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Introduction 
Disaster is a set of failures that overwhelms the 
capability of a community to respond without 
external help  when these three continuums 
intersect in space  and time (Okada et al., 
2014); people, society (i.e., a set of habitats, 
livelihoods, and social constructs), and complex 
events (e.g., floods, earthquakes). Single or 
multiple natural hazards cause disasters, which 
may extremely affect morbidity, homelessness, 
joblessness, economic losses, or environmental 
changes (Okada et al., 2014). Natural disasters 
are frequently happening all around the world, 
which cause loss of properties and people’s 
lives. Among natural types of disasters, 

landslides and floods are the most destructive 
that occur regularly (United Nations, 2012). 
High potential loss exposures of flooded cities 
and villages are; people, property, infrastructure, 
business enterprise, government centers, crops 
wildlife, and natural resources (Ghamghami and 
Irannejad, 2019; Mohh et al., 2019). The key 
drivers of flood disasters in urban and suburban 
areas are extreme rainfalls, nutrient and pollutant 
loading, rapid urbanization, climate change, 
and socio-economic trends (De Bruijn, 2004; 
Shafaghat et al., 2016a, Shafaghat et al., 2016b). 
Human activities trigger flooding disasters 
substantially; mainly through resurfacing of 
roads, deforestation, drainage system failure, 
land-use changes, and topography changes (De 
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Bruijn, 2004). Figure 1 shows the potential risk 
of urban flooding in countries around the world. 
As can be seen, most of the countries have the 
potential of flooding. China, Japan, Sri Lanka, 
India, Pakistan, Indonesia, Malaysia, and Haiti 
had  disastrous floods over the past two decades, 
causing billions in damage. Therefore, flood 
disaster settlement has become a frontier agenda 
for governments, engineers and developers of 
many nations in the world.

The ever-growing global population, 
demographic shifts, climate change, and 
increasing pressure on limited natural resources 
have all brought disaster management to the top 
of government policies. Disaster management 
and disaster settlement address the significant 
challenge of tremendous opportunities to 
promote  traditional techniques and technologies 
of building design and construction management 
(Surwase et al., 2019). The building and 
construction industry has realized that disaster 
settlements should fulfill users’ requirements 
while ensuring quality performance of the 
project life-cycle through a sustainable design 
and construction approach (Shafaghat et al., 
2014; Ubaura et al., 2016; Keyvanfar et al., 
2018). The construction industry has aimed to 
move toward projects that can build, operate and 
renovate more efficient and affordable houses, 
and simultaneously meet users’ needs and 

requirements more effectively. Therefore, it is 
essential to promote and upgrade the performance 
of construction management for the community 
and society who are directly exposed to natural 
hazards (De Bruijn, 2004; Gourbesville, 2012). 
Disaster management consists of a variety of 
actions and activities incorporated continuously, 
either sequential or parallel, in different degrees 
of emphasis (Atmanand, 2003). Accordingly, 
disaster management has two main phases; 
i) pre-disaster risk-reduction phase (includes 
activities such as preparedness, mitigation, and 
prevention), and ii) post-disaster recovery phase 
(includes activities of rehabilitation, recovery, 
and response) (Atmanand, 2003). On this basis, 
the researchers have initiated several disaster 
management theoretical frameworks, models, 
tools and guidelines. 

Sementelli (2007) states that theorizing 
disaster management aims to understand 
the nature of either human-made or natural 
disasters. It persuades the authorities, scholars, 
practitioners and users to find   answer to 
their rational and irrational questions on the 
disaster. As disaster affects numerous people, 
it needs special consideration through the 
lens of critical theory, post-modernism and 
resilience. There are several disaster theories 
and practices, from a simple approach to 
sophisticated tactics merging social, political, 

Figure 1: Global potential risk of flooding (in the country scale) (Source: United Nations, 2012)
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and economic aspects, meanwhile focusing 
on planning, response and preparation tasks 
(Gotham, 2007). These tasks have collaborated 
with management and mitigation, which is 
called disaster management and administration 
(Barnett et al., 2005; Sementelli, 2007). Disaster 
theories can be categorized into two dimensions 
(i.e., process and tools), and are clustered into 
four categories; i) decision-making or decision 
theories, ii) leadership and management 
theories (also called administrative theories), 
iii) social theories, and iv) economic theories 
(also called resource economic theories, or risk 
management theories) (Sementelli, 2007). The 
disaster theories cope with a series of stages, 
steps, procedures, heuristics and descriptions. 
ecision theory and administrative theory are the 
most common and most abundant categories, 
and current research has focused on them. 
Scholars have tried to promote disaster theories 
by combing the categories, integrating the 
complexity concept into categories, or even 
reframing   disaster management into a new 
framework (such as sustainable management, 
vulnerability management, etc). The current 
research has applied decision theories and 
administrative theories to frame a post-disaster 
management model which integrates the 
information access theory (initiated by Annand 
and Forshner, 1995), and data quality theory 
(initiated by Geale, 2012).

