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Abstract
Composites structures are widely using in varied fields of industry, where it has to take into account changes of
temperature or it is possibility of fire hazards. Heat transfer and fire conditions in composites are very often analysis
issues nowadays. A large amount of research in area of modelling heat transfer and fire loading of composites has
been performed for both experimental studies and modelling and simulation. The most common areas of analysis
of thermal composite structures are: multiscale modelling of heat transfer, simultaneous fire and mechanical loading,
fire involved failure and temperature distribution under fire and elevated temperature conditions.
This paper presents analysis of heat transfer in composites with taking into account their shape and thickness. The
models include a convection mode of heat transfer. The first composite plate is 10 cm wide by 10 cm tall with a thickness
of 1 cm. The modified structure has also second part, smaller plate on top 5 cm wide by 5 cm in right corner. They
made of glass/vinylester composite. The plates are heating in one, two and three directions. The results are shown in
forms of contours of temperature distribution and thermal gradient. Comparison of results for the modelled structures
shows differences in the shape and thickness of the analysed structure.
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1. Introduction
Composite structures are widely using in many fields of industry (aviation, offshore oil drilling
platforms, ships) where heat transfer is significant issue. Sometimes composites are even used in
constructions exposed to fire hazards. This situation means that it is very important to obtain the
greatest knowledge about heat diffusion in composites. Behaviour of composites in fire are studied
and analysed using mathematical and numerical models presented in analysis for example by
Looyeh and Mouritz [1, 7, 9].
There are several thermal properties, which effect on thermal resistance, such as low thermal
conductivity, structural integrity and signi¿cantly, the endothermic decomposition of the matrix,
which results in a slower heat diffusion through the laminate [3]. Fire properties experimentally can
be determined with using two kinds of experimental tests, which carried out to describe properties
of composites: small-scale tests such as non-combustibility, ignitability, surface spread of flame
and cone calorimeter and large-scale test that simulates realistic conditions [3].
Modelling of realistic thermal behaviour of heat transfer in composite under fire hazards will
help to minimize the number of experimental tests and predict thermal response in realistic
situations the engineer, whose is working with new materials or applications [3]. Finite element
method is very good and powerful for analysis solutions of such analysis [11].
Modelling of structural behaviour of composites in fire requires detailed describing heat
transfer in composites and taking into accounting types of fire damages in composites. Fig. 1
shows the possible different types of temperature-involve damages in composite under fire
loading. In fire hazards, in the matrix at the fiber-matrix interface pores with gas inside develop
under the high internal pressure. Delaminations in composites under fire are due to the internal
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pressure rise; thermally induced strains caused by thermal expansion and reduce interlaminar
fracture toughness. Decomposition and char formatting are also very important to analysing
structural response of composites in fire [10].

Fig. 1. Cross-sectional view of the fire-damaged laminate [3]

Typically, damages processes under loading by fire or elevated temperatures are shown in Fig. 2.
They depend of thickness of composite. Another possibility to classify gives the dependence types
of damages from temperature (see Fig. 3).
Models of heat transfer in composites are basis for much more complicated analysis connected
with fire hazards [8]. Fire and elevated temperature induced damages and the heat transfer
anisotropy [12] cause that describing of behaviour composite in elevated temperatures result the
need to take a closer look at the dependence of the thickness and shape of the composite structure
on the distribution of temperature.
Initial stage of exposure of composite to fire is linked with heat diffusion through the laminate
without chemical reactions. However, when temperature equal to 200°C it begin to appear more
complicated reactions and analysis of heat transfer in composite is more difficult. Presence
charring in higher temperatures due to low thermal conductivity causes to keeping interior of
laminate cool [2].

Fig. 2. Schematic of the fire processes of charring polymer under fire in the through-thickness direction [3]

2. Methods
The governing equation [6] for heat transfer in composites plate heated from one side through
a solid material with no internal heat generation is:
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Fig. 3. Various responses of fiberglass laminate with temperatures [3]
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where:
U – density,
T – temperature,
t – time,
C – specific heat capacity.
Temperature distribution with fire loading from the 1-D heat diffusion equation is described by
Fourier’s differential equation for heat conduction:
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where:
mg – mass flux,
Qp – resin heat by decomposition (2.3446E–06 J/kg),
kkomp – enthalpy of composite,
hkomp – enthalpy of gas.
The heat distribution when the model is loading in three directions is given by:
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where kx(T), ky(T), kz(Y) are the thermal conductivities in the x, y, z directions, respectively.
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These equations show how complicated the response of the material to heat along with a more
accurate way to analyse the diffusion of heat. This paper is focused on presented changes of
temperature distribution according to the type of heat loading and thickness or shape of composite
structure.
In this paper, we consider two types of composite structure (see Fig. 4). In the first case, composite
plate is 10 cm wide by 10 cm tall with a thickness of 1 cm. The plate is made of a unidirectional
composite material, Eglass/8084 fibres within a vinylester resin. The plate is under thermal convection
loading from one side. Material properties are from literature [5], material and heat properties are
shown in Tab. 1.
Tab. 1. Material and heat properties for unidirectional Eglass fiber composite reinforce by vinylester resin [5, 8]

