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Dear Editor,

Building Information Modelling (BIM) is a modern technology and process that
has had a dramatic impact on the Architecture, Engineering and Construction
(AEC) industry over the last decade [1]. The latest statistics show that at least 18
countries around the world are mandating BIM for use in public projects, and
this enforcement of BIM adoption continues to proliferate in other countries
around the world [2, 3]; with different governments sometimes using different
strategies to incentivise the use of BIM in the AEC industry [4]. Also, BIM is
becoming an integral part of the design process, right from the conceptual
stage—where project stakeholders can leverage different Levels of Development
for BIM projects (i.e. from LOD 100 to LOD 500) [5]. This integration of design
modelling and analysis from the beginning of a project can streamline coordina-
tion, communication, and collaboration. ‘‘BIM has enabled dramatic changes in
the processes for designing and building’’ in the AEC industry [1] where the data-
rich model is an ideal platform for analysis through the project lifecycle, utilised
by structural engineers, services engineers, energy modellers, but rarely Fire Safety
Engineers who have often been much slower to adopt BIM than the rest of the
AEC sector and usually only become involved in the later design stages.

BIM is now becoming a critical subject for the Fire Safety Engineering (FSE)
community to consider. Different studies have shown that FSE has been slow to
embrace digital technologies [6, 7]. One of the main obstacles is that interoperabil-
ity issues have sometimes occurred between BIM platforms and FSE computa-
tional tools (i.e., fire and evacuation simulation software tools) [8]. However,
different FSE computational fire engineering tools are now capable of importing
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the IFC format (BIM files) to define the geometry under analysis. Also, basic fea-
tures for fire safety engineering and occupant movement are becoming available as
integral parts of popular BIM platforms, such as Autodesk Revit’s Path of Travel
[9] and Social Distancing Toolkit [10].

To date, the fire safety scientific community has been slow to leverage the
potential for integrating analytical ‘‘add-ins’’ or plug-ins for BIM-platforms,
enabling fire safety engineering workflows directly within the BIM platform [11].
Rahouti et al. [12] showed that BIM can be a critical component while designing
virtual reality training tools for fire safety. Other research has shown how IFC
can be used to transfer and share building data with FSE computational tools [8,
13–15] or to verify if a construction project is compliant with a defined fire safety
code [16]. However, the literature does not provide any application or discussion
on the potential use of one of the most advanced features of BIM: parametric
modelling. Parametric modelling allows building objects to be represented by
implementing parameters and rules that automatically define the geometry and
optionally nongeometric properties, features, and behaviours [1]. Parametric mod-
elling allows a building to be described in a computer-friendly coding system to
enable users to automate the creation of multiple alternate building designs using
Generative Design (GD) techniques.

GD is a way of rapidly exploring design possibilities or optimisations by com-
bining algorithms with parametric modelling [17]. GD can assist FSE designers by
generating and comparing tens, hundreds or thousands of possible designs and
select the one which meets specific fire safety criteria, client expectations, and code
requirements. According to Vermeulen and El Ayoubi [18], GD can be conceptu-
alised in the following steps:

1. Parameter Inputs. In this step, designers identify the parameters of BIM models
that can be modified to generate different design solutions and in which ranges
these parameters can vary. These ranges can be defined in accordance with
existing fire safety regulations (e.g., the minimum number of exits and mini-
mum exit sizes) or current fire systems available on the market (e.g., sprinklers
specifications).

2. Design Goals. In this step, designers need to specify multiple criteria to identify
the optimal design solutions. For instance, one of the possible fire safety crite-
ria could be the maximisation of the difference between the Available Safe
Egress Time and Required Safe Egress Time (i.e., max ASET-RSET). Other
practical possible criteria could be costs and construction times. It is worth
highlighting that some criteria can potentially conflict with each other.

3. Design Optimisation. In this step, different design solutions are generated to
identify the optimal design solutions. The search for the optimal design solu-
tion can be achieved by generating all possible solutions (i.e., full factorial
approach), using generative scripts from FSE rules, random design variations,
or algorithms (e.g. genetic algorithms) to assess and prioritise the optimal solu-
tions [19]. The algorithms implement generative systems to analyse, rank, and
evolve designs as explained in the following iterative sub-steps:
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a. Generate multiple design solutions using initial parametric ranges and condi-
tions for the first iteration and the parameters identified in the sub-step ‘d’ for
the following iterations.

b. Analyse the design solutions using the goals defined in 2. In this sub-step, the
generated design solutions need to be analysed using FSE computational tools
with the inputs from designers and generated design solutions (e.g., generated
geometric floor plans). For instance, in the case of maximisation of the differ-
ence between ASET and RSET, it is necessary to use both evacuation and fire
models to quantify both times for each design solution.

c. Rank the design solutions based on results from sub-step ‘b’. The ranking of
the design solutions can be challenging, especially when there are conflicting
criteria such as the number of exits and costs. Using standard multi-objective
optimisations, it is possible to identify which design solutions are optimal or
dominant [19]. At this stage, the optimisation can be stopped to provide the
result to designers for the ‘‘Design Exploration’’ stage 4 or the optimisation
can proceed with another iteration by executing sub-step ‘d’.

d. Evolve the design based on the best solutions. In this step, the best solutions
identified in sub-step ‘c’ are used to define a new set of parameters to use in
sub-step ‘a’, which can lead to the identification of the optimal solutions.

Figure 1. Generative design for Fire Safety Engineering (FSE).
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4. Design Exploration. In this stage, designers can select the best design solutions
identified in the multiple iterations from the optimal solutions now available
for review.

These steps are visualised in Fig. 1, which also shows the designers’ involvement
and intervention in the automated process. GD is available at all stages of BIM
projects, with more parametric freedom in initial design stages. The application of
GD for FSE needs to account for the computational expense that be required by
some fire engineering tools, such as Computational Fluid Dynamic simulation
packages. In these cases, FSE designers might use a pragmatic approach to select
the number of parameters to change in Step 1 and the total number of design
variations. A possible solution to tackle this limitation is to use cloud-based FSE
platforms which can allow the simulation of hundreds of design variations in
short time periods.

In conclusion, GD has a lot of potentials and can provide FSE designers with a
new generation of instruments that can assist them in investigating multiple design
solutions in a controlled and automated way. The number of generated designs
can be limited for computationally expensive processes and carefully controlled by
designers if required, especially if cloud-compute resources are available to run
multiple assessments in parallel. The benefits and limitations of GD for FSE still
need to be fully investigated by the fire safety scientific community, but to date,
the level of adoption has been minimal, and the profession is missing out on new,
rapid workflows, which in themselves could awaken an era ‘‘new generation’’ of
sophisticated, but more efficient designs available to the community.
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