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Abstract

Improving the structural resiliency of Caribbean homes has been largely ineffective, as was illustrated by
damage to the vast majority of the Grenadian housing stock by Hurricane Ivan’s winds in 2004. While
international and regional interventions have provided emergency post-disaster aid, sustained Caribbean
efforts to improve design and construction practices and foster sustainable mitigation activity are lacking,
with the limited projects not gaining much traction in the construction sector. This paper provides an
exploratory framework of the issues surrounding wind damage mitigation and the construction of
residential structures to improve overall hurricane resilience in the CARICOM states. It synthesizes 35
years of research findings about Caribbean hazard mitigation initiatives, many of which are not available
to researchers in other geographic settings. Critical avenues of future research to improve the resiliency of
the CARICOM residential building stock are identified and prioritized.

Introduction

Approximately 40 million people live in the Caribbean, with the largest populations living in the Greater
Antilles. The Caribbean region is subject to various natural hazards including tropical cyclones,
earthquakes and volcanoes. Historically, these events have caused extensive loss of life and property,
including the 20,000 lives lost on several islands during the hurricane of 1780; the 8,000 lives in the 1930
hurricane in the Dominican Republic; and the volcanic eruptions on Martinique in 1902 killing about
27,0000 people and on Montserrat since 1995 which has destroyed most of the island’s original
infrastructure. More recently, the enormous death toll after the 12 January 2010 earthquake in Haiti has
surpassed 200,000 (Centre D'Information du Gouvernement Haitien, 2010).

The larger scale hazard events occurring on Greater Antillean islands naturally tend to draw the world’s
attention. But the smaller losses that occur within the smaller island countries of the Caribbean
Community (CARICOM; see http://www.caricom.org) can be equally devastating, because huge
percentages of the population and country are affected (Lewis, 1999). A small hurricane can affect 100%
of a country’s population and damage 100% of a country’s infrastructure, as has happened many times in
the past.

The goal of this paper is to present engineering considerations regarding the challenge of structural
vulnerability for Caribbean islands and to discuss approaches that should be used to facilitate
improvements. The focus is on housing stock in CARICOM countries with wind damage from hurricanes
being the illustrative example used for technical details. Priority areas for additional research are
identified to improve the resiliency of the CARICOM housing inventory.



Historical Drivers of Hurricane Vulnerability in Housing

Ultimately, houses are damaged by hurricane winds because of social and political processes that created
and maintained human vulnerability—processes that failed to implement known engineering techniques
to improve the infrastructure’s structural resilience (Hewitt 1983; Lewis 1999; Wisner et al. 2004).
Islands, such as the CARICOM states, show remarkable vulnerabilities and ways of dealing with those
vulnerabilities, showing what can be achieved (Kelman and Gaillard, 2009; Lewis, 1999;
http://www.islandvulnerability.org).

Hurricane damage to houses and other low-rise buildings comes from a) extreme winds and flying debris;
b) storm surge and waves including debris in the waves and; c) torrential rainfall and freshwater flooding
that can cause landslides and mudflows, especially remobilizing lahars, and including debris. The
physical geography and land use/settlement legacy of the Caribbean also contribute to both the exposure
and vulnerability to hurricane related hazards. Many islands have topographic features that can produce
damaging wind acceleration, such as the volcanic spine of Lesser Antillean islands on Dominica and
Anguilla. Other low-lying islands like the Bahamas and Cayman Islands are susceptible to storm surge.

The CARICOM region’s housing sector today is reflective of the historical makeup and origins of the
Caribbean peoples. The provision of adequate housing has been an unfulfilled desire since the late 19"
century colonization period (Vigneault 1985). Hurricane-resistant construction of well-built early 20"
century residential housing (e.g. wood plank roof sheathing, steeper roof pitches), has been gradually
replaced by more vulnerable construction since the 1950s onwards, particularly in the roof structures,
which consist of light gauge (24 ga. to 26 ga.) corrugated galvanized iron roof sheeting fastened to 25 mm
by 100 mm wood purlins (laid flat) and spaced approximately 0.9 m to 1.2 m apart. Wood roof purlins are
nailed to wood rafters (nominally 50 mm by 100 mm) spaced 0.9 m apart and spanning from exterior
walls to a roof ridge board. The rafters or trusses are typically toe-nailed to a wood wall plate, although
metal ties have been introduced to several markets. The rafters may be constructed also as site-built wood
trusses with a horizontal bottom chord to support the ceiling. The corrugated metal panels are the primary
water barrier and serve as the structural diaphragm in the roof plane. Roof overhangs on residential
housing vary by island, from the relatively short 0.3 m to 0.45 m lengths seen in some islands where
hurricane occurrence are more frequent, to as long as 0.9 m or 1.2 m cantilever overhangs used in a large
proportion of Trinidadian homes.