The decision theories are valuable tools 
commonly used for understanding practical 
goals through a minimum process. These theories 
have mainly emerged from the fundamentals of 
decision making science, such as classic decision 
making (e.g., Allison, 1971; Cohen et al., 1972). 
Decision theories have a variety of applications 
in disaster and crisis management; such as, 
public health (Barnett et al., 2005), adaptation 
(Lin et al., 2006), data simulation (Geale, 
2012), remote sensing, Geographic Information 
Systems (GIS) (Levy et al., 2005), and system 
theories (Coetzee and Van Niekerk, 2012). 
Notably, these varieties have claimed beyond the 
direct applications of concepts; for instance, risk 
perception (Barnett et al., 2005; Connor, 2006), 
and decision-making under uncertainty (Anand 

and Forshner, 1995). Recently, O’sullivan et 
al. (2013) have integrated complexity theory 
with decision theories and offered the reliance 
on classical and neo-classical approaches 
to decision-making in disaster management 
projects. On the other hand, the administrative 
theories have been developed based on the 
needs for long-term changes and leadership, as 
well as crisis leadership competencies (James 
and Wooten, 2005). Administrative theories 
have been used significantly for evaluating and 
predicting   climatic disasters (such as typhoons). 
Sementelli (2007) and Fairholm (2004) state 
that   administrative theories strongly need 
to be improved, being concurrently linked 
with   organizational and leadership science. 
As the leadership studies cope with change,   
disaster conceptions have to be changed as well 
(O’sullivan et al., 2013). Guikema (2009) has 
merged the elements of learning theory, role 
theory, and decision theory in a leadership study 
and developed a model called readiness model. 
The model deals with the functions of training, 
knowledge, responsibilities and roles, which lead 
to consistent behaviors, coherent, and rehearsed 
at all levels of the organization. Moreover, 
the resilience theory is under administrative 
theories which treats the communities to have a 
flexible design of the information and resources 
(Godschalk, 2003; Norris et al., 2008). 
According to resilience theory, the cities should 
have the economic resources which can aid in 
reducing risks and social vulnerability (Norris et 
al., 2008; Longstaff, 2005). 

Underpinning disaster theories, scholars 
have developed several disaster management 
models and tools. The major disaster 
management models comprise a series of 
activities, conditions, phases and resources, 
such as identifying resources, using resources, 
specifying actions and conditions. Incorporating 
these elements makes the disaster management 
models practical, effective and useful. For 
example, Ibrahim-Razi et al. (2003) model 
composes eight phases; inception of error; 
accumulation of errors; warning; failure of 
correction; disaster impending stages; triggering 
events; emergency stage, and settlement. 
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Kelly (1998) states that disaster management 
models can be clustered into three categories; i) 
Integrated models, ii) Logical models, and iii) 
Causes models. The integrated models (or   event-
action models) characterize the disaster phases 
by developing the functions, such as monitoring 
and strategic planning (e.g., Manitoba Integrated 
Model, and Weichselgartner Model) through 
four main components; hazard assessment, risk 
management, mitigation and preparedness. The 
logical models have simple disaster stages, and 
underline the basic actions towards disaster 
control and reduction (e.g., Expand and contract 
Model, Kimberly’s Model, Tuscaloosa Model, 
Circular Model). The causes models suggest the 
underlying causes of disasters and do not deal 
with the disaster stages (e.g., Crunch Model, 
and Release Model). Collectively, the disaster 
management models are mostly for recovery 
or mitigation and evaluating the economic and 
social aspects. Weichselgartner’s (2001) model 
conducts the assessment of possible damages 
(especially, assessment of vulnerability) and 
can reduce natural hazards and the potential 
damage. The Crunch model can identify 
the causes of a disaster, the progression of 
vulnerability, people’s demands, and estimate 
the unsafe conditions and dynamic pressure 
(Heijmans, 2001; Marcus, 2005). Some disaster 
management models can obtain the risk 
profiles. For instance, Keller and Al-Madhari 
(1996) have developed a probabilistic model 
capable of predicting the disaster magnitude 
consequences and returns. While, some models 
(such as Pressure and Release models) function 
reversely (Marcus, 2005). These models apply 
the preventive and mitigation theories to reduce 
the risk of disasters and prepare the community 
to deal with emergencies. 

In particular, a few disaster assessment 
models have been developed for evaluating 
the post-disasters. These models are such 
resilience system models, quantitative 
models, with post-disaster relief operation and 
humanitarian aid purposes based on OR/MS 
strategies (Operations Research/Management 
of Science strategies). Kou et al. (2014) state 
that most of the disaster assessment models 

have been developed based on multi-criteria 
decision making (MCDM) methods, expert 
systems, or integrated methods (combining 
survey questionnaire, MCDM methods, Delphi 
method, or fuzzy logic methods). Indeed, each 
disaster assessment model has specific scopes 
and series of limitations. For instance, Zhao 
et al. (2014) have developed a dynamic risk 
assessment model for flood disasters based on 
risk indices and projection pursuit theory. The 
model works from the full structure to detailed 
components. The model has employed the 
fuzzy analytic hierarchy method to determine 
the index weights, and the neural network 
algorithm to monitor the index system, as 
well as projection pursuit theory of clustering 
the spatial data. By confirming the risk level 
of the flood disaster, the model indicates the 
control strategies for local conditions. Arbon 
et al. (2012) have developed the community 
disaster resilience model, which comprises risk, 
vulnerability, available resources, relationships 
of community connectedness, planning and 
procedures. The community members can use 
this model to assess their disaster resilience, and 
plan for further resilience. The local government 
and emergency services can implement those 
plans for quality improvement. Tsai and Chen 
(2011) have developed a natural disaster risk 
assessment model, which is mainly used by 
the tourist industry and tourism asset owners. 
The model aids  risk analysis mechanisms, 
specifically, for the management of tourist 
facilities and the centralization of people in times 
of danger. Tsai and Chen (2011) state that most 
of the existing disaster risk assessment models 
are very costly and timely, and are applicable for 
high-value facilities (such as industrial parks). 
Kimberly’s (2003) model is a four-stage disaster 
assessment model that covers mitigation, 
preparation, response, and recovery phases, 
which focuses only on emergency management 
in hospitals. Vecere et al. (2017) have developed 
an emergency  assessment model for major 
earthquake events that can evaluate the shelter 
needs of displaced people. The model functions 
based on different scales of disaster (e.g., short-
term actions for temporary housing and public 
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sheltering and better local conditions). The 
model is useful and instrumental, especially for 
local governments. 

