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Motivation

Currently, structural engineers do not perform whole structural fire analysis for

large buildings using realistic fire scenarios, but apply code based regulations

for fire protection. This may lead to tragedy.

Fig. 1: World Trade Center Tower in New York City in 2001 

- Five Minutes Before the Collapse

(source: metabunk.org)

Extended Travelling Fire Method (ETFM) Framework

In the last couple of years, an extended travelling fire method (ETFM)

framework has been developed and implemented by Dai et al. [1], [2]. It is

based on a mobile version of Hasemi’s localized fire model, which quantifies the

local effect of a fire on adjacent structural members, and is combined with a

simple smoke layer calculation for the areas of the compartment away from the

fire. This combined fire model enables the analysis to capture both spatial and

temporal changes of the thermal field, thus addressing more fire dynamics.

Implementation of ETFM using SIFBuilder

SIFBuilder is an unified tool for performing automated structural fire analysis

for large structures under more realistic fire.

SIFBuilder is a computational tool, which can receive the fire load information

necessary for carrying out heat transfer analysis from the user and

automatically deliver the output to the structure for carrying out structural

analysis in a similar manner as any other form of mechanical load-based

analyses (e.g. earthquake induced seismic loads).
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- User-friendly interface for creating regular structural models

- Enable consideration of realistic fire action

Case Study of ETFM Framework

Figure 4(a) shows the plan view of an idealised structural layout for case study

(630m2 floor area), which is generic in modern tall buildings with a core (162m2

area) in the middle. The clear floor height is 3.85m. A ‘base line scenario’ of the

travelling fires is assumed with fuel load density (𝑞𝑓,𝑘 ) 570 MJ/m2, heat release

rate per unit area (𝑅𝐻𝑅𝑓) 500 KW/m2, and fire spread rate (𝑣) 10 mm/s.
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Fig. 3: ETFM elevation view
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Fig. 2: ETFM Plan View
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The ETFM framework also accounts for the accumulation of a hot smoke

layer, variable fuel load distribution along the fire path, and a predetermined

localized fire path. In addition, a flashover scenario is permitted in this

framework, and the fire transitioning from a localised travelling fire to a whole

compartment fire when a defined threshold is met, e.g. the temperature of the

hot smoke layer reaches 500℃.
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Fig. 4 (a): Case Study Plan View; Fig. 4 (b), Fig. 4 (c): SIFBuilder 

Visualization During Heat Transfer Analysis at 38 mins, 87min Respectively 

at the ‘Base Line Scenario’ of the Travelling Fires:

The investigated beam size is UB 305×127×42 located at the top right of the

floor plan. Different fire scenarios would be generated with changing 𝑞𝑓,𝑘 , but

keeping 𝑅𝐻𝑅𝑓 and 𝑣 as constants from the ‘base line scenario’.

Fig. 5: Heat transfer results from mobile Hasemi’s fire model contribution

with various fuel load densities range (typical values referenced from Eurocode 1)

- Heat transfer to the structural members due to fire action

- Dimensional reduction of heat transfer analysis

- Structural response to the elevated temperatures

- Displacement-based beam/column element, shell element