The informal housing sector developed spontaneously without the benefit of control, urban planning or
engineered design. In contrast to the more formal housing sector where minimum standards exist (but
may not be strictly enforced), regulation of building construction practices in the informal sector is
generally poor. As a practical matter, poor construction techniques are linked to the limited technical
training of builders, and lack of enforcement. Although statistics are generally unavailable, informal
housing comprises a relatively large percentage of the total housing. Many of these owner-built dwellers
have limited training, skill and guidance. Their houses are structurally inadequate and these populations
are least able to afford to rebuild after a hurricane. Therefore, the vulnerability of residential structures
should be viewed in the context of three different vernaculars of Caribbean housing:

* The informal or “squatter” construction located in steep hillsides.
«The early 20™ century wood construction (many of which are still in use today).
* The contemporary concrete block wall structure.

The vulnerability of the housing stock is intertwined with the socio-economic condition of each island,
illustrated by effects of Hurricane Ivan on Grenada and the Cayman Islands in 2004. Although the wind



speed and storm surge from Ivan were far more severe in the Cayman Islands than they were in Grenada,
nearly 80% of Grenada’s housing was damaged with over 50% suffering major damage and 10%
completed destroyed, Gibbs (2004). In contrast, only 20% of houses in the Cayman suffered major
damage (Frederick 2004), despite an estimated wind loading in the Cayman that would have been over
1.5 times the wind loads in Grenada (Figure 1). Grenada’s hurricane damage of US$2.2 billion amounted
to roughly twice its annual GDP (OECS, 2004) and nearly 10,000 of 28,000 damaged homes had to be
completed replaced.
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The more wind-resilient performance of housing in the Cayman Islands is explained by its higher living
standards compared to Grenada- the Cayman Island’s GDP per capita is about four times Grenada’s — and
to long-term planning and implementation of hurricane-resistant features in construction, adoption of the
US Standard building Code, and the use of several inspectors and plans examiners to stringently enforce
minimum wind-resistant standards for building construction (Frederick, 2004).

Overall, the vulnerability arises due to choices made in determining population centers, establishing
minimum construction standards and enforcing those regulations. In most islands, major cities and towns
are located in low-lying coastal regions, since they also serve as the main ports. Examples include
Port-of-Spain, Trinidad; Bridgetown, Barbados; St. Georges, Grenada and the Seven Mile Beach area of
Grand Cayman Island. That appears to be a poor planning choice from the perspective of hurricanes, but
good reasons (the port facilities) existed for making those choices. The livelihood options offered by the
towns become a magnet for poor people seeking employment. They have no choice but to build or occupy
homes in unregulated housing areas around these municipalities that sometimes extend onto unstable
slopes and into floodplains.

Damage Assessment

Over the past 60 years, significant populations or island populations have been made homeless (e.g.
Montserrat due to volcanic eruption and St. Kitts after Hurricane Georges in 1998), and complete
industrial sectors decimated. Yet little regular and systematic research and dissemination exists to assess
the damage and to provide recommendations, that are followed up, for damage mitigation. Further the
focus of mitigation if it does exist remains on “infrastructure” that many times do not include the
inventory of existing houses. Mitigating natural hazard damage to civic infrastructure is more feasible
because ownership is somewhat better defined than with several thousands of houses. However, the effect
of housing loss may be disproportionately large, particularly for SIDS where the entire islands can be
directly impacted by a severe event. Further, the level of insurance or re-insurance available to



homeowners further limits their ability to recover. With limited research resources in the Caribbean
islands themselves, neither the personnel nor the coordinated technical knowledge is available to conduct
the damage assessment and sustainable re-construction completely within the region.