However, disaster management models 
have several shortcomings and limitations, 
commonly in standardized, replicable, 
independent and systematic approaches. isaster 
management models formerly used subjective or 
quantitative data. In contrast, advanced models 
use qualitative, systematic and objective data 
(capturing through satellite imagery, geocoded 
photographs, internet-based statistics, field 
surveys, etc.). Vecere et al. (2017) state that 
disaster assessment models need substantial 
improvement in the future. For example, 
ERGO-EQ and HAZUS-MH are the most well-
established disaster management software. 
Still, the main shortcoming of such software 
is to consider all indicators involved in the 
shelter needs estimation (Vecere et al., 2017). It 
could be understood that there is a gap in post-
disaster assessment models that could measure 
the performance of sustainable construction 
management key-drivers. Kelly (1998) states 
that developing the post-disaster assessment 
model is very useful because the disaster 
assessment model underpins theories. Therefore 
it can compare the actual conditions, which 
helps better understand the current situation 
and facilitate disaster management plans and 
processes. Also, the disaster assessment model 
can handle complexities while distinguishing 
the critical elements and has particular capacities 
in responding to severe time constraints (Kelly, 
1998). Furthermore, he states that the disaster 
assessment model should be primarily available 
for quantifying and measuring accurately 
and comprehensively the disaster events. The 
documented disaster management model can 
produce a standard, understandable basis for 
all involved, likewise, it can establish a perfect 
integration of relief and recovery efforts (Kelly, 
1998). Cumulatively, Asghar et al. (2006) state 
that the disaster management models have the 
following limitations; 

•	 Most of the models were designed to 
resolve disasters based on only four phases; 

mitigation, prevention, response, and 
recovery. 

•	 One comprehensive model does not exist, 
which is capable of conducting almost all of 
the significant activities, stages, and phases 
in disaster management through a logical 
sequence.

•	 The models do not ponder environmental 
conditions as a sensible element to the 
severity of a disaster.

To bridge the above-mentioned gaps, 
the current research aims to develop a novel 
universal post-disaster assessment model 
capable of evaluating the performance of 
construction management in flood risk-
reduction from sustainability point of view, 
called Sustainable Post-disaster Settlement 
(SPS) Assessment Model. To achieve the aim, 
the research has articulated two objectives based 
on decision theories and administrative theories. 
Objective one is to identify the performance 
indicators of construction management for post-
flood risk reduction and recovery after. The 
research will review the literature on disaster 
management underpinning the decision-making 
theories and administrative theories and using 
the Critical Literature Review (CLR) method. 
Then the research will cluster the performance 
indicators based on sustainability dimensions 
(i.e., social, economic, and technology) and 
construction management golden triangle (i.e., 
cost, quality, and time). Section three presents 
the CLR procedure and outcome in detail. 
Objective two is to measure the weights of all 
indicators using Content Analysis (CA) method 
and unity-based normalization methods. The 
SPS assessment model will formulate the 
index based on these weight values. Section 
three elaborates on the procedures and findings 
of the CA and normalization. Accordingly, 
the research has articulated three research 
questions. What are key performance indicators 
of construction management for post-flood 
risk reduction and recovery? How much each 
indicator can contribute to the overall post-
flood disaster settlement? And, how successful 
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is a construction management project l in post-
flood disaster settlement? Having the answers 
to these questions, the research will formulate 
the SPS assessment model, and then, the model 
will be validated through an expert-input study 
applying the Weighted Sum Method (WSM). 
Notably, the research flowchart was designed 
based on the waterfall process method. The 
waterfall process is the most established and 
simple method for index model development 
(Borecký et al., 2016). The waterfall process 
has a series of fundamental steps; model 
conceptualization, model design and analysis, 
and model testing. Accordingly, the research has 
followed the waterfall procedure (i.e., indicators 
investigation and identification, index model 
formulation, and index model validation), which 
are presented respectively.

