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ABSTRACT: Experimental dynamic tests for energy absorption by four selected auxetic fabrics were conducted and analysed. An original 

test stand was designed, manufactured and attached to a Hopkinson’s bar. The energy absorbed by an auxetic curtain is expressed in terms of 

energy of the maximum elastic deformation of unit volume along the support line of the witness plate. An impulse load was induced using 

a gas blow with pressure corresponding to the gas explosion in a closed room. An auxetic fabric with the best energy-absorption properties 

has been identified on the basis of the comparative analysis using a reference system with a steel specimen. 
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1. Introduction 

An auxetic fabric, composed of auxetic yarns as a warp 

and ordinary fibres as a weft, is considered. The fabric is of 

a plain weave type. An auxetic fibre is wound in a double 

helix, and contains a thin high-stiffness, high-strength spiral 

wrap and a thick elastomeric core. Under tension in the 

yarn direction, the spiral wrap tends to straighten, which 

causes bending of the the core resulting in a negative 

effective Poisson’s ratio. Hence, the elastomeric core absorbs 

energy by bending itself. Changes in the wrap angle during 

tension of the auxetic fibres result in a Young’s modulus 

and Poisson’s ratios depended on strain [1].  

Components of an auxetic fabric are well-known materials 

with positive Poisson’s ratios. A negative effective Poisson’s 

ratio is caused by geometrical configuration of the compo-

nents of significantly different mechanical properties.  

The main advantages of auxetic materials are as follows [2]: 

increased shear stiffness, a double synclastic curvature in 

bending, increase in the fracture strength, increased resistance 

to dents, and increased damping. 

 

2. Specification of fabrics and methodology  

of experimental research 

Four types of auxetic fabrics commercially available in 

England are considered in the current study (Table 1). 

The energy absorption research was carried out using a 

specifically designed instrumentation, indicated as AFGB 

(a stand for Auxetic Fabric under Gas Blast). A concept of 

the instrumentation is as follows (Fig. 1):  

– A bottom plate of the instrumentation is assembled 

with a bottom plate of a Hopkinson’s bar.  

– In the vertical zone of the instrumentation, there is a 

circular zone of the gas impulse with pressure p acting 

on a fabric sample stretched in the vertical direction 

coinciding the auxetic yarns.  

– A circular zone of the gas outlet nozzle has a diameter 

of 25 mm and is close to the sample (an auxetic fabric 

or a reference plate). Therefore, it can be assumed that 

an impulse of gas pressure acts only in the circular 

zone.  

– Auxetic fibres are arranged vertically and fixed in the 

horizontal blocks.  

– There are registered longitudinal strains close to the 

support line of the witness plate and a process of 

stretching and destroying the fabric sample using a 

high speed camera. The witness plate is a cantilever.  

– A 5 mm thick reference plate made of S235JR steel, 

replacing an auxetic fabric sample, is applied.  

It can be assumed that a gas explosion wave for indoors 

explosion takes approximately the form of a triangle 

impulse. The maximum pressure of the wave is equal to  

p = 8 bar = 0.8 MPa. For the explosion in a room with 

decompression holes, it is assumed that the maximum 

pressure is 0.2 MPa [3].  

A strip of an auxetic fabric has following dimensions:  

120 × 140 [mm], and it is fixed on the horizontal edges. The 

way of fabric fixing provides energy dissipation only by 

auxetic fibres. The warp fibres do not work. 

On the basis of the recorded signals, time histories of 

the longitudinal strain close to the witness-plate rigid 

support line were prepared both for the reference plate and 

the selected auxetic fabrics.  

