
Accepted Manuscript

Predicting the non-linear mechanical response of triaxial braided composites

Tobias Wehrkamp-Richter, Nelson V. De Carvalho, Silvestre T. Pinho

PII: S1359-835X(18)30319-1
DOI: https://doi.org/10.1016/j.compositesa.2018.08.011
Reference: JCOMA 5145

To appear in: Composites: Part A

Received Date: 1 March 2018
Revised Date: 8 August 2018
Accepted Date: 10 August 2018

Please cite this article as: Wehrkamp-Richter, T., De Carvalho, N.V., Pinho, S.T., Predicting the non-linear
mechanical response of triaxial braided composites, Composites: Part A (2018), doi: https://doi.org/10.1016/
j.compositesa.2018.08.011

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.compositesa.2018.08.011
https://doi.org/10.1016/j.compositesa.2018.08.011
https://doi.org/10.1016/j.compositesa.2018.08.011


  

Predicting the non-linear mechanical response of triaxial braided composites

Tobias Wehrkamp-Richtera,c,∗, Nelson V. De Carvalhob, Silvestre T. Pinhoc

aInstitute for Carbon Composites, Technische Universität München, Faculty for Mechanical Engineering, Boltzmannstr. 15, D-85748

Garching b. München, Germany
bNational Institute of Aerospace, resident at: Durability, Damage Tolerance and Reliability Branch, NASA Langley Research Center,

Hampton, VA 23681-2199, USA
cDepartment of Aeronautics, Imperial College London, SW7 2AZ London, United Kingdom

Abstract

In this paper, the non-linear mechanical response of triaxial braided composites under multiple loading conditions was

investigated with a meso-scale simulation strategy. Numerical predictions made by three-dimensional finite element

unit cells with a realistic internal geometry in two nesting configurations correlated well with experimental stress-

strain curves and damage mechanisms. Although the investigated braid topologies exhibited considerable geometric

variability, the unit cell modelling approach with a compacted geometry model built from average input parameters was

capable of correctly predicting the homogenised constitutive response, localisation, and damage evolution. Further,

the mechanical response was predicted under variable uni-axial off-axis load cases and the effect of the textile topology

on the ultimate strength of the material was investigated. Aside from providing a valuable insight into how damage

propagation is affected by the meso-structure, the predicted stress-strain curves can be used to calibrate macroscopic

material models suitable for large-scale crash simulations of textile composites.
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1. Introduction

As a result of tight constraints on manufacturing costs and cycle-time in the industry, braided composites have recently

been receiving increased attention. Aside from significant processing advantages over traditional laminates, their high

specific energy absorption and excellent damage tolerance characteristics make them an ideal choice for designing

primary load-carrying structures [1]. The accurate prediction of their non-linear mechanical response, however, remains

a challenging task. Owing to the inherent textile nature with its out-of-plane waviness, interacting fibre bundles, resin5

pockets, and nesting of compacted plies, the material exhibits a complex failure and damage behaviour. In light of

the fact that the textile architecture can vary significantly on a composite component with a multitude of parameters

effecting the material properties, the determination of robust material properties by experimental test campaigns is

highly cost- and time-intensive.

Finite-element (FE) modelling of mesoscopic unit cells provides powerful means for investigating the material behaviour10

of braided composites via virtual testing. In textile composites, a representative domain of the internal geometry is

considered wherein the constituent reinforcing yarns are explicitly rendered as homogeneous continua. This approach

can be applied to a variety of problems, ranging from the simulation of a dry fabric to the composite mechanical
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