
�������� ��	
�����

Three-dimensional modeling and experimental validation of thermomechani-
cal response of FRP composites exposed to one-sided heat flux

Shengbo Shi, Linjie Li, Guodong Fang, Jun Liang, Fajun Yi, Guochang
Lin

PII: S0264-1275(16)30383-5
DOI: doi: 10.1016/j.matdes.2016.03.098
Reference: JMADE 1576

To appear in:

Received date: 20 December 2015
Revised date: 15 March 2016
Accepted date: 18 March 2016

Please cite this article as: Shengbo Shi, Linjie Li, Guodong Fang, Jun Liang, Fajun
Yi, Guochang Lin, Three-dimensional modeling and experimental validation of thermo-
mechanical response of FRP composites exposed to one-sided heat flux, (2016), doi:
10.1016/j.matdes.2016.03.098

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.matdes.2016.03.098
http://dx.doi.org/10.1016/j.matdes.2016.03.098


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

1 

Three-dimensional modeling and experimental validation of thermomechanical 

response of FRP composites exposed to one-sided heat flux 

Shengbo Shi
1,3

, Linjie Li
2,3

, Guodong Fang
3
, Jun Liang

3
, Fajun Yi

3
, Guochang Lin

3
 

1. National Key Laboratory of Aerospace Flight Dynamics, Northwestern Polytechnical University, 

Xi’an 710072, P.R. China 

2. China Helicopter Research and Development Institute, Jingdezhen 333000, P.R. China 

3. Science and Technology on Advanced Composites in Special Environments Key Laboratory, Harbin 

Institute of Technology, Harbin 150001, P.R. China 

*Corresponding author: Shengbo Shi. Tel./fax: +86 29 88492783. E-mail address: 

shishengbo@nwpu.edu.cn (S. Shi). 

Abstract: The heat transfer, gas diffusion process and thermomechanical deformation are generally 

coupled and associated with the chemical decomposition for fiber reinforced polymer composites at 

elevated temperatures. The three-dimensional (3-D) governing differential equations for the coupled 

temperature-diffusion-deformation problem of porous elastomers were developed. The 

thermomechanical behavior of a silica/phenolic composite material was predicted using the 

mathematical model. The spatially dependent temperature and pore pressure, displacement, and stress 

contours of silica/phenolic composites exposed to one-sided radiant heat flux were investigated. Based 

on the digital image correlation technique, a non-contact high temperature deformation measurement test 

was conducted. The temperature profiles were measured by the thermocouples embedded in different 

depths of the specimen, while the full-field displacements and strains were provided by correlating the 

two digital images of the specimen surface in the un-deformed and deformed states, respectively. The 

accuracy of the proposed model was assessed by comparing the predicted temperatures and 

displacements with experimental values for the same boundary and initial conditions. 
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