Following past hurricane landfalls, engineers have conducted damage surveys to document the damage
and estimate the vulnerability of Caribbean infrastructure and housing. Allen (1989) and Davenport
(1990) catalogued the extensive damage by Hurricane Gilbert in Jamaica in 1988 that caused economic
losses of approximately $1.6 billion (US dollars) or roughly two-thirds of the GDP. Hurricane Gilbert was
an engineering design level windstorm having peak wind gusts in the range of 58 to 63 m/s, with the eye
tracking along the centerline of the island. Approximately one house in four suffered significant damage,
and because damage to roofing was so extensive, water damage from rains exacerbated the damage to
interior structures and building contents.

Housing damage surveys were also conducted following Hurricane Hugo in Montserrat (Chin 1989;
Gibbs 1989), Guadeloupe (Berlianu and Barnaud 1990; Pointe-a-Pitre Chamber of Commerce 1989), the
US Virgin Islands (Marshall 1990) and Puerto Rico (Rodriguez et al. 1991); Hurricane Luis in Antigua
(Gibbs 1996); Hurricane Marilyn in the US Virgin Islands (Marshall and Schroeder 1997) and; Hurricane
Ivan in 2004 in the Bahamas, Grenada, Jamaica and the Cayman Islands (Dean 2004; Frederick 2004;
Gibbs 2004; Mortley 2004). Research on the Puerto Rican experience with hurricanes is presented in
(Pando et al. 2005) and (Lopez-Rojas 2005).

Will such damage occur in the future? The past decade has seen an important and notable southward shift
in the cyclonic tracks increasing the exposure and risk to the CARICOM islands of the Lesser Antilles
and Trinidad. A new multi-decadal cycle of increased cyclonic activity began in the mid-1990s, due to
favorable steering atmospheric flow, warmer sea surface temperatures and fluctuations in the
Bermuda-Azores high-pressure system. This shift in hurricane storm tracks is critical because the
perception and understanding of hurricanes as hazard waned in the quiescent period, leading to increased
human and structural vulnerability today.

Past Efforts to Reduce Hurricane Damage to Housing

The largest risk of hurricane damage is to the under-regulated private sector home. One of the first
international seminars on hurricanes sponsored by the United Nations Technical Assistance
Administration (UNTAA) and World Meteorological Organization (WMO) was held in the Dominican
Republic in 1956 (University of Santo Domingo 1958). Presentations on construction methods to mitigate
property damage and loss of life were complemented by lectures on the structure, formation and
movement of hurricanes.

The British Research Establishment (BRE) conducted a study and field construction project in St. Vincent
that overlapped with that country’s independence on 27 October 1979 (Eaton 1981; Mayo 1988). The
project ran from 1978 through 1980. It presented low-cost housing good construction practice that
incorporated engineering principles and applied hurricane-resistant connections using simple and
economic techniques for hurricane resistance. The main intent of these demonstrations was to construct a
structurally sound dwelling that is affordable by the low-income wage earner, and this meant that the
homeowner would complete most of the exterior cladding and finishes. A second objective was to provide
examples of hurricane-resistant connections between structural members, which were adapted from
traditional construction techniques.

Personal correspondence by the lead author Prevatt with the BRE and the Project Director Dr. Eaton in
1992 revealed that about 50 homes were subsequently constructed in the Barrouallie district. Eaton (1992:
personal communication) surveyed these structures and reported that they “were not as strong as they
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should have been”. Furthermore, modifications to the original houses were also made, but not to the same
cyclone-resistant standards as the main core. Several demonstration buildings were constructed and a
BRE seminar was held in St. Vincent to discuss the outcomes. There has been no follow-up study to
determine how these structures performed in hurricanes since construction.

In 1993, a Caribbean conference on natural hazards was convened to present research on the response to
volcanoes, earthquakes, windstorms and floods. A review of the 59 papers in the resulting proceedings
(Ambeh 1993) reveals a marked shift in research focus towards seismic risks (50 papers) and volcanic
activities (6 papers), with little focus (only 3 papers presented) on hurricanes and windstorms. More
recently, regional and national institutions have initiated engineering mitigation studies in response to
severe economic losses from hurricanes sustained by the CARICOM. These include the Caribbean
Disaster Mitigation Project (2001) project, the formation of the Caribbean Disaster Emergency Response
Agency (CDERA) by CARICOM (CDERA 2005) and structural engineering consulting in health
facilities (PAHO 1992). However, these efforts have lacked the sustained academic research within the
Caribbean, critical to improving the hurricane resilience of housing.

