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ABSTRACT
Considering time and budget limitations, implementation of a simple and feasible method for
prioritizing retrofitting and demolish/reconstruction projects of school buildings has been and still is
one of the most challenges for the responsible organization. In this paper, the factors influencing
decision making process for prioritizing retrofitting and demolish/reconstruction projects of school
buildings under supervision of “State Organization of School Renovation, Development and
Mobilization of Iran” are determined. These factors are based on the results of the questionnaire
distributed among several engineers in different parts of Iran who are involved in these projects.
Finally, by implementing this method into the portal of this organization, prioritizing of the projects
can be made by a simple and systematic method.

INTRODUCTION
Studying and implementation of retrofitting and demolish/reconstruction projects of school buildings
necessitates utilizing a systematic approach in the level of regional level. The importance of this issue
becomes more highlighted when considering limited time and budget for implementation of these
projects. It is worth mentioning that the only time available for executing these projects is summer.
Moreover, although more than 70 million U.S Dollars has been dedicated for implementation of
retrofitting and demolish/reconstruction projects of school buildings by the government, small amount
of this finance can be finalized at a specific time. Another issue is lack of professional consultants and
contractor in the realm of seismic retrofit of school buildings. In conclusions, only a small number of
the eligible school buildings can be retrofitted or demolished/reconstructed in each year.
In this paper, proper factors influencing decision making process are determined after
brainstorming with several engineers and technician throughout the country. By implementation of
these factors into the prioritizing algorithm and finally utilizing this algorithm in the portal database of
“State Organization of School Renovation, Development and Mobilization of Iran” (Figure 1),
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thousands of retrofitting and demolish/reconstruction projects of school buildings are prioritized and
the most needy ones are decided for implementation for the upcoming year.

Figure 1. The portal database of “State Organization of School Renovation, Development and Mobilization of
Iran”

A GLIMPSE OF DECISION MAKING AND PRIORITIZING METHODS
There are numerous sophisticated methods in the area of decision making and prioritizing and these
concepts have been in the center of attention of researches for many years. These concepts have been
increasingly utilized in civil engineering in recent years. For instance, in order to decide a case study
building to be retrofitted by one of the available methods or decision on the specifications of insurance
of buildings we need one of the aforementioned methods on which there are several authentic
researches. Several options are available for the achievement of the vulnerability reduction goals, each
of those having peculiar performances in respect of different technical and non-structural criteria.
Selection of the best solution is a non-trivial task, because criteria may conflict each other. MultiCriteria Decision Making (MCDM) methods may be useful in the matter, allowing to rank the overall
performances for the set of alternatives and, therefore, to identify the optimal one.(Caterina et al.,
2006).
Damian et al. have proposed A risk-management framework, initially only for Italian school
buildings has been developed to assign priorities for the rehabilitation, and to give timescales within
that retrofit or demolition must take place. Since it was not practical to carry out detailed assessment
for around 60,000 Italian schools, the framework has been a multiple-level procedure that aims to
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identify the highest-risk buildings based on filters of increasing detail, and have reduced the size of the
building inventory at each step. Finally, priorities and timescales have been assigned based on
vulnerability, seismic hazard, and building occupancy, within a general framework with parameters
that must have been assigned by the relevant authorities. The methodology is transparent, technically
based, and flexible enough to be adapted for other building types or regions (Domian et al., 2007).
Borzouie et al. have done a financial analysis of retrofitting masonry buildings and describing
outcomes of this evaluation on optimizing of retrofitting projects. In this research, in the first step,
total cost and financial distribution of projects that were retrofitted by Typical Retrofitting Pattern
(TRP) and complete retrofitting are compared. In the next step, cost distribution between structural
elements is evaluated and compared with their overall seismic performance buildings. Finally, the
effect of minor changes of structural details of the total cost of retrofitting is assessed. The results
show that the TRP strategy has financially preference on other current methods and could be a useful
strategy to deal with a large amount of buildings like schools. Moreover, the detail improvement,
considering cost distribution between structural elements and total cost that is dedicated to
architectural, electrical and mechanical facilities have a considerable effect on total cost of the
projects. At last, a simple procedure for prioritizing the retrofitting projects is proposed (Borzouie et
al., 2012).
Kabir et al. have presented a comprehensive review on the application of multi-criteria decisionmaking (MCDM) literature in the field of infrastructure management. The results suggest that there is
a significant growth in MCDM applications in infrastructure management applications of MCDM over
the last decade. It has also been noted that many decision support tools based on multiple MCDM
methods have been successfully used for infrastructure management (Kabir et al, 2013).
In many cases of this kind, fragility curves a one of the most capable options in decision making
is utilized (Chang & Shinozuka, 2004 and Li & Ellingwood, 2009). These curves, by their
probabilistic approach towards seismic performance of buildings, greatly assist in decision making
processes. In doing so, fragility curves of a special building or a typical building representing a
considerable number of its type is derived based on a considerable number of analyses. However,
since there are numerous structural types as school buildings in Iran, deriving fragility curves for each
of the case is not practical. Therefore, other methods should be considered in order to lead to
quantitative performance indices.

