnerable sites / poor soil conditions 3 2
Liquefaction 1 2
Sloping site / landslides 0 1
Cultural practices for site selection 0 1
Construction Unskilled / low-skilled local labor 4 3
practices Builders not aware of earthquake-resistant practices 2 2
Public contracting low bid rules 0 1
Reducing quality to save money or time 3 0
Poor construction quality, general 9 5
Construction Lack of inspection 4 0
inspection Corruption of inspection mechanisms 0 0
Maintenance Deferred / not done, general 1 9
No provision by builder or operator 0 1
Modifications | Subsequent structural modifications 2 2
Ineffective retrofits 1 1
Falling hazards | Fagade and exterior 4 10
Interior / contents 6 6
Exit pathways | Inadequate doors, windows, halls/corridors or stairs 1 9

Note: Data set contains reports for 32 earthquakes; reports were aggregated for each earthquake. Data set
contains 31 vulnerability assessments; for space reasons Table 2 combines assessments in similar locations.

Characteristics cited as causes of earthquake damage in damage reports for 25% or more of the
earthquakes in the data set (eight or more citations) were captive columns due to partial height
masonry infill walls under windows, non-ductile reinforced concrete frame construction, generally
poor construction quality, and poor quality engineered materials. Characteristics cited in 25% or more
of the vulnerability assessments (eight or more citations) were general plan irregularity, exterior
falling hazards, unreinforced masonry construction, poor maintenance, non-ductile reinforced concrete
frame construction, soft or weak stories and captive columns due to partial height masonry infill walls
under windows. Characteristics cited in damage reports for 15% to 24% of the earthquakes in the
dataset (five or more citations) were unreinforced masonry construction, lack of seismic design
understanding by engineers or architects, and interior architectural and contents hazards.
Characteristics cited in 15% to 24% of the vulnerability assessments (five or more citations) were




torsion, interior falling hazards, general vertical irregularities, generally poor construction quality, and
weakness due to numerous windows reducing solid wall area in masonry buildings.

Though the earthquake damage reports and the vulnerability assessments agree on most of the major
causes of vulnerability, some notable differences exist. In particular, plan irregularities and torsion
were commonly cited in vulnerability assessments but rarely mentioned in the earthquake damage
reports. Possible reasons for this discrepancy include: (a) that damage caused by plan irregularities and
torsion may not typically be as severe as previously assumed; (b) the incomplete nature of most
earthquake damage reports, and (c) a tendency for damage observers to focus (understandably) on
primary causes of collapse and major non-repairable damage. Systematic post-earthquake damage
surveys that identify the causes of damage, rather than solely the damage grade or damage level,
would be extremely helpful in quantifying the relative importance of different vulnerabilities.

3.1 Configuration

The majority of schools throughout the world are organized in the same way: each teacher leads a
class of students in a separate classroom. This way of organizing instruction, along with concerns for
occupant comfort such as natural lighting and ventilation, generates certain architectural
configurations and characteristics that support the school’s function but increase seismic vulnerability.
Other characteristics such as weak or soft stories and heavy roofs are not unique to schools.

In order to accommodate a cost-efficient number of students per teacher and to provide unobstructed
sight lines between students and teacher, classrooms tend to be larger rooms without interior supports.
Requirements and preferences for cross-ventilation and natural light lead to school buildings that are
one or at most two classrooms wide, with classrooms placed next to each other with a corridor or
hallway and exterior windows on the other two sides. Irregular plan shapes result from packing more
classrooms into available land, and more importantly there are few if any cross walls outside the
classroom to reduce the span of walls. When the building has a type of structural system that relies on
the number and placement of walls for earthquake resistance (such as masonry bearing wall), this
weakens the building. In buildings without a proper diaphragm, the long spans of the floor and roof
allow the walls to move more and increase the chances that the floor or roof will pull apart and
collapse. In the 2008 Wenchuan, China earthquake, the Hanwang Primary School main building
collapsed, while the adjacent dormitory of the same construction type, which had smaller rooms and
more cross walls, did not. Both buildings had a type of precast concrete plank flooring system where
the planks were not well connected and came apart if the walls moved much at all (Miyamoto
International, 2008). Many other schools built with this system collapsed also, killing thousands.

The large classroom windows that let in light and air also create several vulnerabilities. Many concrete
frame buildings have stiff partial-height masonry walls below the windows, which create captive
columns above the wall which fail in shear. Earthquake damage reports cited captive columns as one
of the most common causes of school building earthquake damage. In masonry buildings, the building
is weak in the direction parallel to the windows, and narrow piers between windows can crack and fail.
Classrooms often have large windows on only one side, with more substantial walls on the other side,
which can create torsion in some buildings.

