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Abstract

Background and aims: The need to ensure safety and security, is one of the
most critical priorities for humans. Awareness of the safety status of buildings
can prevent many accidents and damages. This study is aimed to provide an
algorithm for ranking the safety of institutional buildings, to implement a tool
to predict institutional buildings’ safety status in operation.

Methods: In this study, firstly, a checklist was designed. In the next step, the
checklist items were weighted using the Fuzzy Analytic Hierarchy Process
(FAHP) method. Then, based on the internal relationships of criteria, the safety
rating algorithm of institutional buildings was developed. In the next stage, the
tools provided for the institutional building of Shahid Beheshti University of
Medical Sciences were used, and their level of safety was assessed.

Results: Based on three main criteria, a 42-item checklist was designed.
The three main criteria including the "technical-service," "architectural,"
and "managerial" criteria, gained local weights of 0.549, 0.313, and 0.136,
respectively. The ranking algorithm of the building safety, was based on the
results of the weighting criteria and decision tree. The safety score of building
was calibrated in a five-point scale, from very good to very weak. The results of
safety assessment of institutional building of the university, using the proposed
algorithm and formula, showed a safety score of 13.27 and was in moderate
safety level.

Conclusion: The importance and weight of the criteria affecting the safety of the
building are not the same. The items related to emergency exits and firefighting,
had the most impact on the safety score of an in operation building. Most of the
non-compliances in the building safety inspection, are seen in technical-service
and architectural criteria.
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EXTENDED ABSTRACT

BACKGROUND AND POURPOSE

The purpose of this study was to find the
factors affecting the safety of office buildings in
use; to determine the impact of each factor on the
overall safety of the building and finally, provide
a systematic framework for rating the safety of
buildings. The existing checklists for assessing the
safety of office buildings have limitations. Human,
constructs and occupies buildings for a variety of
purposes, including personal, occupational and
social life. Past historical events have shown that
the occurrence of accidents in large buildings
with a high occupancy, can lead to possible
collapse that may result in the major human and
economic crises. The recent case of the Plasco fire
(2017) ,known as the first multistory building in
Iran, has shown that the lack of safety awareness
about the multistory shopping centers that were
densely occupied, can have a far-reaching human
mortality and economic consequences that one
may have imagined. Such catastrophic events
may not only cause heavy physical damages,
but may also indirectly inflict anxiety, post-
traumatic stress anxiety and even impose chronic
stress on the society, raising concerns about
the safety of their own residential or business
buildings. Under the National Building Code
of Iran and the International Building Code
(IBC), buildings based on their occupation,
are divided into ten categories 1) Assembly, 2)
Business, 3) Educational, Factory and Industrial,
4) High hazard, 5) Institutional, 6) Mercantile, 7)
Residential, 8) Storage Buildings, 9) Utility and
10) Miscellaneous Buildings. Office buildings
falling into the business category, usually have
a high occupancy, as employees spend many
hours in the building throughout a work day.
Moreover, the large amounts of office equipment
that are flammable, along with the important
and valuable office documents that are kept
inside the building, might be an important factor
in starting and maintaining a hazardous fire.
Therefore, providing sustainable safety guidelines
for these buildings are of interest. Deterioration
of the structural strength of buildings, is also a
slow progress and it is usually not alarming.
However, the purpose of building occupancy
tends to change throughout its life span, resulting
in an accelerated building depreciation leading to
the possible occurrence of hazardous accidents.
Therefore, timely and comprehensive monitoring
of the safety of buildings, plays a vital role in
preventing many accidents and damages. Studies
have shown that all fire damages occur when

preventive safety principles are not considered.
Therefore, proper monitoring of the safety of the
buildings in use, and timely alert is a smart way
to prevent the occurrence of any accident in an
occupied building, and it is a must. The safety
of the building is influenced by several factors
during its operation. The effect of these factors
on the overall safety of the building is not equal.
Therefore, the building’s safety assessment and
rating, can be formulated as a multi-criteria
decision-making problem. On the other hand, a
regular building inspection structure to avoid the
possibility of negligence by a competent inspector,
requires comprehensive criteria to guarantee the
overall safety of the building. Thus, the focus of
this research was to find the influencing factors
on assessing business/office buildings, and create
a systematic ranking table for rating the safety of
a building.

METHODES

The Analytical Hierarchy Process (AHP)
technique is a multi-criteria decision-making
method that is used to solve complex decision-
making problems. Applying this technique
helps the decision-maker to set priorities for
a better decision making. This is a simple and
very flexible method in which the abilities and
competence of the experts are used to judge the
preference of subjects over one another. Using a
similar method, we started by the inclusion of a
tool-making study that is implemented using the
Fuzzy Analytical Hierarchy Process (FAHP). In
addition, applying the AHP technique with the
fuzzy logic approach can reduce the uncertainty
of verbal judgments in pairwise comparisons. In
this study;, first, the factors affecting the safety of
office buildings were identified by reviewing the
literature and the National Building Regulations
of Iran. These factors were categorized into
three main groups (criteria). Sub-criteria and
items of the office building safety in each group
were identified. The importance and weight
of each criterion, sub-criterion, and item were
determined by the Fuzzy Analytic Hierarchy
Process (FAHP) based on experts’ opinion. For
this purpose, the AHP hierarchical decision
tree was plotted. It consisted of goal, criteria,
sub-criteria, and alternatives. Then the fuzzy
numbers were defined for pairwise comparisons.
A 9-part preference scale was used to do pairwise
comparisons of all the elements at each level
(criteria, sub-criteria, and alternatives). A paired
comparison questionnaire of criteria and sub-
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criteria was completed and prepared by experts.
Then, the pairwise comparison matrix (A) was
formed using fuzzy numbers. Next, the experts’
views were merged using the Buckleys fuzzy
geometric mean method. The Consistency Ratio
(CR) was calculated using the Gogus and Boucher
method. In the next step, weights of criteria and
options were calculated using Buckley geometric
mean method. This step involved calculating the
fuzzy geometric mean value 7, for each of the
criteria or options, calculating the fuzzy weight
W, for each criterion or option, defuzzification
of fuzzy weights of criteria and alternatives,
and determining the final weight based on the
normalized exact numbers, respectively. The final
weight of the alternatives was determined using
the absolute AHP method. Finally, the ranking
algorithm for office building safety was developed
based on the internal relationships of the criteria
and sub-criteria. In the last step, the proposed
algorithm was used to assess the safety level of
the headquarters of Shahid Beheshti University
of Medical Sciences.

