
APPENDIX A: Overview of Fire Protection in Buildings 

National Institute of Standards and Technology (NIST) is an example of such a model that has the promise 
of developing into a tool that could be used to estimate the variation in incident heat flux on structural 
elements over a large space of fire involvement. 

A.3 Structural Response to Fire 

A.3.1 Effect of Fire on Steel 

A.3.1.1 Introduction 
Fire resistance is defined as the property of a building assembly to withstand fire, or give protection 

from it (ASTM 2001a). Included in the definition of fire resistance are two issues. The first issue is the 
ability of a building assembly to maintain its structural integrity and stability despite exposure to fire. 
Secondly, for some assemblies such as walls and floor-ceiling assemblies, fire resistance also involves serving 
as a barrier to fire spread. 

Fire resistance is commonly assessed by subjecting a prototype assembly to a standard test. Results 
from the test are reported in terms of a fire resistance rating, in units of hours, based on the time duration of 
the test that the building assembly continues to satisfy the acceptance criteria in the test. 

Fire resistance rating requirements for different building components are specified in building codes. 
These ratings depend on the type of occupancy, number of stories, and floor area. Because the standard test 
is intended to be a comparative test and is not intended to predict actual performance, the hourly fire 
resistance ratings acquired in the tests should not be misconstrued to indicate a specific duration that a 
building assembly will withstand collapse in an actual fire. 

Generally, the fire resistance rating of a structural member is a function of: 

• applied structural load intensity, 

• member type (e.g., column, beam, wall), 

• member dimensions and boundary end conditions, 

• incident heat flux from the fire on the member or assembly, 

• type of construction material (e.g., concrete, steel, wood), and 

• effect of temperature rise within the structural member on the relevant properties of the member. 

The fire performance of a structural member depends on the thermal and mechanical properties of the 
materials of which the building component is composed. As a result of the increase in temperature caused by 
the fire exposure, the strength of steel decreases along with its ability to resist deformation, represented by the 
modulus of elasticity. In addition, deformations and other property changes occur in the materials under 
prolonged exposures. Likewise, concrete is affected by exposure to fire and loses strength and stiffness with 
increasing temperature. In addition, concrete may spall, resulting in a loss of concrete material in the assembly. 
Spalling is most likely in rapid-growth fires, such as may have occurred in WTC 1 and WTC 2. 

The performance of fire-exposed structural members can be predicted by structural mechanics analysis 
methods, comparable to those applied in ambient temperature design, except that the induced deformations 
and property changes need to be taken into consideration. 

Beams and trusses may react differently to severe fire exposures, depending on the end conditions and 
fabrication. Unconnected members may collapse when the stresses from applied loads exceed the available 
strength for beams and trusses. In the case of connected members, significant deflections may occur as a 
result of reduced elastic modulus, but structural integrity is preserved as a result of catenary action. 
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