The observation of failure patterns and inadequate structural details demonstrates the ineffectiveness of
attempting to reduce hurricane damage to the CARICOM housing stock without concerted and sustained
engineering research and dissemination. Construction methods on the islands can develop in isolation
from other areas and once poor design and construction practices become accepted it is nearly impossible
to correct. The limited amount of engineering research of wind-resistant details and connections
applicable to the construction practice in the Caribbean makes it difficult to predict the performance of
structures at their ultimate limit state.

Ongoing Efforts to Reduce Hurricane Damage to Housing

One project focused on overcoming these challenges was conducted at the University of the West Indies
(Trinidad) establishing the first regional research project on hurricane-resistance of low-income houses, in
collaboration with the University of Waterloo, Canada. The multi-part Cyclone-Resistant Housing Project
(CRHP) project, sponsored by the International Development and Research Corporation (Canada)
included (a) structural surveys of houses in six CARICOM islands, (Jamaica, Dominica, St. Kitts, St.
Vincent, Grenada, Barbados, and Trinidad); (b) structural testing of typical roofing connections; (c¢) wind
tunnel tests on scale models of Caribbean house shapes and; (d) the development of historical hurricane
distribution charts (Imbert et al. 1994; Osborne et al. 1992).

Data was collected mainly through visual surveys of housing in low-income areas and limited engineering
surveys of some homes. Regional differences were observed in each island but generally the roof
structures were all poorly constructed using light-framing wood components. The prevalence of
toe-nailed connections in roofs is a large contributor to overall vulnerability of Caribbean housing to
hurricanes. As an example, a rather low 1.15 kPa (24 psf) suction that would occurs in design wind speed
of 46 ms™ (104 mph) well exceeds the typical design strength of toe-nailed wood connections at 0.53 kPa
(11 psf) for 2-nail and 0.67 kPa (14 psf) for 3-nail connections (Shanmugam et al. 2009), assuming a
factor of safety of 2.0. The likelihood of failure is increased in several double lean-to roof configurations,
first reported by Prevatt (1994) and found in many islands. The roofing cladding cantilevers beyond the
roof ridge, increasing the uplift loads on the main connections, as well as increasing the localized
components and cladding loads on the fasteners.
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The island of Trinidad has escaped direct hurricane strikes in most of the 20" century and, as a result of
poor untested construction methods, a high proportion of the most vulnerable construction predominates
both the formal and informal housing sectors. Particularly troubling is the relatively large cantilevered
roof eaves on most homes. These eaves extend from 0.9 m to 1.2 m (3 ft to 4 ft), even in the upper eave
location of the double lean-to roof configuration (Figure 3). The spacing of structural members (rafters
and purlins) was in the range of 1.2 to 1.5 m. In most cases these structural systems were found to be
inadequate to resist the design wind loads specified by the CUBIC (Caribbean Uniform Building Code)
code.
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One example of a project that focused on filling identified knowledge gaps is from the Association of
Caribbean States, whose Special Committee on Natural Disasters (the project was completed in 2003)
sought to update Caribbean building codes for wind and seismic design (Association of Caribbean States
2003). Unfortunately despite these efforts and a High-level (governmental) Conference on Disaster
Reduction held in 2007 in Haiti, the enormous losses from natural hazards continue to place a heavy toll
on Caribbean populations. Relevant agencies such as the Caribbean Disaster Emergency Agency have
suggested that focus be placed on mitigation, risk analysis and preparedness through an integrated
approach and framework for disaster mitigation (Collymore 2003).

More recently an improved wind load design criteria for CARICOM states has been proposed in the
publication of the Caribbean Application Document for ASCE 7-05 (Gibbs 2008). This document used in
conjunction with ASCE 7 (ASCE 2006) is set to replace the outdated CUBIC building code for wind
design. Although this new wind load standard document will be somewhat beneficial, it is unlikely to



significantly influence residential housing because the root causes of sub-standard housing remain
unaddressed. Inadequate training of construction workers and building officials, minimal inspection or
enforcement of minimum building code requirements will continue to result in extensive damage and
economic losses, particularly in the informal housing sector. Further, a new standard developed with
construction traditions from the United States in mind will not necessarily provide the same benefits,
particularly for housing that traditionally does not have professional engineering involvement. The new
code also will not affect the vulnerability of the existing housing stock that will continue to drive the
losses from future hurricanes for some time to come.

