
Through a coordinated engineering approach on the basis 
of anticipated consequences across systems (rather than  
individual structures), earthquake disaster mitigation action 
plans can be optimally prescribed and the engineers can 
minimize consequences of such extreme events through  
selected interventions.
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A ccording to UNISDR (2009), “A disaster 
is a serious disruption of the functioning 
of a community or a society involving 

widespread human, material, economic or 
environmental losses and impacts, which exceeds 
the ability of the affected community or society to 
cope using its own resources”. As represented by the 
expression below, disasters are often described as 
a result of exposure of vulnerable people (having 
insufficient capacity to cope with the potential 
negative consequences) to a hazard. 

In recent years, due to social and economic 
reasons, a large number of people are continuously 
migrating towards urban areas resulting in an 
increased magnitude of risk associated with 
structural collapse/failures in densely populated 
cities. The needs and structural complexities of 
buildings are extensively increasing creating new 
challenges in disaster risk management (Zain 
2014). 

The aim of an efficient disaster management 
system is to reduce (or avoid) the potential losses Authors:
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Vulnerability+Hazard+Exposure
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from hazards, to assure prompt and appropriate 
assistance to victims of disaster, and to achieve rapid 
and effective recovery. The Disaster Management 
Cycle (Figure 1) illustrates the process considering 
which, the governments and civil society make 
plan, react during a disaster, and take measures 
to recover after a disaster has occurred. Each 
phase of this cycle has its own requirements (in 
terms of tools, strategies and resources) as well as 
challenges. Appropriate actions at all stages can 
lead to more preparedness, better warnings and 
reduced vulnerability during the next iteration of 
this cycle. 

In April 2015, the central part of Nepal was struck by 
a strong earthquake of magnitude 7.8 on Richter 
scale. The epicenter was located at Barkpak village 
of Gorkha district which is 77 km NW of the capital, 
Kathmandu. The quake resulted in more than 
9,000 deaths and around 23,000 people injured 
in Nepal, India, China, and Bangladesh, apart from 
huge economic loss. Thousands of houses were 
destroyed across many districts of Nepal, with 
entire villages flattened, especially those near the 
epicenter. Several of the churches and temples 
(including several pagodas on Kathmandu Durbar 
Square, a UNESCO World Heritage Site) in the 
Kathmandu valley, were also damaged.
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Figure 1:  The Disaster Management Cycle
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The aim of an 
efficient disaster 
management system 
is to reduce (or 
avoid) the potential 
losses from hazards, 
to assure prompt 
and appropriate 
assistance to victims 
of disaster, and to 
achieve rapid and 
effective recovery.
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After every such tragic incident, beside cooperation 
in recovery and reconstruction process,  
serious attempts are made by international  
agencies and NGOs to devise efficient strategies 
for disaster risk reduction. Recent trends in 
national disaster management policies of  
developed countries are also showing an  
increased emphasis on mitigation. However we 
still require a holistic and integrated approach,  
especially for disasters with little or no warning 
(e.g. seismic activity).

Efforts are being made across the globe for devising 
measures to reduce losses from low-probability,  
high-risk seismic events. An important point to 
note is that regardless of the low probability of an 
event, its occurrence would cause losses which 
cannot be compared with those experienced 
at earlier times. As a result of such realizations 
among experts and professionals, two emerging  
paradigms are driving much of the research 
in this field (a) Performance-based Earthquake  
Engineering (PBEE), used by the Pacific  
Earthquake Engineering Research (PEER) group, 
and the (b) Consequence-based Engineering 
(CBE) framework, being developed and applied by 
the Mid-America Earthquake Center. The broader 
aim of these frameworks is to assist decision and 

policy makers in managing earthquake hazards. 

The basic idea of PBEE approach is that performance 
levels and objectives of an engineered facility 
can be quantified and its performance can be 
predicted analytically. Moreover, the cost of 
improved performance can be evaluated to 
allow rational trade-offs based on life-cycle  
considerations rather than construction costs 
alone. In performance-based design, clients,  
engineers and all stakeholders work together 
to achieve the best possible balance between  
construction costs and ultimate performance. 
This approach requires the structural designers  
to go beyond building code’s cook-book  
prescriptions and make them able to predict 
structure’s response in case of future extreme  
events. This also requires sophisticated structural 
modeling and simulation using state-of-
the-art computer software, and sometimes 
laboratory testing also. Although most of the 
recent developments on performance-based 
engineering are focused on earthquakes, the 
approach can be used for other disasters for the 
assessment, management and mitigation of 
risks associated with corresponding hazards. An 
overview of this approach is shown in Figure 3.

