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UNDERSTANDING SENSITIVITY ANALYSIS FOR
COMPLEX FIRE MODELS
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USA : ‘

“Analytical models for predicting fire behavnor have been evolving since the 1960’s. These analytical
tools have_progressed to the point of provndmg predictions of fire behavior with an accuracy suitable
for most engineering applications. Two questions arise concerning the use of these models for
engineering calculations: 4

« How precise. do the inputs to the model need to be (Hov@I do changé_s in the inputs effect the predictions)?
» How accurate is the output of model (How close are the actual conditions to those. predicted by the model)?

Several methods of sensitivity analysis have been applied to fire models. These range from explicit
evaluation of the equations used in simple models such as ASET' to pointwise evaluation of complex
models from numerous computer runs of the model’. For simple models like the ASET model,
analytical techniques can be readily applied. For more complex fire models, obtaining an overall
assessment of model sensitivity increases with the complexity of the model, requiring evaluation of -
numerous model inputs and outputs.

In a report for the Electric Power Research Institute’ on validation of power plant plume models, a’
number of statistical techniques were presented for assessing the uncertainty of predictions based on
comparing the residuals betweens measured and predicted values. Examples are

« A time series of the residuals shoutd appear as Gaussian noise and of the residuals should form a symmetric distribution.
» The mean value of the residuals should be zero, and unusually large residuals (outliers) should be rare.

» When plotted against other exogenous variables, the residuals should be random in magnitude and sign.

* A co-plot of residuals and predicted values should show no pattern. .

Although these tests were applled to the comparlson of measured and predicted values, the |dent1cal
problem exists in sensitivity analysns
Iman and Heiton*¢ studied the sensmvrty of complex computer models developed to simulate the risk
of severe nuclear accidents whxch may include fire and other risks. Three approaches to uncertamty
and sensitivity analysis were explored:

- response surface methodology where the inputs are determined. from a fractional factorial design, a
+ Latin hypercube sampling where carefully chosen random sampling is used to determine model inputs, and
« differential analysis used to evaluate sensitivity for small perturbations about a single set of model inputs.

Khoudja? has studied the sensitivity of an early version of the CFAST model with a fractional factorial
design involving two levels of 16 different input parameters. His analysis showed a particular
sensitivity to the inclusion of conduction in the calculations and lesser sensmv:ty to the number of
compartments included in a simulation..

We examine these questions, requirements and methodologies using an example fire model to point



out the strengths and weaknesses of our current level of understanding™®, and present a number of these
alternatives for analyzmg the sensitivity of both simple and complex room fire models and show how
they can be used n practice, .
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