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Abstract: Results of investigation of mechanical properties and the related temperature changes in  

a β-Ti alloy, Gum Metal, subjected to tension in a wide spectrum of the strain rates are pre-

sented. The stress-strain curves have been obtained by MTS testing machine while fast and 

sensitive infrared camera Phoenix Flir Co. allowed estimating temperature changes accom-

panying the specimen deformation process. The obtained mechanical curves confirm an ul-

tra-low elastic modulus and high strength of Gum Metal. The yield point was estimated with 

high accuracy basing on the thermoelastic effect measured by the advanced infrared tech-

nique. Furthermore, it was observed that the stress-strain characteristics change from hard-

ening to softening beyond the Yield point depending on the strain rate applied. 

 

1. Mechanical properties of Gum Metal in tension until rupture - influence of strain rate 

A comparison of stress vs. strain curves for the titanium alloy called Gum Metal until the 

specimen rupture and TiNi shape memory alloy pseudoelastic characteristics is presented in 

Fig. 1a, whereas influence of strain rate on the mechanical characteristics in Fig. 1b. 

 

 
  a)            b) 

 
Figure 1. Comparison of stress vs. strain curves: a) Gum Metal titanium alloy until rupture and TiNi 
shape memory alloy, b) Gum Metal subjected to tension at various strain rates (Pieczyska et al. 2015). 

 

Looking at Fig. 1 b one can notice that the stress-strain characteristics change from hardening 

to softening beyond the Yield point depending on the strain rate applied in the test. For lower 

strain rates: 10-5s-1, 10-4s-1 and 10-3s-1 hardening of the alloy during the further deformation is 

observed, whereas for higher strain rates: 10-2s-1, 2.4x10-2s-1 and 10-1s-1 softening occurs.  
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2. Investigation of thermomechanical couplings in Gum Metal-Yield Point analysis 
 

Stress and the specimen average temperature vs. strain for Gum Metal subjected to tension till 

rupture at various strain rates and within various strain ranges are presented in Figure 2. The 

maximal temperature is observed at higher strains (rupture) and at higher strain rates. 
 

  
a)                    b)                 c) 

Figure 2. Stress and the specimen average temperature vs. strain curves for Gum Metal subjected to 

tension at various strain rates within various strain ranges: a) till rupture, b) till strain 0.13, c) till 0.08.  

 

The temperature change of the specimen subjected to adiabatic elastic deformation is called a 

thermoelastic effect and was described by Lord Kelvin (Thomson, 1853) theory (1):  
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where α denotes the coefficient of the material linear thermal expansion, T – the specimen 

absolute initial temperature, Δσs – the isentropic change of stress, cp – the specific heat at con-

stant pressure, ρ – the material density. Thus, the discrepancy between the linear dependence 

of the change in temperature vs. stress ( strain for small values) or the value of maximal 

drop in the specimen temperature (for the simplicity) can be used for evaluating a limit of the 

reversible material deformation with a high accuracy (Pieczyska., 1999). Looking at the me-

chanical and thermal curves presented in Figure 2 one can see that a maximal drop in the 

Gum Metal temperature occurs at significantly lower strains values than the limit of the re-

versible deformation, macroscopically estimated. It means that such a large limit of the alloy 

reversible deformation stressed as the Gum Metal "super" property (Saito et. al., 2003, Furuta 

et al., 2013), originates from other deformation mechanisms. These results are different from 

those observed for other Ti alloys, steel and polymers and will be a subject of our research.  
 

4. Conclusions 

Thermomechanical couplings in the new multifunctional titanium alloy Gum Metal subjected 

to tension at various strain rates confirm its ultra-low elastic modulus and very high strength.   

The temperature distribution obtained with fast and sensitive infrared camera indicated the 

alloy Yield point. However, it was noticed that the maximal drop in the temperature obtained 

for Gum Metal occurs earlier than limit of its reversible deformation.  
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