Fire safety in dense urban environments, are we
meeting the Challenge?

Fire Asia 2018

Asif Usmani
Department of Building Services Engineering,
Hong Kong Polytechnic University



Fire shaped the growth of cities in the past and influences them today




Fire is an ever present hazard to society

Grenfell Tower, London, 2017 Plasco Building, Tehran, 2017
(71 fatalities) (22 fatalities inc. 16 firefighers)
Shanghai, 2010 Gretzenbach, Switzerland, 2004 WTC, New York, 2001

(53 fatalities) (7 firefighters killed) (2763 fatalities inc. 343 firefighters)
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Tall building facade fires across the world

Olympus Tower, Lacrosse Tower,
Grozny, 2013 Melbourne, 2014

Grenfell Tower, London, 2017
(71 fatalities)
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Imperatives driving smart cities/buildings

DEMOGRAPHIC
Proportion of working age population declining in the developed world and increasing demand for services to
support the old and infirm;

INFRASTRUCTURAL
The building stock in highly developed economies and cities such as Hong Kong is rapidly aging and requires
innovative solutions for safe and sustainable retrofit and rehabilitation

SOCIO-ECONOMIC

Urbanization and a growing middle class dema i¥ Zpﬂﬂity of life;
Globalisation and interconnectedness of world ecéhomies;

Dwindling resources in the face of increasing demand, need for sustainability;

ENVIRONMENTAL
Pressure to slow down climate change and increase community and infrastructure resilience to extreme events;

TECHNOLOGICAL

The way we interact and conduct our business in this age of information;

Rapid development and availability of technology based solutions to everything! (Sensing, robotics, BIM, Modelling
and Simulation, Al, 10T, big data analytics etc.)



Mission or BSE department at PolyU

To imagine, engineer and promote
sustainable, salutogenic and safe
environments for human habitation

Building Energy
Building Environment

Building Safety and Resilience



How many similarly vulnerable buildings
are there in your city ?




Why are tall building fires different?

Taller buildings Multiple-floor fires

More adventurous architecture Complex structural response

Open plans offices Non-uniform “travelling” fires

Larger number of occupants Extended evacuation times

11111

City centre locations Delays in emergency response

NO CURRENT REQUIREMENT

FOR TREATING TALL BUILDINGS
DIFFERENTLY

Except that usually higher fire resistance
times are specified

Significantly increased risk or
(probability x consequence) the recommendation
to use

PERFORMANCE-BASED DESIGN
(or P-B ENGINEERING)



Universal design basis (standard fire curve)
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Standard fires specify a fixed temperature-time curve (originally developed over 100
years ago in USA in a 2.9mx2.9mx4.4m compartment to reach 926 Celcius in 30 mins).



Real fires are complex and non-uniform

Fire tends to
travel in large
spaces

Therefore,
Compartment fire
Models are invalid

Source:
NIST NCSTAR 1-5



Emerging research on “travelling fires”



Travelling fire model




Implementation in structural analysis
software OpenSees for automated response
simulation




Case study using ETFM framework

Fire

UB 305x127

scenario:

Fire starts on:
the first floor

Fire spread
rate:
5 mm/s

HRR per area:
300 kW/m?

Fuel load
density:
570 MJ/m?

Visualization output of OpenSees-SIFBuilder during heat transfer analysis



WTC towers collanse simulation







Hybrid testing and simulation



Hybrid testing and simulation equipment

MTS SilentFlo™ 515 Hydraulic Power Units

293 Hydraulic
Service Manifold

Model 244 Hydraulic Actuators

MTS FlexDAC™ 20 Data Acquisition System MTS FlexTest® Controller Family



Emergency response in dense urban
environments



Mont Blanc

Forensic investigation of every
major disaster shows that given
better information response could

have been more effective




Emergency servmes Iack even
‘the very basic information when
responding to most emergencies




A vision for resilience of cities against fire:
FireGrid Project (2006-09), UK

Large waly
databases

Emergency Response

Sensor network for
early detection and monitoring

Super-real-time simulation
(of fire growth and

Internet structure response)

Incident Commander

Command and Control interface
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Figure 1. Component layout of basic FireGrid System, where
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Generic system architecture
Sensor types