PROPOSED ALGORITHM FOR DECISION MAKING AND PRIORITIZING
SCHOOL BUILDING FOR RETROFIT AND DEMOLISH/RECONSTRUCTION
PROJECTS
Figure 2 shows the flowchart of the proposed method for decision making and prioritizing school
building for retrofit and demolish/reconstruction projects. One of the main distinctive features of the
algorithm is its independency of structural analyses either in the form fragility curves or any other
numerical simulations, making it proposer for decision making process in large sales. In this part, each
of the steps in the abovementioned flowchart is elaborated.

Figure 2. Proposed algorithm for decision making and prioritizing school building for retrofit and
demolish/reconstruction projects

I.

DETERMINATION OF DECISION MAKING PARAMETERS

In this steps, all parameters and factors influencing decision making process should be taken into
account. It is noteworthy that the mentioned parameters are the results of the questionnaires distributed
among several engineers and technicians involving in the retrofit and demolish/reconstruction projects
as the results of a 6-year experience in these projects throughout the Iran country. These parameters
are listed in Table 1. It is recalled that these parameters are not necessarily the only parameter
influencing the seismic vulnerability of school buildings. For example, the filler-joist or jack-arch roof
system has very different effects on seismic performance of school building greatly. However, since
many of the masonry school buildings in Iran have the latter roof system, this parameter is excluded
from the decision making parameters.
Table 1. Decision making parameters
Types of parameter

Applicability

Regional

Region seismicity
Construction year

Parameter
name
RG-1
TC-1

Technical

Venerability index

TC-2

Number of stories

TC-3

Functionality

RS-1

Normalized area

RS-2

Residency

4

Descriptions
P.G.A. of the area
Building age
Considering structural type, roof system
and regularity
School population times hours of
serviceability considering educational
shifts
School population divided by school
area
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It is noteworthy that the decision making parameters can apply for all structural types.
Moreover, cases including making use of school buildings for disaster management immediate
occupancy or school buildings located in areas with decreasing population are not taken into account
in this study. Besides, the cost of retrofit or demolish/reconstruction projects which can be a burden is
not included in the propose algorithm. In other words, the main objective of performing these
upgrading projects is to save lives of as many as students possible in the shortest possible time; no
matter how much cost would performing these undertakings necessitate.
II. QUALITATIVE AND QUANTITATIVE EVALUATION OF SCHOOL BUILDINGS
In this step, evaluation of each school building schools is performed based on the previously
mentioned decision making parameters. Evaluation of seismic vulnerability of school buildings are
performed by rapid assessment of building according to the procedure of Code364 and Code376. This
assessment is finally transformed to the vulnerability index which is utilized in the proposed methods
after performing some modifications(Code364, 2008 and Code376, 2007). It is worth mentioning that
the main factor influencing the costs of retrofit and demolish/reconstruction projects is the area of
school building. Other factors including year of constructing, has minor relation with the total costs of
the projects.
III. WEIGHTING THE DECISION MAKING PARAMETERS
In order to compare the decision making parameters presented in Table 1, it is necessary to assign a
weighting factor to each of them. In this part, a system for weighting the decision making parameters
derived in the previous section of this paper proposed as shown in Table 2. In this weighting
mechanism, the larger the number means the greater comparative importance of the first decision
making parameter to the second one. After negotiation with several engineers and technicians, the
comparative weighting factors shown in Table 3 are concluded. In order to ensure the coherence of the
selected weighting factors, the coherence coefficient of the matrix maybe computed according to (1).
In this equation, max is the larger eigenvalue of the matrix which is in this case is 6.56 and therefore,
this coefficient is 0.079 for the matrix of Table 3. It is noteworthy that the coherence coefficient of this
matrix may not be greater than 0.1 (Caterina et al., 2006).