Materials and Methods
Critical Literature Review (CLR) 
To fulfill the first objective of this study, the 
researchers investigated the construction 
management drivers for post-disaster settlement 
after floods by employing a critical literature 
review (CLR) method. Mingers (2003) states 
that vital literature review has four aspects 
of  criticism; critique of rhetoric, the critique 
of tradition, the critique of authority, and the 
critique of objectivity. The CLR method has 
an upward spiral review process, starting with 
defining the keywords and research objectives 
(Saunders and Rojon, 2011), which can lead to 
an accurate list of drivers. Thus, this research 
has applied the following keywords (either in 
a single of combination forms) to obtain the 
initial list of references; flood, post-disaster 
settlement, disaster theories, construction 
management, disaster management, and disaster 
modeling. The references were studied critically 
and evaluated for the potential ideas, and then 
the literature review was written for the first 
draft. Next, the keywords were redefined to 
undertake further searches while sticking to 
the research objectives. According to Mingers 
(2003), this stage can be replayed as long 
as the researcher’s thought is matured, and 

searching outcome is focused very precisely. 
The current research has conducted several  
literature screenings and narrowing them down 
to the most scientific databases; mainly, the 
International Journal of Disaster Resilience 
in the Built Environment,  International 
Planning Studies, Disaster Prevention and 
Management, International Journal of Project 
Management, and Journal of Civil Engineering 
and Architecture.  The screened literature 
was studied critically through summarizing, 
comparing, and different techniques to achieve 
the key drivers of construction management 
for post-flood disaster settlement. Besides, the 
CLR method has two approaches; deductive and 
inductive (Saunders and Rojon, 2011), which 
the current research has followed the deductive 
approach aided in designing the theoretical and 
conceptual frameworks based on the tested data. 
The outcome of the critical literature review 
was analyzed through the content analysis 
to understand the degree of citation of each 
indicator. 

Content Analysis (CA) 
By completing the CLR process, the research 
would identify the list of indicators. The Content 
Analysis (CA) method is a useful method to 
identify the quality of quantity and most-encoded 
indicators (Mayring, 2003). The CA method 
determines the frequency (i.e., depth of citation) 
of each indicator, which will be calibrated 
later through the normalization process. It is 
essential to interpret the quantitative results 
(i.e., depth of citation) of the content analysis. 
This research has conducted the following 
content analysis process instructed by Mayring 
(2003); i) Material selection (it has been 
conducted through critical literature review), ii) 
Descriptive analysis to assess the formal aspects 
of the materials (here, the number of citations to 
each indicator), iii) Category selection to define 
the structural dimensions and categories of the 
major topics of analysis (here, categorizing 
the criteria and sub-criteria), and iv) Material 
evaluation (here, to analyze and sort the citation 
data according to the structural clusters; social, 
economic, and technology). After completing 
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the content analysis, the research has conducted 
the normalization to determine the actual 
weights of all indicators, which were used in 
developing the SPS assessment model.

Normalization 
Normalization is a technique to make a normal 
distribution of data. The normalization aims to 
remove systematic technical effects that occur 
in the data analysis and to ensure technical bias 
has minimal impact on the results (Robinson& 
Oshlack, 2010; Batista & Monard, 2003;). 
This research has conducted the normalization 
to enable us to compare the content analysis 
outcome accurately and efficiently. This study 
has applied the rescaling normalization method, 
which rescales data values between 0 and 1. It is 
also usually called feature scaling or unity-based 
normalization (Robinson and Oshlack, 2010) 
(see Equation 1), where Xn is the normalized 
value. The scaling normalization method adjusts 
the values of different scales (here, depth of 
citation-DoC) to a standard scale. 

                                                              (Equation 1)

By completing the normalization process, the 
weight of each indicator will be determined, 
which will then be transferred directly to the 
SPS index. 

Weighted Sum Method (WSM)
For model validation, the research has conducted 
an expert-input study using the Weighted Sum 
method (WSM). The team of experts was 
involved in the expert-input study as the end-
users of the SPS assessment model. WSM is 
an optimization method making an alternative 
selection (Wang et al., 2016). WSM can convert 
a multi-objective to a single-objective (Marler 
et al., 2010; Lamit et al., 2013). Liu and Li 
(2009) state that WSM can “scale the set of 
objectives into a single objective by multiplying 
each objective with a user-supplied weight, and 
finally provides the equal weight of decision-
makers.” WSM produces a decision matrix 
based on the usability factors in a 5-point scale 

(where one (1) refers to poor to five (5) refers 
to very good) (see Equations 2 and 3). Equation 
3 indicates the consensus value. If the indicator 
receives equal or more than 70% consensus, the 
validity of the indicator will be approved. 

                                                 (Equation 2)

where,
‘Wi’, is the given weight by the expert involved 
in the expert-input study for indicator ‘j’ 
‘ai’, is the under-discussion indicator 

   ×100 = Consensus% (Equation 3)

where,
WSM(a)max , is the maximum possible weight of 
the under-discussion indicator ‘ai’

Analysis and Findings 
Construction Management Indicators of 
Post-disaster Settlement 
Post-disaster settlement is a dynamic process 
for replacing lost housing stock, returning 
buildings to pre-disaster state, returning to 
economic function, preserving buildings, and 
reducing vulnerability (Brown et al., 2008; 
Comerio, 2004). Rubin (1985) states that the 
quality and speed of the disaster settlement 
process are fundamentals. The measurement 
of successful settlement and recovery depends 
on; i) timeframe, ii) scale, and iii) perceptions 
(Rubin, 1985; Tyler et al., 2002). The timeframe 
factor extends to “the fate of the individual 
households or businesses which may not be 
determined until several years after the disaster.” 
The scale factor extends to different levels of 
damage, which should be analyzed collectively 
(in individual, household, business, community, 
or neighborhood scales). The perception factor 
extends to the perspective of the evaluators (i.e., 
independent, local, province, state departments, 
funding recipient, or funding provider). From 
the cost point of view, the construction of 
post-disaster settlement needs less duration, 
so less management costs than conventional 
construction. In contrast, minimum skilled-
workers and the minimum trading cost are 
required. Moreover, the construction managers 
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should provide the highest quality output by 
either skilled and unskilled workers. Besides, the 
post-disaster construction projects should take 
less time than typical types through reducing 
the activities and working hour supervision. 
Applying the CLR method, the study has 
investigated 42 construction management 
indicators. The indicators have been clustered 
based on the construction management golden 
triangle (i.e., time, quality, and cost), meanwhile 
were clustered based on the sustainability 
triple-bottom lines (i.e., social, economic, and 
technology). These classifications are supported 
by the disaster theories as well. Tables 1, 
2, 3 present the indicators, the definitions, 
and citations of each sustainability cluster, 
separately. 