1 data pulled at constant rates (i.e. thermocouples)

2 variable data rates and action requests

3 type 2 with local memory

Cameratypes

1 fixed direction feed

2 allows action requests and changes direction

3 type 2 with local memory




Generic system architecture

DAU (data acquisition unit) .

ensor pulls raw data from sensors as volts

DTU/DGU (data translation and grading)

oy Fconverts data into digital formats, time stamps and
grades (assign a reliability or accuracy index)

CoAU CDAU (camera data acquisition unit)

plus PIV
software

pulls images from cameras

Figure 1: Comg
each single




Generic system architecture

——
Database @ que
DGU for static
and —E
dynamic

Figure 1: Component layout of basic FireGrid &
each single object may represent multiple ¢

Main database

Repository of all static and dynamic data. Static data
could be digitised building plans, computational grids
and all material, boundary and constraint information,
and pre-run scenarios for rapid actuation and
response. Dynamic data will include the sensor outputs
and other information generated by the system.



Generic system architecture

DIU (data interpretation unit)
- types 1& 2 are essentially detection
devices of different levels of sophistication
- type 3 is the most important
component in FireGrid
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Generic system architecture

ey A Ctuators

Qe o utomated building protection

Py systems

W B C3| (building command, control, communication

and intelligence)

- monitors DIUs type 1 & 2 for signs of fire

Building - Initiates DIU3 query manager to begin super-

real-time simulation

N - interprets output from DIU3 forecasts for

W A initiates automated response using actuators

- (existing or future active and passive fire
protection devices) — in the early stages

B: decision support for human intervention — at
the later stage (failure of early response),
this is done in concert with

N T e-Response C3I

it multiple cor

Activitation
request




Demo in an full-scale apartment mock-up

room #1



Demo architecture



The demo experiment

e Demonstrator designed for live presentation:
e Jose Torero provided commentary from Viewing Room
e Operator in Control Room interacted with C3lI.

* Fire tracked by FireGrid system:
- Delivering real-time status info
for incident, along with
predictions of impending hazards
- based on HPC model output,
- in form amenable to fire incident
commandetr.



Before

After



Results



Full description published in a technical paper



Concluding remarks

e Cities and high density urban environments are exceptionally
vulnerable to fire

e Cities should be resilient against foreseeable hazards to be considered
“smart”

* Intelligent building and smart city technologies offer opportunities for
FireGrid type systems to be developed and integrated with other
services

e |t is imperative that researchers, designers and public safety
organisations collaborate to mitigate the enormous risk from fire, this
is especially true for dense urban environments



Thank you !

Questions?



Cost of fire to society

eDirect costs (from direct consequences of “uncontrolled fire” incidents)

Core costs
eContinuous costs (from measures taken in anticipation of fire)

eNon-monetary losses (may not involve market transactions)

. . e . . Other costs
eIndirect costs (relatively difficult to quantify and insure)



Total cost of fire (USA)

Billions of
Core Costs Dollars

Economuic loss $14.8
Local fire department expenditures $42.6
Net msurance (premiums minus

NFPA estimate of reported direct damages)

New building costs for fire

}1‘{:‘recti{:-11

Total core costs $108.4
Other Costs

Other economic cost

Cost of statistical deaths and
injuries, civilian and firefighter

Cost of coverage by career
firefighters of areas now
rotected by volunteer firefighters

Total

Source: National Fire Protection Association (USA), John R Hall, Jr., March 2013



Crude estimate of the core cost of fire

Fire is @ major cost to an industrialised economy (roughly of the order of 1% of GDP)

There is a correlation between economic activity and cost of fire

There is potentially also an inverse correlation between human development and fire losses
Based on this a simple formula can be used to crudely estimate core fire cost as %GDP

Cost of fire (% of GDP) = per capita GDP (normalised against USA) / HDI

This results in the following numbers for selected countries

Country Core cost Cost in Billion USD
of fire
(%GDP)
United Kindom 0.80 23.6
China 0.33 34.4

India 0.17 3.5



Validation (UK core cost)

Estimated building fire protection cost

Insurance administration

Public fire brigade

Indirect fire losses
Direct fire losses
TOTAL CORE COST

Source: Bulletin , World Fire Statistics, The Geneva Association, April 2014
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