
Accepted Manuscript

Modeling of nonlinear response in loading-unloading tests for fibrous compo-
sites under tension and compression

Jie Wang, Yi Xiao, Keisuke Inoue, Mashamichi Kawai, Yuande Xue

PII: S0263-8223(17)33230-0
DOI: https://doi.org/10.1016/j.compstruct.2018.09.054
Reference: COST 10200

To appear in: Composite Structures

Received Date: 2 October 2017
Revised Date: 8 August 2018
Accepted Date: 18 September 2018

Please cite this article as: Wang, J., Xiao, Y., Inoue, K., Kawai, M., Xue, Y., Modeling of nonlinear response in
loading-unloading tests for fibrous composites under tension and compression, Composite Structures (2018), doi:
https://doi.org/10.1016/j.compstruct.2018.09.054

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.

https://doi.org/10.1016/j.compstruct.2018.09.054
https://doi.org/10.1016/j.compstruct.2018.09.054


  

Wang et al. 

 1 

(Title Page) 

Modeling of nonlinear response in loading-unloading tests 

for fibrous composites under tension and compression 

 

Jie Wang1, Yi Xiao1*, Keisuke Inoue2, Mashamichi Kawai2*, Yuande Xue1 

1 School of Aerospace Engineering and Applied Mechanics, Tongji University, Shanghai 200092, China 

2Department of Engineering Mechanics and Energy, University of Tsukuba, Tsukuba 305-8573, Japan 

 

Abstract: Loading-unloading tests on unidirectional HTS40/PA6 carbon/polyamide laminates 

are performed in this study to identify the nature of off-axis nonlinear deformation of fibrous 

composites under tension and compression. Experimental results reveal the involved residual 

strain (plastic strain) and hysteresis loop during loading and unloading, and their dependence 

on stress level, fiber orientation, and tension or compression mode. The hysteresis behavior is 

assumed to be induced by a component of strain, which is considered as anelastic strain. This 

strain is recoverable like elastic deformation but dissipates work like plastic deformation. An 

approach is developed to predict the tension-compression asymmetry in plastic strain and 

anelastic strain, as well as the dependence of asymmetry on stress level and fiber orientation. 

The proposed approach is a modification of a strength differential model that considers the 

nonlinear deformation completely as plastic strain for monotonic tests. Predicted off-axis 

loading-unloading responses of unidirectional laminates are compared with the experimental 

results. The modified model is found to be effective for adequately describing the 

tension-compression asymmetry not only in plastic strain but also in complex nonlinear 

hysteresis behavior. 
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