Developing the SPS Assessment Model 
To fulfill the second objective, the content 
analysis method was applied to measure the 
weight (i.e., Depth of Citation (DoC)) of each 
indicator (see Table 4). According to Figure 2, 
the indicator SQ2 Layout Requirement has been 
mostly referred to in previous studies (DoC = 
13), which is followed by SQ1 Flexible Design 
(DoC = 11); hence, these indicators should 
be extensively considered in post-disaster 
construction management. Besides, Figure 2 
indicates the following indicators play significant 
roles in post-disaster settlement (DoC = 8); SQ5 
Available Resources, SQ6 Re-constructability 
/ Maintainability/ Reconstruction, EC1 Less 
transaction with a supplier, ET3 Accessibility 
to Local Resource, TC2 Less Life Cycle cost, 
TQ3 Availability, and TQ9 Material Handling. In 
contrast, the indicator EQ2 Low cost of Quality 
for Maintenance, has received the lowest result 
(DoC=2), which shows its minor contribution to 
the post-disaster settlement. 

Figure 2: Depth of citation of construction management indicators of post-disaster settlement
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Applying the normalization (Equation 1) 
has determined the normalized weight (X) of all 
indicators (see Table 5). To calculate the actual 
normalized weight (AX), the normalized weight 
(X) was multiplied to the Sub-cluster Average. 
The following presents the normalization 
calculation for indicator SC1 Affordable, as an 
example. 
Example; 
Indicator: SC1 Affordable 
Depth of Citation (DoC) = 6
Sub-cluster Average = 0.30

Referring to Table 5, by completing the 
normalization process, the value of one indicator 
(i.e., EQ2 Low cost of Quality for Maintenance) 
has led to zero. Hence, the constant values 
of the indicator equaled zero. Therefore, 
the indicator may miss  the index equation. 
Indeed, the inconsistent values could make 
data uncertain and ambiguous to interpret the 
index equation. As the normalization may make 
data go missing, the researchers had to handle 
it properly (Batista and Monard, 2003). The 
missing data may lead to errors, bias, or loss of 
efficiency in the assessment of the post-disaster 
settlement (Marler and Arora, 2010; Gelman 
and Hill, 2007). To handle the missing data of 

the indicator EQ2, we had to fill the data through 
the Single Imputation techniques, in particular, 
through the Attribute Mean Imputation method. 
This imputation technique is to complete the 
data matrix. It is to substitute and replace the 
missing data with a value based on the other 
information (here, the normalization data). 
The mean imputation retains such indicators 
removed from the data set (Howell, 2008). The 
mean imputation gives value to these criteria 
with the missing data since all of the criteria 
should be in the index model.

Figure 3 shows the cumulative Actual 
Normalized Weight of clusters (i.e., social, 
economic, technology) based on sub-clusters 
(i.e., cost, quality, time). As can be seen, the 
social cluster mainly contributes to post-disaster 
settlement compared to other clusters (AXS Sum 
= 2.298), significantly, its quality-associated 
indicators are very supportive (AXSQ=0.52). 
Notably, the time- associated indicators of the 
economic cluster are more critical than other 
clusters (AXET=0.39). Hence, these indicators 
should be primarily considered in the post-
disaster settlement. 

The SPS Assessment Model (see Equation 
4) was formulated by transferring the 
Normalized Weight Average values of the sub-
clusters, and Actual Normalized Weights (AX) 
of the indicators from Table 5. 

Figure 3: Actual Cumulative Normalized Weight of clusters based on sub-clusters 
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Sustainable Post-Disaster Settlement (SPS) Index = SPS Index Social + SPS Index Economic +  SPS 
Index Technology 

SPS IndexSocial = ∑0.30(NSCiXSCi)+ ∑0.52(NSQiXSQi)+ ∑0.21(NSTiXSTi)

SPS Index Economic =  ∑0.36(NECiXECi)+ ∑0.27(NEQiXEQi)+ ∑0.39(NETiXETi)

SPS Index Technology =  ∑0.25(NTCiXTCi)+ ∑0.32(NTQiXTQi)+ ∑0.35(NTTiXTTi)    	          (Equation 4)

where,
NSci, NSQi, NSTi; the consistent value for indicator ‘i’ in Social cluster, respectively, in Cost, Quality, and 
Time sub-clusters 
NEci, NEQi, NETi; the consistent value for indicator ‘i’ in Economic cluster, respectively, in Cost, Quality, 
and Time sub-clusters 
NTci, NTQi, NTTi; the consistent value for indicator ‘i’ in Technology cluster, respectively, in Cost, Quality, 
and Time sub-clusters 
XSCi, XSQi, XSTi; the weight is assigned by experts during case assessment for indicator ‘i’ in Social 
cluster, respectively, in Cost, Quality, and Time sub-clusters 
XECi, XEQi, XETi; the weight is assigned by experts during case assessment for indicator ‘i’ in Economic 
cluster, respectively, in Cost, Quality, and Time sub-clusters 
XTCi, XTQi, XTTi; the weight is assigned by experts during case assessment for indicator ‘i’ in T cluster, 
respectively, in Cost, Quality, and Time sub-clusters 