CR 

max  6

(1)

1.41(6  1)
Table 2. The proposed weighting factors
Relative Number
1
3
5
7
9

Descriptions
Equal importance
Marginally more important
More important
Obviously more important
Considerably more important

Table 3. Comparative weighting factors for parameters of Table 1
RG-1
TC-1

RG-1
1.00
0.20

TC-1
5.00
1.00

TC-2
3.00
0.33

TC-3
5.00
5.00

RS-1
5.00
0.33

RS-2
5.00
3.00

TC-2

0.33

3.00

1.00

5.00

3.00

7.00

TC-3

0.20

0.20

0.20

1.00

0.33

3.00

RS-1

0.20

3.00

0.33

3.00

1.00

3.00

RS-2

0.20

0.30

0.14

0.33

0.33

1.00

IV. DERIVING WEIGHTED NORMALIZED MATRIX (WNM)
In this step, after determination of relative importance of each of the aforementioned decision making
parameters, the Weighted Normalized Matrix (WNM) is derived. In this regard, the absolute
dimensional quantities of each of the aforementioned decision making parameters are listed in Table 4.
However, these quantities are neither normalized nor weighted. In order to normalize the quantities
and in other words, transform them to dimensionless quantities, each of the components in the matrix
shown in Table 4 is named as x ij .
rij 

x ij

(2)

n

x

2
ij

i 1

The Weighted Normalized Matrix (V) is then derived based on equation (3).
V  v ij   W j * rij 
n 6

(3)

In this equation, W j is the weight of the decision making parameter related to the Eigen vector
of The Weighted Normalized Matrix in which all the components of the vector should be real. In this
study, the vecor "W" is as follws:
W  0.12 0.68 0.36 0.26 0.40 0.40

Table 4: The absolute dimensional quantities of decision making parameters
RG-1(g)

TC-1

TC-2

TC-3

RS-1 (person. Hour)

RS-2 (person/square meter)

Building#1

0.35

8

55

2

5000

1.5

Building#2

0.20

22

62

1

3530

0.8

…

…

…

…

…

…

…

Building#n

0.30

14

30

1

420

1.9

V. PRIORITIZING
SCHOOL
BUILDINGS
DEMOLISH/RECONSTRUCTION PROJECTS

FOR

RETROFIT

AND

In the last step of the proposed algorithm, it is necessary to save maximum of each column of "V" in a
vector "A+". Then, by computing the distance of each components of lines of "V" from the associated
components of vector "A+", vector "C+" is derived. Finally, by arranging components of "C+", the
prioritized school buildings for retrofit or demolish/reconstruction projects are determined. In other
words, the larger the component associated with a unique school building, the more critical that school
building for performing the either of the aforementioned projects.
A   Max v 11 ,...,v n 1  , Max v 1 2 ,...,v n  2  ,..., Max v 113 ,...,v n 13 
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SUMMARY AND CONCLUSIONS
In this paper, a feasible and simple approach was proposed for decision making and prioritizing
retrofitting and demolish/reconstruction projects for school buildings throughout the country. In this
method, after determination of decision making parameters and assigning a proper weight to each of
these parameters, prioritizing the buildings considering time and budget limitations can be easily
performed. The proposed algorithm is now utilized in portal database of “State Organization of School
Renovation, Development and Mobilization of Iran”.
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