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Abstract

Identification of the important factors for the occupant egress safety under building fire is important. In order to achieve this goal, 
a global sensitivity analysis method, Fourier Amplitude Sensitivity Test (FAST), was instead of the local sensitivity analysis to
indentify the important factors for the safe evacuation level under building fire. The equation for safe egress level under building 
fire was determined by a series of empirical formulas. The result indicates that uncertainty of CFAST model has the dominating 
influence on the safety egress level while uncertainties associated with exit flow rate and population density have little influence.
The relative differences between the first order sensitivity indies and the total sensitivity indies indicate that the interaction
between fire growth rate and other factors has the largest influence on the safety egress level. 
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1. Introduction 

In performance-based fire protection design (PFPD) and fire risk assessment, how to deal with uncertainty is an 
essential issue[1]. As one of the important aims for PFPD, determination of safety level of occupant egress under 
fire also should consider the uncertainties. Two questions should be answered for this issue[2]: (1). How we should 
represent uncertainty? (2). How many uncertainties we should consider? The former can be answered by the 
uncertainty analysis (UA) while the latter can be answered by the sensitivity analysis (SA). Due to many 
uncertainties involved in the occupant egress, SA seems to be more necessary for the fire engineering. 

SA can be categorized into local SA and global SA[3]. Local SA examines the response of the output when 
varying input parameters one at a time and holding other input parameters as fixed values. Local SA is flexible and 
easy to implement. However, it can only inspect one point at a time. Furthermore, it is practicable only when the 
relation between input and output is linear. Global SA can examine the response of the output by exploring a finite 
region. The influence of the interaction between input parameters is also can be inspected by global SA. 
Unfortunately, the majority of SA in fire engineering is local SA. Fu and Fan[4] studied the influence of input 
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parameters for a two zone model by giving the input a small change. Using the similar SA method, Wang[5] 
identified the important factors for RSET. Based on Wang’s study, Wang[6] utilized single-factor sensitivity 
analysis to investigate the important factors for occupant evacuation under building fire. Due to the complexness of 
fire dynamic and evacuation, available safety egress time (ASET) and required safety egress time (RSET) are non-
linear with input parameters. In this situation, global SA is more appropriate for analyzing ASET and RSET. 

In this paper, we make an attempt to employ one kind of global SA, Fourier Amplitude Sensitivity Test (FAST), 
to analyze important factors for occupant egress under building fire. Section 2 gives a brief description of the 
occupant egress safety model. In Section 3, the global sensitivity analysis, FAST, is presented in details. Then we 
present an application of FAST to indentify the important factors for the safety level of occupant egress in a one-
storey commercial building. Finally, a brief conclusion is given in Section 5. 

2. The model of occupant egress safety under fire 

In PFPD, ASET and RSET are compared to determine the safety level of occupant egress[1]. If ASET is larger 
than RSET, it is considered that occupant can evacuate safely and no casualties occur. Therefore, the equation of 
safety level for occupant evacuation can be written as following: 

 (1) G ASET RSET= −
Where, G is the time margin of occupant evacuation, s; ASET is available safety egress time, s; RSET is required 

safety egress time, s. 
If G>0, it indicates that occupants can evacuate successfully. If G<0, occupant cannot evacuate successfully. If 

G=0, Eqn.1 can be considered as the limited state equation for occupant evacuation. 
ASET can be determined by the zone models or filed models. RSET usually has three components, i.e. fire 

detection time, occupant pre-movement time and movement time. Fire detection time can be obtained by are 
influenced by detection actuation time models, such as DETECT-T2 model. Occupant movement time can be 
determined by evacuation models. Since ASET and RSET are influenced by many factors, most of which are 
uncertain. Therefore, Eqn. 1 can be written as following: 

 (2) ( )G g X=
Where, X=(X1, X2,…, Xn) is the uncertain factors influencing occupant egress safety level. 

3.  The Fourier Amplitude Sensitivity Test (FAST) 

The Fourier Amplitude Sensitivity Test (FAST) was originally developed by Shuler et al[7-8]. It is an effective 
global SA when the input-output is nonlinear and non-monotonic. Considering the nonlinear relationship between 
inputs and G, it is appropriate to conduct sensitivity analysis using FAST. The main idea of FAST is to assign each 
input parameter with an integer frequency according to the Fourier transformation. The influence of a specific input 
parameter on the output, the sensitivity index, can be assessed by the variance contribution, which can be obtained 
by the characteristic integer frequency [9-10]. 

For the model G=g(X1, X2…Xn), every uncertain factor Xi can be transformed into a function of character 
frequency: 

1 1( arcsin(sin( ))),   
2i i iX F s sω π−= + − ≤ ≤ π  (3) 

Where, 
1

iF −

 is the inverse cumulative distribution function for Xi. ωi is the character frequency for Xi and s is 
the common variable for all variables. If s varies, all Xis vary simultaneously in their own regions of variance at the 
rate according to ωi.

Substituting Eqn.3 into G, we can present the model as a Fourier series: 
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