Recommendations for Moving Forward

The material presented herein demonstrates the high vulnerability of the Caribbean housing stock to
hurricane damage along with the knowledge available to tackle the problem. This situation is another
illustration of the science that describes how “natural disasters” do not exist (e.g. Hewitt, 1983; Lewis,
1999; Wisner et al., 2004) because society can make decisions to avoid disasters, even in the face of
natural hazards. The four recommendations here explain how to achieve that in this instance.

Local Decision-Making Coupled with Wide Cooperation. The emphasis needs to be on building local
capabilities with national support and initiative before a hurricane in order to avoid the need for
international response and relief after a hurricane. While training more Caribbean persons as engineers is
part of that, it is not the whole answer because most of the problems identified require limited technical
training to apply existing knowledge and identify inadequate details. It must be accepted that much of the
housing stock will remain beyond the engineering profession, so that medium and low-level technical
solutions carried out by workers, often homeowners, with limited training are the basis for reducing the
housing’s vulnerability. Prescriptive design standards, based upon performance-based engineering
research are needed to make the information accessible to the workers and to the building officials.

That is not problematic, but it will require the focus on building local capabilities. Such endeavors can
and should be led by the national governments, especially considering the small size of the island
countries. The national governments should also lead and maintain strategic cooperation across sectors
and among agencies within the region. That will help to share knowledge and to ensure that all islands are
up to standard. Another important aspect for building local capability is the mobilization of information
and communications technologies (ICTs) in the Caribbean to empower teaching and learning and to
disseminate critical information on disasters. Marcelle suggests that better use of ICTs can enhance
overall sustainable development in the region and place disaster management as a priority
recommendation to political decision makers (Marcelle 2004). The powerful benefits of ICTs have been
demonstrated in Haiti, where a wireless cellular phone communication network, has been the backbone
for its post-earthquake communication.

Additionally, it would be unrealistic to expect that all problems with the housing stock will be solved
before the next Caribbean hurricane disaster. Plans are also needed to ensure that reconstruction to
appropriate design levels starts immediately of hurricane-resistant housing, rather than repeating the
mistakes that led to the disaster in the first place. This can be achieved by implemented the lessons from
previous disasters regarding the appropriateness of and challenges in “Building Back Better” (Kennedy et
al., 2008).

Systematic Investigation. Long-term support of research can make significant improvement through
regional and international collaborations between CARICOM engineers and scientists and their
counterparts in the southeast United States universities that are addressing very similar issues. Similar
collaboration between Australian and US researchers has yielded tremendous progress. The CARICOM
region and all global regions exposed to natural hazards need to develop a better understanding of its



problems that result in workable damage mitigation solutions for housing. With their limited research
capability support should be provided at the university level to improve the engineering knowledge
available and to provide exchange of ideas and technical approaches.

Leadership must still come from governments who ought to facilitate the interactions of engineers, and
social scientists with the at-risk populations. The International Community can encourage this effort
through strategic support. Ahmad addressed this by urging Caribbean governments to develop scientific
tools and research for disaster planning and management and to take new findings and existing
knowledge into future risk planning (Ahmad 2007).

Examples of tasks requiring systematic investigation:

*The complexities of vulnerability around the case study sites, covering integrated development
planning, vulnerability indices, and continuing capacity development and exchange.

*Flooding and landslides are particularly hazardous to low-income housing that is likely to have been
constructed on poor land, and/or on steep-sided slopes with inadequate foundations and structural
bracing. Illustrative inventories of vulnerability buildings and why they are vulnerable would be
useful.

*Reports examining differing damage levels occurring between the formal and informal housing
sectors, especially looking at the level of engineering for the damaged dwelling.

*Improved databases of past disasters and the damage caused.

Apply Existing Knowledge and Meet Qutstanding Obligations. With the knowledge available from
recommendation 2, authorities must insist that future decisions regarding housing update the knowledge
base before those decisions are made. The Caribbean countries now generally have plans, policies,
procedures, and an agency for disaster risk reduction, but the level and implementation vary widely across
the region. Better regional coordination is helping to make them more equal and to assist when needed
and requested. But knowledge continues to advance, so continual work is needed to support the agencies
and authorities in incorporating that new knowledge into their work.

