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Fire safety engineering is closely linked to the concepts of probability and risk, or
as Watts and Hall state in the SFPE Handbook of Fire Protection Engineering:
“every decision related to fire safety is a fire risk decision, whether it is treated as
such or not” [1]. Although probabilistic and risk-based methods are commonly
accepted as tools for the calibration of prescriptive requirements and for perfor-
mance based design, their application is limited by: (1) a lack of clarity on the
position of probabilistic methods in the design process; (2) an absence of applied
frameworks which function as a roadmap for probabilistic fire risk assessment; (3)
a lack of data to support choices of input (stochastic) variables and probabilistic
models; and (4) a limited number of peer-reviewed case studies which can serve as
a reference point to the fire engineer.

The purpose of this special issue of Fire Technology is to help diminish the
above by presenting to the fire protection community a selection of papers which
together constitute both an overview of the state-of-the-art, as well as genuine
enhancements to the field of probabilistic fire safety engineering. In total ten arti-
cles have been included in the special issue following an open call for papers.

The first paper in this special issue reviews the position of probabilistic methods
within fire engineering design. It presents a discussion on what is meant by an ac-
ceptable level of fire safety, and the relationship between the different risk accep-
tance concepts applied in probabilistic fire safety engineering. This paper by Van
Coile et al. [2] provides background discussion to some of the concepts introduced
in the recently published guidance document PD 7974-7:2019 [3].

The following three papers present applied frameworks for probabilistic fire
(risk) assessment. On the one hand, Shrivastava et al. [4] and Gernay et al. [5]
both present frameworks for probabilistic structural fire safety evaluations. Shri-
vastava et al. further develop the Performance-Based Earthquake Engineering
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framework for application to structural fire engineering by focussing on the identi-
fication of suitable fire severity measures, whilst Gernay et al. investigate prevail-
ing parameters for defining fire fragility for steel frame buildings. The study by
Van Weyenberge et al. [6] on the other hand is concerned with life safety assess-
ments (i.c. available vs. required safe escape time), presenting a quantitative risk
assessment framework based on response surface modelling.

The barrier of a lack of data on input probabilities and probabilistic models is
addressed by the subsequent four papers. Manes and Rush [7] present a compre-
hensive list of reference probabilities derived from the 2014 USA fire statistics and
compare these to PD 7974-7:2003 recommended values, highlighting large discrep-
ancies between both. As recent historical data is generally not available for post-
earthquake fires, Farshadmanesh and Mohammadi [8] present an analytical model
which supports adjusting normal design situation fire ignition frequencies in con-
sideration of earthquake-induced effects. Li et al. [9] address the lack of fire bar-
rier failure probability data by proposing a model to evaluate this numerically.
Xie et al. [10] analyse data from 35 fire load density surveys and provide a proba-
bilistic description for fire load density in offices and residential buildings.

Finally, detailed applications are presented by Heidari et al. [11] and Sabapathy
et al. [12]. The case study by Heidari et al. focusses on the probabilistic assess-
ment of simply-supported concrete slabs exposed to parametric fires and has
informed the recent ISO/TR 24679-6:2017 [13], while Sabapathy et al. present a
comparative safety evaluation for a six-storey commercial building based on
expected risk to life.

With the conclusions of the Hackitt report and the recommendation for a move
towards the use of safety cases in fire safety engineering [14], it is most likely that
interest in the use of probabilistic methods in fire safety engineering will continue
to grow. Other initiatives with similar findings around the world have sparked a
similar debate (e.g. in Australia the Shergold Weir enquiry [15] highlighted very
similar issues and although it stopped short of recommending the safety culture it
has contributed largely to debate throughout the fire engineering community as to
how to address these issues [16]). The benefit therefore of addressing the listed
barriers to the application of probabilistic methods is particularly relevant at this
time. This special issue of Fire Technology addresses all four listed barriers to the
wider application of probabilistic and risk-based methods in fire safety engineer-
ing.

Probabilistic methods provide the fire safety engineer with an additional tool-
box for delivering quality projects, and allow the regulator to specify requirements
which bring the most net benefit to society. Probabilistic methods provide an
opportunity for the fire safety community to perfect communication to stakehold-
ers and fully elucidate the full range of performance which can be reasonably
expected from a given design. The guest editors of this special issue believe that
the papers published provide a valuable stepping stone towards achieving a wider
application of probabilistic methods in fire safety engineering.
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