Figure 2:  Damages due to Nepal Earthquake in April 2015

Recent trends in 
natural disaster 
planning policies of 
developed countries 
are showing an 
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on mitigation. 
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Performance-based Engineering
Performance-based Engineering and Construction implies design, evaluation, and construction of  
engineered facilities whose performance under common and extreme loads responds to the diverse 
needs and objectives of owners, users, and society.
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Figure 3: Performance-based Engineering (Adapted from Stanford 2013)

Figure 4 presents an overview of second approach 
Consequence-based Engineering (CBE) towards  
disasters, as originally proposed by Abrams (2002). 
While performance-based engineering focuses  
on the desired performance of engineered  
facilities assessed through life-cycle analysis, 
the concept of “acceptable consequences” in  
Consequence-based engineering attempts to 
broaden the decision focus from purely technical  
to an integrated socio-technical systems  
perspective, and to take into account the  
potential consequences of earthquakes for society  
as a whole. It is a sequence of processes and  
decisions that identify what consequences are 
possible from a probable hazard, and the impact 
of specific mitigation interactions on reducing 
these consequences across a system of interest.  
It also quantifies the risk to societal systems 
and subsystems by working with policymakers,  
decision-makers, and stakeholders to ultimately 
develop risk reduction strategies and implement 
mitigation actions. 

In CBE, after defining the system of interest,  
anticipated hazards and likely consequences, 
a decision tree can be used to determine if the  
estimated consequences are acceptable or should 
be redefined (Abrams 2002). It is further checked 

if modeling parameters need to be refined or  
further system interventions need to be  
considered. If anticipated consequences 
exceed the tolerable ones, and no further 
redefinition of acceptability is feasible, then 
parameters defining the hazard and built 
environment can be refined and/or system 
interventions can be prescribed to minimize 
anticipated losses. Using this methodology 
iteratively, consequences can be estimated  
for a number of different system intervention  
strategies with various input parameters  
describing the hazard or the built environment. 
Hence, with such a coordinated approach to  
engineering on the basis of anticipated 
consequences across systems (rather than 
individual structures), mitigation action plans are 
prescribed in an optimal way and the engineers 
can minimize consequences of such extreme 
events through selected interventions.

The ultimate goal of both paradigms is to ensure  
safer, economic, and efficient infrastructure. 
These also represent the future of earthquake risk  
management and mitigation and have taken 
structural engineering practice to an advance  
level of creating optimized, reliable, and cost-  
effective structures. However the attempts and 

Consequence-based 
engineering attempts 
to broaden the 
decision focus  
from purely technical 
to an integrated 
socio-technical 
systems perspective, 
and to take into 
account the potential 
consequences of 
earthquakes for 
society as a whole. 
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desire to develop smart-enough and integrated 
disaster risk management systems to cope with 
problems associated with increasingly vulnerable  
communities, still have a long way to go. It  
requires an integration between various  
disciplines, stakeholders, different levels of  

government, and between global, regional,  
national, local and individual efforts. This  
integration is the ultimate key to minimize future  
economic loss, causalities and structural damage 
in disasters like Nepal earthquake. 

START

1. System De�nition
    de�ne system of interest
    de�ne hazard
    de�ne characteristics

2. Rapid Estimate of 
    Consequences
    quick assessment of likely 
    consequences

3. De�ne Acceptable
    Consequences
    de�ne stakeholder needs

Rapid Assessment

Are Consequences
Acceptable?

Should Acceptable
Consequences be
Rede�ned?

Should Parameters
be Re�ned?

Should System
Interventions be
Considered?

4. Decision Making

Done
con�dent that
consequences will be
acceptable

10. Prescribe System
Interventions to Minimize Consequences
rehabilitate or demolish
vulnerable structures, construct
new structures, re-route network
�ows, re-manage land use, etc.

Damage Synthesis

Consequence Minimization

Inappropriate
Solution
consequences will NOT 
be acceptable

6. Re�ne Inventory Estimate
further re�ne inventory of built
environment for more precise loss
assessment

7. Re�ne Fragility Relations
further re�ne vulnerability of built
environment with re�ned hazard
and more precise response
analyses

8. Re-Assess Social Impact
assess social and economic
consequences of event in terms of
re�ned hazard and inventory
estimates and fragility relations

9. Re-Visualize Consequences
examine e�ects of system alterations 
on reducing consequences

5. Re�ne Hazard Estimate
further re�ne hazard for more
precise loss assessment

Yes

No

Yes

Yes

No

Yes

No

No

Figure 4: Consequence-based Engineering (Adapted from Abrams, 2002)
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