One example is insurance and re-insurance programs. In 1994, a program of action for island states (UN,
1994) mentioned insurance as being important for reducing housing vulnerability to disasters. Since, then
many of the Caribbean countries have been requesting international financial assistance to implement a
viable and affordable approach to insurance. In the update of the 1994 document (UN, 2005), insurance
was yet again mentioned. Some efforts have been made, but region-wide penetration has not happened
and lessons from elsewhere, such as micro-insurance in Bangladesh, have not yet been applied in the
Caribbean.

Dealing with Governance and Poverty. Governance and poverty are usually articulated as being the
root cause of vulnerabilities witnessed (Hewitt, 1983; Lewis, 1999; Wisner et al., 2004). Decades of
scientific studies not only demonstrate why these issues need to be tackled, as part of for instance
improving housing stock, but also how they can be successfully tackled. The Caribbean islands
demonstrate this further. Such poor construction practices occur on all islands and they appear to be tied
to poor economies and limited building code enforcement which is a governance issue.
Hurricane-resistant construction is more prevalent in countries with higher GDP (e.g. Cayman Islands, the
Bahamas) and those islands that have recently experienced hurricanes more frequently (in the northern
part of the Caribbean). The latter is about governance and a population aware enough of hurricanes to
choose to act regarding their vulnerability. Two development processes contribute to that for disaster risk
reduction:



First, participation and consultation based on education (e.g. Glantz, 2007). That view of education
as both formal and informal processes involving the participation of all groups within a community,
especially marginalized groups that often do not have an opportunity to learn or to teach.

Second, ensuring that different knowledge bases are constructively combined (e.g. Mercer et al.,
2009). Neither external scientific knowledge nor local or traditional knowledge should dominate or
be suppressed. Engineering can say what should be done to improve a house, but the locals know
how to ensure that will be done. It is not just the exchange amongst technical experts, mentioned in
recommendation 2, that is needed, but exchange between technical and non-technical people.

Examples of tasks that will deal with governance and poverty:

*Looking at warning systems as being community development over the long-term, not just the
technology when a hazard is available (e.g. Kelman, 2006).

* Improving land use planning for disaster risk reduction, as has been done in Samoa (Daly et al.,
2010).

*Not focusing on single hazards, but implementing multi-hazard approaches—also covering
multi-vulnerability approaches to address a community’s housing needs.

e Implementing a diversity of livelihoods that are viable over the long-term, rather than focusing on
the quick cash from tourism, since infrastructure development for visitors is pressuring authorities
to accept unsafe development.

These tasks require cooperation amongst scientists and engineers within the Caribbean, as well as
between the Caribbean and other, more affluent countries—in addition to collaboration beyond scientists
and engineers. In particular, these joint projects need to serve the locals who are suffering from wind
damage, rather than being left to the whims of donors who do not understand the local contexts or without
any implementation structure. An example of a project aiming to assist small island states deal with
climate-related hazards that displays many of the desired characteristics, especially regarding control by
islanders, is Many Strong Voices (http://www.manystrongvoices.org; Kelman 2010). Viewing the
engineering challenges within the context of wider governance and poverty topics will ensure that the
engineering challenges can be successfully resolved, thereby saving lives.

Conclusions

This paper documented the regular destruction of housing in the CARICOM states, the reasons for that
vulnerability, and priorities for vulnerability reduction. This research was developed by multi-disciplinary
team of engineers and scientists underscoring the complexity of the problems being addressed. Further
details for the hurricane research component will be soon published in the Natural Hazard Review
(Prevatt et al. (2010) in press). The vulnerability of CARICOM housing to hurricanes emerges from
inappropriate long-standing choices and policies made in housing structural design along with the limited
enforcement of established building codes. Natural hazards such as hurricanes may not be avoidable, but
natural disasters such as hurricane disasters are. More resources are spent on immediate needs to rebuild
damaged infrastructure, and not enough on developing, implementing, monitoring, and enforcing better
construction practices. The efforts are hampered by the lack of published research results in the
peer-reviewed literature and in reports that reach the people making day-to-day decisions. These problems
are widespread, unsustainable and more significant than originally perceived. Many accepted construction
details used in CARICOM housing have no engineering basis, increase the vulnerability of a structure,



and do not necessarily require skilled engineers to identify and rectify. Preserving human life and
mitigating structural damage demand the better application of existing knowledge.
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