E11
[GPa]

E22, E33
[GPa]

Q12, Q13

G23
[GPa]

D22, D33

[–]

G12, G13
[GPa]

D11

[–]

[PH/K]

[PH/K]

Kxx
[W/mK]

38.5

11.6

0.273

0.343

4.74

4.33

9.47

39

0.43

Q23

In the second case, analysing composite structure have different shape and thickness. Plate is
made from two parts with uniform thickness, smaller plate is glued to the top right corner of the
first structure.

a)

b)

Y

Y
Z

Z

X

X

Fig. 4. Partial view of the meshed structures: a) simply plate, b) plate with two parts

3. Results
In this analisis we consider three types of heat loading: one-side heat heating; heat on one side
of plate and according to x direction; one side and according to x and y directions. Results are
shown in Fig. 5 in forms of temperature distribution and thermal gradient. Differences in maximum
values of temperature distribution in nodes and maximum values of thermal gradient are quiet low
when the temperature of heat loading is the same in case of simply plate.
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Fig. 5. Contours of temperature distribution and thermal gradient of simple composite plate – three types of heat loading

Fig. 6. Comparison of the data points from top and bottom layers in a laminate one-side heating in model with nonhomogenous thickness
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Next model was complicated to form of structure with two thickness. Relationship between hot
and cold side of complex model was exactly the same as simple plate model in literature [5]:
Temperature distribution and thermal gradient for complicated structures are shown in Fig. 7.
In this case dependences types of heat loading and heat distribution are more complex and the
maximal values of temperature are higher.
a)

b)

c)

d)

e)

f)

Fig. 7. Contours of temperature distribution and thermal gradient of two glued composite plates – three types of heat loading

4. Conclusions
This paper presents modelling of heat diffusion in composites. Two types of composite
structures models are consider. Applying of heat loading in three different ways was next stage of
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presented analysis. Performed simulations showed that in analysis of heat transfer in composites it
is necessary to taking into consideration the overall heat loading. This is the more important the
more complex the shape of the structure is. Furthermore this factor is particularly important in
analysis of fire hazards.
Results from this paper and literature [4] show, that simply analysis of one side plate is not
sufficient to describe behaviour of composite structures under fire loading, because fire hazards
connect with non-homogenous heat transfer from fire distribution.
Based on this approach in the future work is possible a more accurate analysis of composite
structures under fire load.
References
[1] Bai, Y., Keller, T., Modeling of Mechanical Response of FRP Composites in Fire, Composites.
Part A: Applied Science and Manufacturing, Vol. 40, No. 6, pp. 731-738, 2009.
[2] Davies, J. M., Wang, Y. C., Wong, P. M. H., Polymer Composites in Fire, Composites. Part A:
Applied Science and Manufacturing, Vol. 37, Is. 8, pp. 1101-1230, 2006.
[3] Dodds, N., Gibson, A. G., Davies, J. M., Dewhurst, D., Fire Behaviour of Composite Laminates,
Composites. Part A: Applied Science and Manufacturing, Vol. 31, pp. 689-702, 2000.
[4] Feih, S., Mathys, Z., Gibson, A. G., Mouritz, A. P., Modelling the Compression Strength of
Polymer Laminates in Fire, Composites. Part A, Vol. 38, pp. 2354-2365, 2007.
[5] Key, C. T., Lua, J., Constituent Based Analysis of Composite Materials Subjected to Fire
Conditions, Composites. Part A, Vol. 37, pp. 1005-1014, 2006.
[6] Lattimer, B. Y., Ouellette, J., Properties of Composite Materials for Thermal Analysis Involving
Fires, Composites. Part A, Vol. 37, pp. 1068-1081, 2006.
[7] Looyeh, M. R. E., Rados, K., Bettess, P., Thermochemical Responses of Sandwich Panels to
Fire, Finite Elements in Analysis and Design, Vol. 37, pp. 913-927, 2001.
[8] McGurn, M. T., Des Jardin, P. E., Dodd, A. B., Numerical Simulation of Expansion and Charring
of Carbon-Epoxy Laminates in Fire Environments, International Journal of Heat and Mass
Transfer, Vol. 55, pp. 272-281, 2012.
[9] Mouritz, A. P., Simple Models for Determining the Mechanical Properties of Burnt FRP
Composites, Materials Science and Engineering: A, Vol. 359, pp. 237-246, 2003.
[10] Mouritz, A. P., Feih, S., Kandare, E., Mathys, Z., Gibson, A. G., Des Jardin, P. E., et al., Review
of Fire Structural Modeling of Polymer Composites, Composites. Part A, Vol. 40, pp. 18001814, 2009.
[11] Nayak, R., Tarkes Dora, P., Satapathy, A., A Computational and Experimental Investigation
on Thermal Conductivity of Particle Reinforced Epoxy Composites, Computational Materials
Science, Vol. 48, pp. 576-581, 2010.
[12] Yan, X., Finite Element Formulation of a Heat Transfer Problem for an Axisymmetric Composite
Structure, Computational Mechanics, Vol. 36, Is. 1, pp. 76-82, 2005.

69