 

Table 1. Components and some properties of auxetic fabrics (AF) selected for experimental tests 

Parameter 
Auxetic fabric 

AF1 AF2 AF3 AF4 

warp fibres DuPont  

Kevlar 29  

(3000 den) 

glass fibre with 

stainless steel wire 

inclusions 

para-aramid  

Twaron Type 2200  

(1100 dtex) 

ballistic Nylon  

6-6 HT  

(940 dtex) 

auxetic  

yarns 

spiral  

wrap 

DuPont  

Kevlar 129 

DuPont Kevlar  

(777 dtex) 

Twaron Type 2200  

(1100 dtex) 

Honeywell  

Spectra 1000 (375 den) 

elastomeric  

core 
0.6 mm diameter, elastomeric polyester monofilament (1000 den) 

weight 700 gsm 820 gsm 650 gsm 650 gsm 

remarks — higher fire resistance — resistant to UV radiation 
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Fig. 1. Visualisation of AFGB instrumentation  

– isometric view from top 

 

3. Results of experimental tests and their analysis 

Time histories of the longitudinal strain ε(t) for the 

reference plate and the AF1 fabric are in presented Figs. 2. 

Each test was performed twice for separate samples. The 

values of the maximum strain for each test are summarized 

in Table 2 along with the relative energy absorbed Ea by 

each auxetic fabric. The energy is expressed in terms of 

energy of the maximum elastic deformation of unit volume 

along the support line of the witness-plate 

 

 

 

Fig. 2. Longitudinal strain vs. time, close to the witness- 

plate rigid support line, for reference plate (above)  

and AF1 fabric (below) 

Table 2. Maximum values of longitudinal strain  

and relative energy absorbed by auxetic curtains 

Specimen 

Longitudinal strain [m/m] Relative 

energy 

absorption  

[%] 

Sample  

1 

Sample  

2 
Average 

Ref. plate 608 607 608 – 

AF1 fabric 520 498 509 29.9 

AF2 fabric 600 593 597 3.6 

AF3 fabric 529 550 539 21.4 

AF4 fabric 572 580 576 10.2 

 

4. Summary and conclusions 

The study presents an original methodology of measuring 

the energy absorption by auxetic fabric curtains. The auxetic 

fibres were stretched, whereas the warp fibres were left free. 

A transverse load in the form of the gas pressure impulse was 

applied. 

Based on the results of the energy absorption by four 

selected auxetic fabrics, the following conclusions may be 

formulated:  

– Nonlinear elastic characteristics of the tested auxetic 

fabrics lead to a 80 ms delay in the response to the gas 

pressure impulse. 

– The pressure impulse causes the maximum deflection 

of the system, which is subsequently reduced to zero 

in an oscillating manner. Deflection decays to zero for 

the fabrics faster than for the reference plate.  

– Time histories ε (t) for both samples of each fabric are 

qualitatively consistent. Repeatability of the impulse 

and the measurements is very good.  

– The AF1 fabric with components specified in Table 1 

has the best  properties in terms of energy absorption 

by auxetic curtains. In reference to the AFGB 

instrumentation the energy absorption by AF1 fabric 

is the highest and equals ~30% (Table 2).  

– The energy absorption is correlated with a fabric 

sample destruction level.  

 

The study was supported by the National Centre for Research 

and Development, Poland, as a part of the research project 

No. DOB-BIO6/04/104/2014 (acronym THERMOTEX), 

financed in the period 2014–2017. This support is gratefully 

acknowledged. 

 

Literatura 

[1] Wright J.R., Evans K.E., Burns M.K., Auxetic blast protection textiles 
– Crime feasibility study, Final Report – EP/D036690/1, University of 

Exeter, United Kingdom 2007. 

[2] Miller W., Hook P.B., Smith C.W., Wanga X., Evans K.E., The 
manufacture and characterisation of a novel, low modulus, negative 

Poisson’s ratio composite, Composite Science and Technology, 

Vol. 69, 2009, pp. 651–655. 
[3] Chyzy T., Method of analysis of residential buildings loaded by 

overpressure of internal gas explosion zone, [in Polish] Monograph 

No. 172, Publishing House of the Bialystok University of Technology, 
Bialystok, Poland 2009.  


