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ABSTRACT

Human activities, materials and design are linked to fire hazard in the
buildings. Hazard is a condition or physical situation to cause harmful effects
on people, property and also on operational continuity. Risk is quantification of
hazard in terms of probability of events or losses. Safety is an anthesis of risk.
More safety means less risk and vice versa. Existing buildings designed few
decades back using old prescriptive criteria may not satisfy the latest
compliance levels of the fire codes. Buildings also deteriorate over a period of
time in terms fire safety protection due to improper use and poor
maintenance. Obviously, fire risk and safety evaluations becomes desirable
for existing buildings as a decision tool for the organisations to do some
improvement work to achieve desired fire safety objectives with acceptable
risks at optimal costs. This assessment can be performed against the latest
acceptable design criteria for risk and desirable safety level mentioned in the
regulatory literature or fire codes which are of two types viz. (i) Prescriptive
codes-based on experiential developments and, (ii) Performance codes-
based on modern engineering design principles using scientific (deterministic)

and probabilistic (non-deterministic) design criteria.

The fire risk or safety in building can be evaluated, either using a more
precise scientific or probabilistic method called quantitative risk assessment
(QRA) or using a less precise but simple heuristic approach. The QRA
methods try to estimate the magnitude of the fire hazard conditions due to fire
scenario in a building in terms of deterministic heat flux, temperature, spread

of smoke, egress time etc against acceptable scientific criteria for untenable



conditions for humans or the risk in terms of non-deterministic, probabilistic
criteria of acceptable risk as number of deaths/event or number events/time.
A QRA method cover only limited aspect of fire protection evaluation. These
methods are time consuming, costly, may not have enough supporting

statistical data and require expert knowledge to be applied

On the other hand, in the heuristic fire safety evaluation approaches, fire
safety is estimated as combined effects of fire safety parameters or attributes.
Importance weights are assigned to fire safety attributes or parameters as
effect of all attribute is not same. The weighted values of these parameters
are aggregated to get a single score called “Index” defining safety level. Fire
indexing is linked to fire safety and can be used for fire safety assessment.
The heuristic indexing methods are simple, less time and effort consuming,
and does not require expert knowledge. Despite being less precise and giving
idea of only the magnitude of the assessment, these are popular as first level
decision making tool before application of detailed QRA methods. Heuristic or
indexing methods consider all the aspects of fire safety together unlike QRA
methods which focus only on some particular or limited aspects. They can be
applied to a large number of buildings in a short span of time for macro

analysis of their fire safety.

As fire safety depends on a number of attributes, its evaluation can be termed
as a Multi Attribute Decision Making (MADM) problem. Since number of the
fire safety attributes are large, a hierarchical arrangement of the these is

advantageous for the purposes of assigning importance weights.

With this view, a heuristic hierarchical methodology is proposed to develop a

fire safety assessment model as MADM problem. It is a four-layered structure
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with goal of fire safety at top to be achieved in the form of single Total Fire
Safety Index (ltrs). This goal is achieved through aggregated effect of five fire
safety strategies viz. means of approach, means of egress, passive fire
safety, active fire safety and fire safety management. These are represented
as five sub-indices scores for respective strategies. Strategies are weighted
aggregated effect of attributes which are again aggregated effect of their
respective measurable items. A mathematical model is also characterized to
assign weights and to process the information received at the bottom level

(measurable items) of this structure to compute strategy sub-indices and the

ItEs.

Analytic Hierarchy Process (AHP) has been used to assign weight and
aggregate information in some existing fire safety problems but it has some
weaknesses of inconsistency and insufficiency of data. Performance of fire
safety attributes being vague in nature, the evaluation can be a fuzzy MADM
problem. Humans are more comfortable in giving their decisions in qualitative
linguistic terms which can be operated upon as fuzzy linguistic membership
functions and fuzzy inference system. Fuzzy linguistic and MADM concepts

have been combined to assess the fire safety of existing buildings.

In view of the weaknesses of AHP, a new methodology as Fuzzy Simple
Additive Wight Method (FSAWM) is proposed to assign weight to the
attributes and aggregate the effect of attributes. To assign weight, a
guestionnaire survey proforma was developed to collect responses of
decision makers (DMs). The DMs include all stake holders in fire safety. i.e.
architects, engineers, building users and professional fire safety officers. For

the purposes of analysis, the DMs have been divided into two groups viz.
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group X (all with no fire safety background), and group Y (fire safety
professional officers). Responses have been analysed for the group, X, Y and
all combined as Z i.e. (X+Y). Weight assignment analysis revealed that there
no significant difference in the weight assignment by the two groups, leading
to the conclusion that fire safety perception among the two groups is not

significantly different.

The present research problem focussed on high rise residential buildings
(higher than 15m) of A4 and A5 type as classified by the National Building
Code: 2016 of India. Case studies were conducted on four buildings to

demonstrate the application of developed methodology.

The attributes have compensatory effects. Analysis of TFSI along with five
sub-indices is very useful in identifying the aspect specific weakness in fire
safety. The Index scores of the buildings reveal that buildings have high to
very high active and passive fire safety levels but have some planning
weaknesses in means of approach and means of egress. The fire safety
management seems be a neglected or least cared aspect which need
attention. Fire safety of buildings can be significantly improved by proper
planning at design stage and giving due attention to the fire safety

management without much financial burden.

The proposed model can be effectively used for: (i) monitor the fire safety
health of the existing buildings for improvement and, (ii) better fire safety

planning at design stage of the buildings.
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