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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:
e Diverse human behaviour factors (Ronchi and Nilsson 2013)
* Building layout

* Designers rely on crowd simulation tools, but:

e 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)
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Taxonomy for a Crowd Simulation Model

Space Walkable surfaces for agents. Floor, Area
Barrier Surfaces which obstruct agent movement. Obstruction
Geometry
Link Connection between two walkable surfaces. Transfer
Portal Entry and/or exit points for agents. Entry or Exit Point

Agent Representation of a building inhabitant. Occupant
Agent Group A collection of agents.
Profile A definition of agent characteristics.

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

Graph Simulation data plotted on a graph for user analysis.
Map Simulation data plotted on a map, overlaid on the model.
Analysis
Table Simulation data in tabular format.



Client

Project requirements

Y

Model selection

Y

Model scenarios
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Data requirements

User configuration

Model application

Results analysed,
formatted

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 | — scenario generation (automation)

Geometric information is
the same for multiple
scenarios

(static)

Information from this
category is dependent on
user input preferences
(dynamic)

IFC schema objects
individually mapped to
crowd simulation object
types

According to design
guidance documentation
and/or designer judgement

Dependent on time, spaces
and scenario preferences

Agent walking speed, turn
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implicitly from space types
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|dentified sources of data and information

Constraints from
other fire safety
sub-systems

scenarios
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User input can affect all
other categories in B, C
and D, which differ from
one scenario to another

Object geometry can
provide contextual
information implicitly or is
conjunction with other
data

Properties specific to
building occupancy are
not defined in the IFC
schema, but custom ones
can be used to provide
explicit data

Names of specified
functionality of a space
can be used to decide
route selection, entry and
exit points with the correct
rules and reasoning

Where available,
historical data about the
building in operation
stage, or similar buildings
in the past can provide
relevant data

Due to the indicative
nature of design guides,
many assumptions are
flexible, vague and
subject to designer
personal judgement

certain regulations vary
with region, such as
occupancy loads per
space type

due to the fire safety
design complexity, other
sub-systems can reflect
the assumptions for crowd
simulation scenarios



Storing knowledge, interaction of RDF resources
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Crowd Simulation
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2

IfcOwl - Building
Ontology

I T subClassOf T 1
Geomeric Analysis
Object Event | | Agent Object
A A
subClassOf
]
subClassOf I I 1 @
Travel Travel Graph
subClassOf time distance
subClassOf I I d]
‘ e ’ Turn bias Size ’
speed about
context ‘|
1
‘ Journey ’ Evacuation || Circulate @ 1
1
1
] ] | | d] :
Barrier Link Stair Lift Escalator Floor Portal 1
about =~ ,
L 2 4 A A L3 geometry v
: : : : : : I
subCI:assOf san;'leAs san:eAs subCIassC}fg sam:eAs "
H - : H rA
: i O peannnen H : K
i L 2 + i + hasProperties
iIfcCurtainWall9 | fcDoor | | IfcStair IfcSpace Rk
4
: ’ I
it IfcRailing k0
IfcSimpleProperty i
H 1
T lfcWall = \ 4
: subClassOf
: subClassOf IfcComplexProperty
=1 IfcColumn —
*»1 [feFurnishingElement| | IfcBuildingElement | |IfcTransportElement
l ! | v
subClassOf IfcSpatialStructureElement
subCIassOf—,
subClassOf
@ IfcObject IfcProperty
| subClassOf |




Manual vs Automatic

ONTOCS
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Design feedback — object level
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Publications

* “A framework for ontology-based design assessment for human
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* 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/
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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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