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Setting the context

Fire safety engineering

1. Fire growth

2. Smoke spread

3. Structural protection

4. Detection & suppression

5. Intervention

6. Human factors

7. Risk assessment

PD 7974 (2004), or BS 7974



The problem

• Human behaviour in buildings is hard to predict:
• Diverse human behaviour factors (Ronchi and Nilsson 2013)

• Building layout

• Designers rely on crowd simulation tools, but:
• Several scenarios are required (BS 7974)

• Tools are probabilistic in nature

• Processes of evaluating building performance is:
• Inefficient

• Low integration with current BIM-based processes (Wang and Wainer 2015)



ONTOCS
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Concept Definition Synonym

Geometry

Space Walkable surfaces for agents. Floor, Area

Barrier Surfaces which obstruct agent movement. Obstruction

Link Connection between two walkable surfaces. Transfer

Portal Entry and/or exit points for agents. Entry or Exit Point

Agent

Agent Representation of a building inhabitant. Occupant

Group A collection of agents.

Profile A definition of agent characteristics.

Event

Journey The act of describing agent movement from A to B. Route

Circulation The act of agents following a route of waypoints. Itinerary

Evacuation The act of agents exiting to nearest available exit. Egress

Analysis

Graph Simulation data plotted on a graph for user analysis.

Map Simulation data plotted on a map, overlaid on the model.

Table Simulation data in tabular format.

Taxonomy for a Crowd Simulation Model



The computer modelling process for evacuation design, 
adapted from Kuligowski (2016a) 

CSM methodologies

(Gwynne et al. 1999) (Kuligowski 2005) 

(Kuligowski 2016a) 

Application domains 

(Kuligowski 2005), 

Scale

(Zhou et al. 2010), 

Degree of realism 

(Duives et al. 2013) 



STAGE I – scenario generation (automation)

 Functional
Valid
Realistic 





Storing knowledge, interaction of RDF resources
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Design feedback – object level



Publications

• “A framework for ontology-based design assessment for human 
behaviour during fire evacuation” Calin Boje & Haijiang Li
• EG-ICE July 2017, conference

• “Crowd simulation-based knowledge mining supporting building 
evacuation design” Calin Boje, Haijiang Li
• ADVEI May 2018, journal

• “Knowledge representation, storage and retrieval for BIM supported 
building evacuation design” Calin Boje
• Thesis July 2018, at http://orca.cf.ac.uk/112966/

http://orca.cf.ac.uk/112966/


What is the future potential?

• Sensor data integration -> building operation stage

• Digital Twins –> human occupancy safety & comfort

• A common crowd simulation interoperability layer?
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