APPENDIX A: Overview of Fire Protection in Buildings

Structural Interaction: In contrast to an isolated member exposed to fire, the way in which a
complete structural building frame performs during a fire is influenced by the interaction of the connected
structural members in both the exposed and unexposed portions of the building. This is beneficial to the
overall behavior of the complete frame, because the collapse of some of the structural members may not
necessarily endanger the structural stability of the overall building. In such cases, the remaining interacting
members develop an alternative load path to bridge over the area of collapse. This is a current area of
research and is not addressed by traditional fire resistance tests.

Tensile Membrane Action: A tensile membrane (catenary) action can be developed by metal deck and
reinforced concrete floor slabs in a steel-framed building whose members are designed and built to act
compositely with the concrete slab (Nwosu and Kodur 1999). This action occurs when the applied load on
the slab is taken by the steel reinforcement, due to cracking of the entire depth of concrete cross-section or
heating of supporting steel members beyond the critical temperature. Tensile membrane action enhances the
fire resistance of a complete framed building by providing an alternative load path for structural members
that have lost their loadbearing capacity.

Temperature Distribution: Depending on the protective insulation and general arrangements of
members in a structure, steel members will be subjected to temperature distributions that vary along the
length or over the cross-section. Members subjected to temperature variation across their sections may
perform better in fire than those with uniform temperature. This is due to the fact that sections with
uniform temperatures will attain their load capacity at the same time. However, in members subjected to
non-uniform temperature distribution, a thermally induced curvature will occur to add to the deflections
due to applied loads and some parts will attain the load limit before the others. Temperature distributions
within structural members may be attained if the member is part of a wall or floor-ceiling assembly where
the fire exposure is applied only to one side.

A.3.2 Effect of Fire on Concrete

A.3.2.1 General

Concrete is one of the principal materials widely used in construction and, in fire protection
engineering terminology, is generally classified as Group L (loadbearing) building material: materials capable
of carrying high stresses. The word concrete covers a large number of different materials, with the single
common feature that they are formed by the hydration of cement. Because the hydrated cement paste
amounts to only 24 to 43 volume percent of the materials present, the properties of concrete may vary
widely with the aggregates used.

Traditionally, the compressive strength of concrete used to be around 20-50 MPa, which is referred to
as normal-strength concrete . Depending on the density, concretes are usually subdivided into two major
groups: (1) normal-weight concrete, made with normal-weight aggregate, with densities in the 2,200 to
2,400 kg/ m3 range, and (2) lightweight concrete, made with lightweight aggregate, with densities between
1,300 and 1,900 kg/m3.

The floor slabs at WTC 1 and WTC 2 (as well as in most of the WTC buildings and vicinity) were
made of concrete made of metal deck. The floor construction typically consisted of 4 inches of lightweight
concrete fill on corrugated metal deck. Hence, the discussion here is focused on lightweight concrete.

A.3.2.2 Properties of Lightweight Concrete

As with steel, concrete loses strength with temperature, though some concretes maintain their ambient
temperature strength up to a greater temperature than structural steel. Some lightweight concretes may not
exhibit the same level of performance as normal weight concretes under severe fire conditions. In these
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