The model users can insert the case 
assessment data to Equation 4 to evaluate the 
construction management performance of 
their post-flood settlement. The below presents 
the extended SPS Index Social. Transferring the 
Actual Normalized Weights (AX) of the social-
associated indicators from Table 5 generates 
the Equation 5. The same can be done for the 
economic and technology clusters. As can 
be seen in Equation 5, each indicator has a 
consistent value multiplied to the weight values 
of  XSCi, XSQi, XSTi . The weight values of  XSCi, 
XSQi, XSTi should be assigned by the model-user 
during their case assessment (through field 
survey or interviews) using a 5-point scale 
(where one refers to poor to five refers to very 
good).

The SPS Assessment Model defines four 
grades based on the index scores; Gold, Silver, 
Bronze, and Not certified. The SPS IndexMax 
was calculated by assuming value one as the 
maximum possible value to all indicators. By 
assigning value one to all indicators in Equation 
4, the SPS IndexMax equaled to 5.555. And, of 
course, by assigning value zero to all indicators, 
the SPS IndexMin equaled to 0.000. Referring to 
the below grades, the Gold grade refers to the 
best grade when the indexing score is between 
5.001 and 5.555, while the Bronze grade refers 
to the lowest grade when the indexing score is 
between 1.001 and 3.000. A score of less than 
1.000 is a fail.

The extended SPS Index Social; 

SPS Index Social =  ∑0.30 [(0.110XSC1+0.083XSC2+0.083XSC3)] + ∑0.52 [(0.0425XSQ1 +0.519XSQ2+0
.047XSQ3+0.0236XSQ4+0.283XSQ5+0.283XSQ6+0.0948XSQ7)] + ∑0.21 [(0.039XST1+0.019XST2+0.077
XST3)]

(Equation 5)
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Validating the SPS Assessment Model 
Once a new model has been developed, it should 
be validated. The validation of the new model or 
analytical method is a testing process to determine 
and prove whether the model is feasible, 
capable, and useful for its intended purposes 
and conditions (Lavanya et al., 2013). The 
validation procedure can provide the researcher 
the quality-control  and regulatory requirements 
of the advanced science through the quantitative 
tests. The validation indicates whether the model 
outputs are accurate, reproducible, reliable and 
valid. Hence, the validation can establish the 
specificity, sensitivity, and reproducibility of 
the model (Belouafa et al., 2017). Accordingly, 
this research has conducted a usability study to 
validate the SPS assessment model. The usability 
study can determine the closeness of model 
results to the valid values. The usability study 
evaluates technical and operational aspects to 
observe the impairment or deficiencies in using 
the model, if any. Scholtz (2006) and Seffah et al. 
(2006) state that the usability study by end-users 
aids in collecting their feedback and satisfaction 
on the interpretation of data. The usability study 
has the following nine factors: effectiveness, 

efficiency, productivity, learnability, satisfaction, 
accessibility, trustfulness, usefulness, and 
universality (Seffah et al., 2006).

The SPS assessment model was validated 
from two aspects; research goals (i.e., research 
concept, indicators, and clustering), and  
collecting and processing (i.e., the field survey 
and interview which are used for data collection, 
and SPS indexing which is used for data analysis). 
These aspects have been validated across nine 
usability factors. Table 6 presents the results 
of WSM for the usability validation of the SPS 
assessment model. The validation results show 
that the experts had an overall consensus on 
the model’s usability since all usability factors 
have received the minimum saturation (i.e., 70 
% saturation). According to Table 6, the experts 
had 100% consensus on some of the usability 
factors (i.e., efficiency, learnability, accessibility, 
and universality) associated with research 
goals, as well as, effectiveness, productivity, 
accessibility, universality of the data collecting 
and processing. In some cases, the experts agreed 
with 93% and 86% saturation. Collectively, the 
research asserts that the SPS assessment model 
is valid sufficiently to be practically used.

5.001 ≤ s ≤ 5.555: Gold: The social-economic-technical 
performances of the construction management project have 
significantly supported the post-flood disaster settlement. 

3.001 ≤ s < 5.000: Silver: The social-economic-technical 
performances of the construction management project have 
properly supported the post-flood disaster settlement.

1.001 ≤ s < 3.000: Bronze: The social-economic-technical 
performances of the construction management project have 
fairly supported the post-flood disaster settlement.

0.000 ≤ s < 1.000: Not certified.

SPS grading 
scores (s):
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Discussion  
Governments are often required to tackle 
disasters by increasing their capacity and 
knowledge in construction management and 
technologies that are sustainable, green and 
trustable. The primary issue of post-disaster 
construction is usually defined as re-building 
the physical environment by emphasizing on 
housing in the recovery programs (Keyvanfar 
et al., 2014). Hence, post-disaster construction 
and immediate housing have become the 
primary target for local authorities, construction 
managers, civil engineers, and communities.  

