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Thermo-mechanical behavior of polymer composites exposed to fire
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ARTICLE INFORMATION ABSTRACT

Nowadays, the use of polymer-based composites has been growing. Composites due to mechanical,
chemical and physical properties are widely used, but the inherent combustion of these materials and the
lack of strength at high temperatures, especially when exposed to fire is one of the challenges of using
composites in industries. When composites are exposed to fire, matrix of composite decomposed with
heat release, smoke, soot and toxic fumes. Due to the influence of fire on the composite structure,
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Composites structures several thermal processes oceur such_as thermal cppductlvny_m the structure, _produptlon gnd escape of
Fire the gases from the composite and resin decomposition. The aim of this study is the investigation of the
Thermal-Mechanical Analysis effects of fire on the composite structures. Analysis of composite resistance to fire, determining the
Abaqus amount and duration of the fire-resistant composite as well as the effects of thermal stress in composite

structure requires thermo-mechanical analysis of the composite. ABAQUS software is used for solving
the problem in this study. An appropriate model for analyzing the thermal and mechanical parts of the
problem according to the governing equations is developed and imported to the Abaqus software
through Abaqus subroutines. Thermo-mechanical model is confirmed with the results of valid studies.
Finally, this model is used for thermo-mechanical analysis of a composite cylindrical structure exposed
to the fire. The results showed that by estimating the failure time of the composite, it is possible to
determine the amount of load that can be applied to the structure under different conditions of fire.
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Fig. 1 Temperature-time response of composite at heat flux of
25kW/m? for cold, middle and hot face compared to Refs. [14,15]

51..525 @)IP )Li‘; 6')’-‘ &\O5L5|L..n Sy Slxbao LSIJ'.' Lo 1S3 )\.554.'»1 J&w
[15] b 5 [14] 3,15 L o duslio g qoyo i p g

900

800

700

LI L DL |

Conduction-Present study

- - — — Fire-Present study
| ] Feih
A Luo
soog Ly v
0 500 1000 1500 2000 2500 3000
t(s)

Fig. 2 Temperature-time response of composite at heat flux of
50kW/m? for cold, middle and hot face compared to Refs. [14, 15]
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Fig. 3 Temperature-time response of composite at heat flux of
25kW/m?for cold, middle and hot face compared to Ref. [12]
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Fig. 9 Density rate-time response of composite cylinder for cold,
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Fig. 10 Temperature variations in the thickness direction vs. time for
hot, middle and cold face
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