APPENDIX A: Overview of Fire Protection in Buildings

concretes, spalling under fire conditions is one of the major concerns. The fire resistance of lightweight
concrete structural members is dependent on spalling characteristics in addition to thermal and mechanical
properties of lightweight concrete at elevated temperatures.

A great deal of information is available in the literature on the properties of lightweight concrete
(Abrams 1979, ACI 1989, Lie 1992, Kodur and Harmathy 2002). The modulus of elasticity (E) of various
concretes at room temperature may fall within a very wide range, 5.0 x 103 to 50.0 x 103 MPa, dependent
mainly on the water-cement ratio in the mixture, the age of concrete, and the amount and nature of the
aggregates. The modulus of elasticity decreases rapidly with the rise of temperature, and the fractional
decline does not depend significantly on the type of aggregate (Kodur 2000)(see Figure A-11; E in the
figure is the modulus of elasticity at room temperature).

The compressive strength (0,) of lightweight concrete can vary within a wide range and is influenced
by the same factors as the modulus of elasticity. For conventionally produced lightweight concrete (at the
time of the WTC construction in 1970s), the strength at room temperature usually was in the 20 to 40
MPa range. The variation of the compressive strength with temperature is presented in Figure A-12 for two
lightweight aggregate concretes, one of which is made with the addition of natural sand (Kodur 2000);
(0,), in the figures refers to the compressive strengths of concrete at room temperature). The strength
decrease is minimal up to about 300 °C (570 °F); above these temperatures, the strength loss is significant.

Generally, lightweight concrete has a lower thermal conductivity, lower specific heat, and lower thermal
expansion at elevated temperatures than normal-strength concrete. As an illustration, the usual ranges of
variation of the specific heat for normal-weight and lightweight concretes are shown in Figure A-13.
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Figure A-11 The effect of temperature on the modulus of elasticity strength of different types of concretes (Kodur and
Harmathy 2002).
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