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Abstract:  
For the past many decades’ enormous research has been done on mechanical and moulding properties 

of 2D woven and non-woven fabrics. The current paper presents a comprehensive investigation of the 

tensile, bending and moulding behaviours of 3D orthogonal warp interlock fabrics with different fabric 
densities. Four 3D warp interlock fabrics with different areal density made from 168Tex linear density 

p-aramid Kevlar yarn were manufactured on dobby loom in GEMTEX laboratory. Based on the 

investigation both fabric density and yarn density shows a significant effect on bending and tensile 

properties of the fabrics. The bending rigidity in the warp and weft directions become higher in 
preforms with denser weft and warp yarn densities respectively. In general, as the yarn density in the 

respective warp or/and weft direction increases, the maximum tensile load with maximum strain 

increases. Moreover, the fabric and yarn density has also shown a great impact on various 
mouldability characteristics of 3D warp interlock preforms while deformation. The study finally 

elucidated that, like other parameters, fabric and the yarn density of 3D warp interlock influenced 

greatly the tensile, bending and moulding properties where those parameters should be considered 

carefully while applying in various technical textile applications i.e., soft body armour. 
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1. Introduction  
The current research trend in the most textile technical application is to familiarise low-cost 

manufacturing techniques for advanced material without compromising the overall performances. For 

the past many years, 2D textile fabrics have been utilised in different technical applications 
[1][2][3][4]. However, recently 3D woven fabrics were developed in advanced textile weaving 

techniques to extensively substitute 2D fabrics. Moreover, 3D warp interlock fabrics provides various 

advantages in most applications including soft body armour compared to conventional 2D high- 
performance fabrics. According to researchers, the ballistic and impact resistances along good 

flexibility is improved by introducing through-the-thickness binder yarns in the 3D fabric construction 

[5][6]. This is due to fibres inserted  the 3D fabric structure and integrated without any major 

degradation that increase the resistance both in warp and weft directions [7]. It was also revealed that 
weft layers inside 3D warp interlock fabrics are greatly interconnected together through binding yarn 

to produce thick reinforcement for different technical applications [8][9]. The binding yarn also helps 

to disintegrate loads in different directions and keep the yarns by stabilizing the integrity of the entire 
structure [10]. In 3D warp interlock structure, the location of a binding yarn [11] ensures better 

mechanical properties both in structure and in the thickness as compared to stacked 2D fabrics. 

Besides, 3D textiles are also involved in the ballistic protection due to the enhanced mechanical 
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