3.2 Structural system and construction materials

School buildings that utilize a structural system or material that is inherently weak or brittle will be
less earthquake resistant. Vulnerabilities related to structural system and construction material are
often prevalent throughout the local built environment, rather than being specific to the schools. For
example, seismically vulnerable forms of vernacular construction (meaning buildings built without
input from design professionals), both traditional and modern, are common in many areas of the
world. Traditional vernacular construction often uses readily available local materials, such as Adobe
(unfired clay) bricks and rubble stones, which may be inherently weak or brittle.

Many school jurisdictions use standard building designs for multiple schools, in order to reduce the
costs involved in building design and to generate efficiencies in construction. In cases where a national



or state level authority designs and builds schools, this practice results in many similar or identical
school buildings. If standard building plans have major seismic weaknesses, then many schools will be
at risk of severe damage or collapse. In the former Soviet Union, certain types of standard school
building designs created by the central government collapsed in large numbers in the 1988 Armenia
earthquake (Yegian and Ghahraman 1992; Khakimov and Tursonov 2006).

Schools may be built with poor quality engineered materials such as concrete, fired clay bricks, and
reinforcing steel. Though the data sources used in this study do not typically provide insight into the
reasons why poor quality engineered materials were used, possibilities include cost pressures, good
quality materials not locally available, and an inadequate or complete lack of materials testing and
quality control. In the case of concrete buildings, unskilled or low-skilled construction workers may
produce poor quality concrete despite good quality cement, sand and aggregate, simply because they
are not aware of how to properly mix and place concrete, or lack proper equipment.

3.3 Location

Schools may be located on sites vulnerable to amplified earthquake ground motions, landslides,
liquefaction, lateral spreading or fault rupture, as well as earthquake-triggered secondary hazards such
as landslides, tsunamis, fires and dam or levee failures. Schools are most often located in communities
near housing, which restricts the choice of available sites. If the community cannot (or will not) make
good land available, the school may be built on marginal land such as a hillside or in a flood plain.

3.4 Construction and inspection practices

School construction by unskilled or low-skilled workers is problematic, because these workers are
often unaware of proper earthquake resistant practices, and may not have the skills to build good
quality buildings. Selection of the lowest bidder, a cornerstone of public contracting used for building
schools in many locations, can create unintended construction quality problems. If the construction
contractors are not properly qualified during the bid process, less-qualified or unqualified contractors
will build the schools, resulting in poor quality workmanship. In addition, the cost pressures involved
with trying to win a low-bid competition can force the contractor to reduce quality in order to make
the job financially viable. Lack of proper construction inspection removes incentives to follow plans
and specifications and often leads to poor quality construction. In areas with high levels of corruption
in the construction sector, the prevalence of corrupt practices such as the paying off of inspectors to
approve poor quality or non-code-compliant work can lead to poor quality construction.

3.5 Falling hazards and inadequate exit pathways

Many school buildings have objects on the exterior or inside that can fall during shaking and injure or
kill people. On the exterior, common falling hazards include unreinforced masonry parapets, masonry
chimneys and rooftop water tanks. Inside the building, large bookshelves, pendant lights and fans, and
chemicals in chemistry labs can fall on students or block exit pathways. In some areas, many school
buildings have inadequate exit pathways, and students may not be able to exit the building safely and
quickly following an earthquake, or during a fire or other emergency. Corridors and stairwells can be
too narrow, poorly lit or used for storage. Classrooms may have only one door which opens inward
rather than outward. Exit doors and gates may be locked for security purposes.

4. UNDERLYING DRIVERS

Local professionals well versed in school design and construction in their location identified a number
of underlying drivers that help create an environment where unsafe school buildings either continue to
be built or continue to be used; Table 4 provides a snapshot of their observations. The diversity of
these drivers indicates that the reasons for school earthquake vulnerability are complex, inter-related
and vary by context. However, some drivers seem to be present in diverse settings. The scarcity of
resources for education affects prosperous and less-prosperous countries alike, as does the presence of
inadequate building codes and the tendency to underestimate the seismic hazard. Drivers such as rapid
school construction under Education for All initiatives, unskilled or unaware building professionals,
and a lack of code enforcement occur predominately in developing countries regardless of geography.



Except for drivers related to building code content and professional competence, the drivers are
outside the direct control of the engineers and scientists that make up the majority of the earthquake
professional community. Social, economic and political factors create the remaining drivers and
necessitate a broad and multifaceted approach to improving school seismic safety.