Disaster management models mostly focus on 
disaster issues through mitigation, prevention, 
response, and recovery; however, these models 
are not able to cover all dimensions of disaster 
management, and have some limitations. For 
example, the integrated models comprise most 

of the disaster management plans and activities, 
and response to recovery activities, not specified 
activities. Or, the logical models establish the 
conceptual frameworks for only primary disaster 
management actions and cannot conduct risk 
management and hazard assessment. Hence they 
cannot describe beyond these stages. Moreover, 
the causal models focus only on unsafe 
conditions and identify just the core pressure and 
root causes of a disaster. his research resolves 
these shortcomings by establishing a sustainable 
disaster assessment model focusing on post-
disaster settlement after flooding, called the SPS 
assessment model. As flood disaster destroys 
the functions of the community’s buildings and 
transportation infrastructure for a short and long 
period, the SPS assessment model has been 
developed based on two approaches; socio-
economic resilience (i.e., maintaining the system 
structure, function, and transition management), 

Table 6: Usability validation of the SPS assessment model 

Usability validation factors
SPS Assessment 

Model 
Characteristics

w1 w2 w3 WSM(ai) WSM(a)max Consensus

Usability 
factors

Efficiency

Goals:
i.	Research 

Concept
ii.	 Criteria
iii.	 Clustering

5 5 5 15 15 100
Effectiveness 4 5 4 13 15 86
Productivity 5 4 5 14 15 93
Satisfaction 4 5 4 13 15 86
Learnability 5 5 5 15 15 100
Trustfulness 5 5 4 14 15 93
Accessibility 5 5 5 15 15 100
Universality 5 5 5 15 15 100
Usefulness 4 5 4 13 15 86

Usability 
factors

Efficiency Data Collecting 
and Processing:

i.	 Field survey 
ii.	Interview 

survey
iii.	Linear 

index 
formula 

5 4 5 14 15 93
Effectiveness 5 5 5 15 15 100
Productivity 5 5 5 15 15 100
Satisfaction 5 5 4 14 15 93
Learnability 4 5 4 13 15 86
Trustfulness 5 5 4 14 15 93
Accessibility 5 5 5 15 15 100
Universality 5 5 5 15 15 100
Usefulness 4 5 4 13 15 86

Note: Consensus is calculated through Equation 3.
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and technical infrastructure resilience (i.e., 
system response and recovery). 

Theoretical Implications of Findings
The decision theories have an outcome-based 
and data-driven approach, and the administrative 
theories have a process-based approach, while 
both of the theories are primarily tactical-
focused types of theories (Sementelli, 2007). 
The SPS assessment model has presented a new 
approach to sustainable disaster management 
for post-disaster responses. Sustainable 
advancement was made in the realm of post-
disaster theorizing and development. Applying 
the SPS assessment model aids in understanding 
the cost-quality-time risk control across 
sustainability dimensions (social, economic 
and technology aspects), which is supported 
by decision-making theories and administrative 
theories. 

The SPS assessment model has applied the 
decision-making theory to frame the disaster 
theories from different contexts; information 
access, data quality and perception. Sementelli 
(2007) states that the decision-making theory 
is consistent; however, disaster management 
is an interdisciplinary field of research and 
still developing. Sementelli (2007) and Mille 
(2002) state that the decision theories of 
disaster management science are lacking from 
some aspects, which is seen in policy studies. 
The decision theories have a reliance on 
hyper-rational structures, top-down approach, 
production-line models, and process-based 
concerns. Sementelli (2007) states that the 
decision theories are such order-based rational 
models and somewhat encompassing the 
context, issues, and contents of disasters. In 
this regard, the SPS assessment model has 
followed the basics of administrative theories of 
disaster, which needs to respond and rebuild in 
a timely way; in particular, coordination among 
structures, personnel, emergency responders in 
the context of decentralization of construction 
management. Kapucu and Garayev (2011), and 
Voogd (2004) state that administrative theories 
have some limitations in command and control-

based disaster prevention systems; however, 
the decentralization can recover it through an 
integral process. Smits and Ally (2003) state that 
integrating the management team’s discussion 
through an assessment process is a practical 
mechanism to support the administrative 
theories. On this basis, the SPS assessment 
model provides a decision-making platform for 
all managerial and organizational levels involved 
in the disaster settlement project. Hence, the 
SPS assessment model focuses significantly on 
managerial and administrative aspects through 
performance measures, output control, stringent 
control over resources, and decentralization. 
These notions of streamlined managerial 
operations have a certain tacit appeal, especially 
when recovery efforts become obstacles and 
negative forces. 

Moreover, the primary motivation of 
advances in disaster theories was on integrating 
potential linkages among disaster management 
constructs, mainly, by adapting decision-making 
science and policy-making and demonstrating 
the idea of vulnerability management (Smits 
and Ally, 2003; Kouzmin, 2007). In this regard, 
scholars have consistently expressed the need 
for a common language, recognition of the 
multidimensional nature of disaster management 
(i.e., physical, social, economic, and political 
aspects) (McEntire and Fuller, 2002). The 
current research has significant implications for 
disaster and administrative theories, particularly 
in decentralizing the structure and nature of the 
post-disaster management system. Indeed, any 
effort to guarantee the quality and risk control 
after disaster management must be in support 
of the decision-maker network. For instance, 
the SPS model highlights the flexible design, 
which was not included in prior post-disaster 
management models. Furthermore, governing 
post-disaster interventions can be better guided 
by local authorities, NGOs (non-governmental 
organizations), and engineers, which are the 
central disaster management agencies, that often 
are not able to comprehend the complexity  of a 
crisis. Using the SPS model enables these parties 
to convert and transform their experiences into 
the list of lessons-learned and best-practices. 
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Meanwhile, using the SPS model provides 
opportunities for respective model-users (i.e., 
construction managers, civil engineers, local 
authorities, etc.) to play coordination roles more 
effectively. 

