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A Multi-Layer Zone Smoke Transport Model
Including Fire Growth on Combustible Linings

Tomoaki NISHINO™!, Koji KAGIYA™
ABSTRACT

Timber is increasingly used as interior linings in large buildings as well as structural members.
In general, using combustible materials as interior wall and ceiling linings has been considered
to remarkably enhance fire growth and pose a threat to occupants’ lives. However, full-scale fire
experiments conducted in recent years have demonstrated that it is not necessarily true for a
room partially lined with timber and a large room. In contrast, performance-based design in
Japan has uniformly used a very severe design fire in verifying the evacuation safety of
buildings regardless of the location of a timber lining and the size of a room. This is an

excessive restriction of using timber as interior linings.

A new computational model for pre-flashover fires in timber-lined spaces was developed for use
in evacuation safety verification. The developed model simultaneously simulates fire growth on
combustible linings and smoke transport in multiple spaces. Key differences from conventional
models used in practice such as BRI2002 are that (1) the new model predicts the burning area
and heat release rate of combustible linings as a function of time using upward, lateral and
downward flame spread equations and cone calorimeter data on time history of heat release rate
of materials, and (2) the new model is based on a multi-layer zone concept; that is, the new
model predicts the vertical profiles of physical quantities such as temperature in each space of a
building as a function of time by dividing each space into multiple layers by horizontal
boundary planes and assuming each layer as a control volume in which physical properties are
uniform. The smoke layer height and temperature used in evacuation safety verification are

determined from the vertical profile of gas temperature in each space.

This report describes the mathematical formulation and the performance of the model. To
validate the performance, model predictions for gas temperatures and heat release rates were
compared with data from five series of full-scale fire experiments previously reported in the
literature, which includes experiments on smoke filling in an atrium and smoke transport in

multiple rooms as well as experiments on fire growth in rooms partially lined with timber.

*1 Visiting Research Fellow, Department of Fire Engineering, Building Research Institute
(Associate Professor, Disaster Prevention Research Institute, Kyoto University)

*2 Chief Research Engineer, Department of Fire Engineering, Building Research Institute
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