Table 4. Observations of underlying drivers

Underlying driver | Location | Specific observations

Community built | Nepal Construction quality poor because communities forced to build schools without

buildings technical support. (Tamang and Dharam, 1995)

Bhutan | Community built school buildings damaged by 2009 earthquake (RGoB, 2009)
Scarcity of Global | Other pressing demands limit education department resources (Kenny, 2009)
resources Canada | Retrofit or replacement of unsafe schools perceived to compete with basic

educational needs of children for same limited funds (Monk, 2006)

India School administrators struggle to provide basic facilities (Jain, 2004)

Inadequate codes | Italy Inadequate codes before 1996; inadequate zoning (Dolce, 2004)

or seismic zoning | Algeria | Seismic hazard underestimated (Bendimerad, 2004)

China | Seismic hazard underestimated; codes inadequate prior to 1992 (CEA, 2008)

Lack of code Algeria | Little enforcement after centralized govt construction ended (Bendimerad, 2004)
enforcement Turkey | No construction site inspections (Gulkan, 2004)

Corruption of Global | Corruption circumvents regulatory mechanisms intended to provide safe buildings
enforcement and renders them ineffective (Kenny, 2009)

Unskilled or Algeria | Rural contractors less skilled; most professionals can’t design and build properly
unaware building detailed RC frame buildings (Bendimerad, 2004)

professionals India No licensing or proficiency requirements for engineers; building professionals

generally not competent in seismic safety related aspects (Jain, 2004)

Nepal Most new schools built by convention, not designed (Bothara and Sharpe, 2003)

Pakistan | Unskilled builders built poorly despite good materials (Mumtaz et al., 2008)

Turkey | No requirements for engineers, architects or contractors (Gulkan, 2004)

Lack of Turkey | Engineer of record is paid by developer, no independent inspection, no liability
accountability (Gulkan, 2004)

Lack of risk Algeria | Those responsible for school safety not aware of earthquake threat; parents
awareness unaware but very interested in seismic safety once informed (Meslem, 2007)

India Many government officials unaware of earthquake threat (Jain, 2004)

Pakistan | Professionals and builders unaware of earthquake threat (Mumtaz et al., 2008)

Failure to Canada | Schools not considered critical infrastructure, politicians uninterested; many other
prioritize schools buildings retrofitted before schools (Monk, 2006)

Urgent need for Global | Education for all initiatives create demand for many new schools in developing
large numbers of countries; earthquake safety not usually mentioned Wisner (2006), Kenny (2009)
new schools Algeria | Rapid expansion of education system led to poor construction (Bendimerad, 2004)

India 2001 earthquake badly damaged governmt precast schools built rapidly (Rai, 2001)

5. CONCLUSIONS AND RECOMMENDATIONS

A review of school earthquake damage and vulnerability assessment data shows that a number of
characteristics contribute to school buildings’ earthquake vulnerability, including those related to
configuration, structural type and construction materials, location, construction and inspection
practices, maintenance, and subsequent modifications. Of these characteristics, earthquake damage
reports cited non-ductile reinforced concrete frame construction, captive columns due to partial height
masonry infill walls under windows, generally poor construction quality and use of poor quality
construction materials most often as causes of damage. Vulnerability assessment reports cited
unreinforced masonry construction, poor maintenance, non-ductile reinforced concrete frame
construction, soft or weak stories and captive columns due to partial height masonry infill walls under
windows most often. Other commonly cited vulnerability generating characteristics were lack of
seismic design understanding by engineers or architects, torsional irregularities, vertical structural
system irregularities, and weakness due to numerous windows reducing solid wall area in masonry
buildings. In addition to these characteristics affecting the structure, schools often have exterior falling




hazards, inadequate exit pathways and unrestrained contents or fixtures.

Some local professionals have, in the literature, provided insight into the underlying drivers that create
the environment where unsafe school building are built or used, and which feed many of the
vulnerability-creating characteristics not directly tied to school function. Scarce resources, inadequate
seismic building codes, unskilled building professionals, and a lack of awareness of earthquake risk
and risk reduction measures were the underlying drivers cited most often.

The terrible consequences of school collapses make it crucial to better understand the characteristics
and underlying drivers that generate seismically vulnerable school buildings. Thus far, efforts to
collect and make available detailed data on earthquake damage to school buildings have fallen far
short of what is needed. Schools should receive focused attention in post-earthquake damage
inventories, beyond the often cursory chapter in a reconnaissance report. School jurisdictions should
share earthquake damage data they collect with the earthquake engineering community. Furthermore,
the earthquake professional community should support research that provides quantitative information
on the underlying drivers generating conditions that create or perpetuate school vulnerabilities.
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