Practical Implications of Findings
Construction management professionals are 
trying to inspire the country-based perspectives 
of post-disaster management to a more consistent 
and detailed global-based perspective. In this 
regard, the researchers in different disciplines 
(construction management, civil engineering, 
urban development, transportation, and 
public health) are attempting to tease out the 
inconsistency and inherency of existing country-
based post-disaster management models, and 
develop a holistic solution. Thus, the SPS 
model was pursued to merge the decision-
making theories and administrative theories 
into a unique system. The SPS model, as a 
universal decision support tool, can aid civil and 
construction professionals for either ongoing or 
future disaster management projects.

In particular, the SPS assessment model 
aids construction and civil professionals to 
control the negative consequences of flood 
disasters. It mainly helps to evaluate the social, 
economic, and technology dimensions of 
sustainable construction management in the 
post-disaster management projects. The analysis 
results of the SPS model can determine the 
strengths and weaknesses of the construction 
management system in handling post-disasters. 
Accordingly, construction professionals can 
make the most suitable recovery decisions and 
plans for their flooded communities. The SPS 
assessment model is highly recommended for 
construction professionals, especially in tropical 
regions. The model was developed based on a 
robust theoretical and conceptual framework, 
covering 42 key drivers for post-disaster 
settlement. The model was developed based on 
a tight methodology to measure weights of these 
indicators while designing an uncomplicated 
simplistic procedure for data collection and 
data processing; so, the SPS model offers 

exceptional capacities in quick response 
at severe time constraints. The SPS model 
collects first-hand data through field surveys 
and interviews with experts, hence, it makes a 
common and understandable basis for all users, 
either professionals, practitioners, or community 
members. Besides, the SPS assessment model is 
such a universal and logical disaster assessment 
model (like Kimberly model and Tuscaloosa 
model); hence, it has uncomplicated disaster 
management stages through standardized and 
systematic approaches. 

Conclusion
The research highlights an essential need 
for evaluating the construction management 
capacities in post-disaster management 
principally after floods. To address the need, 
this research developed a novel tool called 
Sustainable Post-disaster Settlement (SPS) 
assessment model, which can evaluate and 
quantify the construction management 
performance and capabilities on post-disaster 
settlement of flooding. Notably, the SPS 
assessment model evaluates the performance of 
construction management projects across human 
resources, financial resources, and machinery 
technologies, as well as, time, cost, and quality 
dimensions. The SPS model is such a universal 
multi-criteria decision-making tool and a logical 
model that covers 42 construction management 
indicators. The conceptual framework of the SPS 
assessment model has abstracted the complicated 
assessment procedure of post-disaster settlement 
into a simple index formula. Therefore, the 
model users (e.g., construction managers, 
developers, civil engineers, and contractors) 
all around the world can use it to control the 
negative consequences of flood disasters quickly 
and efficiently. By implementing the model to 
the real cases, the construction professionals 
can recognize the strengths and weaknesses 
of their post-disaster construction practices. 
Accordingly, construction professionals can 
make the most suitable recovery and settlement 
plans for the flooded community and areas. 
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The research faced several limitations 
regarding the model’s construct, calibration 
and implementation that can be resolved 
in future research. In particular, we need to 
shift our thinking mainly to sustainable post-
disaster reconstruction. The SPS model has 
focused on the construction phase of post-
disaster settlement; however, the architectural 
or structural phases could be covered as well. 
Besides, post-disaster management did not fit 
neatly into the disaster management mainstream. 
Hence, post-disaster management needs to be 
improved through taking advantage of other 
theories and concepts (such as sustainability 
concept, Gramscian or Foucault social theories); 
otherwise, it remains in its infancy. So, there 
is room to continue and extend this research 
in the future to enhance the SPS model’s 
usability, feasibility, and serviceability. The SPS 
model is rich in theoretical backgrounds and 
qualitative assessment, but it cannot conduct 
the quantitative assessment like computable 
equilibrium models. Merging the SPS model 
with other MCDM methods, Fuzzy methods, 
or GIS-based methodology would promote 
its accuracy of evaluation and assessment. 
Significantly, the Fuzzy methodology can 
integrate data and scales, and can measure the 
qualitative data precisely; therefore, the outputs 
will reflect uncertainty and exactitude. Also, 
the research  sought to calibrate the criteria and 
validate the model to extend empirical data. The 
complexity of the SPS model suggests advanced 
computing methods for further calibration and 
normalization. For instance, generic algorithms 
and artificial neural networks would be the 
appropriate methods to this end. Also, the SPS 
model can be integrated to ArcGIS to facilitate 
the actual and real-time spatial data analysis in 
different scales (i.e., regional, city, district, or 
neighborhood) for visualization of the outputs, 
settlement dynamic spatial data, modeling 
household recovery, and querying the numbers 
of recovered houses after flood. Finally, the SPS 
assessment model can be promoted to stand-
alone or web-based software in the future, which 
may make it more accessible and applicable 
globally. 
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