RESULTS

The 42 items affecting the safety of office
buildings, were extracted from the literature
review and were classified into three main groups
including  “technical-service”, “architectural”
and “management” criteria. The main criteria
(technical-service, architectural, management)
in the weighting stage, earned local weights of
0.554, 0.313 and 0.136, respectively. Among the
sub-criteria, fires with a total weight of 0.195,
and training and giving information to building
users with a total weight of 0.015, had the first
and the last priority. The 42 items on the safety
of office buildings were prioritized in 26 ranks,
out of the 42 final items, the number of exits, the
visibility, access, and the change of exits capacity,
placement and positions of exits, and the general
criteria for the use of visual and audio safety
signs with a global weight of 0.08 and 0.0032,
respectively were given the first and the last
priority. The overall consistency ratio was less
than 0.1 and was acceptable. The building safety
ranking algorithm was designed based on the
results of the weighting criteria and decision tree;
and was finalized as an inspection checklist. The
impact of the existence of the building’s technical
certification (as a legal document issued by
municipality at the end of the project indicating
the compliance with technical requirements of
construction in Iran) and building’s age (in terms
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of time function curves) are considered as two
coefficients, and were considered in the building
safety evaluation and ranking algorithm. The
number of coefficients was obtained based on
expert opinions. The building safety rating index
was rated as very good, good, average, poor
and very poor and ranged from 0.04 to 0.53.
Afterwards, according to the proposed algorithm
and formula (TBSS'= f x2 100 — [(fx100%0.25)
+ASF’]), the safety score of headquarters of
Shahid Beheshti University of Medical Sciences
was calculated to be 13.72. Finally, based on the
safety score, the safety level of the building was in
the moderate range.

CONCLUSION

The issue of comprehensive safety assessment
of the business/office buildings has not received
much attention. Existing research and proposed
approaches have mainly focused on the issue of
fire in buildings, and have not seriously addressed
other factors affecting the safety of buildings
during its occupancy. Checklists are one of the
main ways used by inspectors to assess the safety
status of buildings. But the effectiveness of this tool
depends on its comprehensiveness and presence
of essential items in the checklist. In addition, the
impact of each item of the checklist on the final
safety score is not the same. The building safety
assessment through observational inspection
is a decision-based process. Existing checklists
ignore the value of each items impact on overall
building safety, and do not determine the overall
safety status of the building after inspection. While
today’s modern methods of risk assessment for
managers, employers, and decision-makers are
keen to take, along with the details, the overall
safety status of the organization is covered and
act upon. In the present study, the safety score
of buildings in use was calculated based on the
results of the observational inspection, the age
of the building and the presence or absence of a
building technical certificate, and was based on an
inventive model. This model has been a systematic
way of assessing the safety of office buildings
through observational inspection and its ability to
evaluate the building safety was demonstrated in
a case study. In addition to technical-service and
architectural factors, management factors were
also considered in evaluating the office buildings.
These factors play an important role in the safety

1 Total Building Safety Score
2 Safety Score obtained from weighted Checklist
3 Age Safety Factor
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of buildings in use, and should be considered in
the safety inspections. In future studies, corrective
strategies can be provided for each of the building
safety levels, based on evidence and field studies.
Also, the impact of building age on safety can
be explored in greater depth by evidence-based
studies. One of the limitations of this study is
the lack of accurate information and evidence-
based studies on the impact of age on building
safety. Also, the impact of the implementation
of requirements listed in the building’s technical
certificate on building structural safety, has not
been studied so far. Evaluation of the effect of
this factor on building safety was also done based
on expert evaluation and subjective judgment.
Therefore, studies related to the impact of age and
building’s technical certificate on future building
safety scores are necessary. Finally, it can be
concluded that the importance and weight of the
criteria affecting the safety of the building are not
the same. Among the dozens of items extracted
from the literature review and National Building
Regulations of Iran, regulations and elements

related to safety exits and firefighting have the
most weight and impact on the safety score of
office buildings in use. Therefore, it is essential to
focus on the safety of the exit ways and fire safety
in the occupied buildings. The results of applying
the proposed algorithm for evaluating the safety of
the headquarters of Shahid Beheshti University of
Medical Sciences showed that the building safety
score was average and the most unconformities
were in technical-service and architectural criteria.
Therefore, corrective actions and removal of
unconformities are necessary to improve the safety
ofthe building. The results also showed that thelack
of a technical certificate of the building, especially
for old buildings, has a significant influence on
the level of safety. Therefore, obtaining a technical
certificate can also be effective in raising the
building’s final safety score. Finally, ranking the
main elements that influence the safety assessment
of the building, its ease of use and the existence of
an evaluation guideline are the advantages of the
proposed algorithm for evaluating the occupied
business/office building safety.
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