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Abstract: The validity of material properties obtained from uniaxial tension tests using different 

specimen types and measurement techniques is investigated in this paper. Four different specimen 

geometries were tested, including round axisymmetric and rectangular flat samples of different 

sizes. This gave a significant variation in both size and shape of the specimens. The specimens were 

strained in tension to fracture, and different measurement techniques were applied to measure the 

deformation of the specimens during loading. This involved an extensometer, a laser micrometre, 

digital image correlation (DIC) and edge tracing. Cauchy (true) stress versus logarithmic strain 

curves were obtained from the experimental data, and little spread was seen between the different 

test series. The data were further used to calibrate a work-hardening relation for the material, and 

it was found that the fitted curves differed mainly for strains beyond diffuse necking.  
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1. Introduction 

The uniaxial tension test is by far the most used material test for providing information about 

the mechanical properties of metallic materials required for finite element simulations [1]. But, the 

tension test specimen comes in many different shapes and sizes depending on the problem and 

material at hand, and there exists a variety of measuring and calibration techniques. During testing, 

the specimen is subjected to a linearly increasing displacement while simultaneously recording the 

applied force and the elongation of the gauge area. Based on these measurements the engineering 

stress-strain curve until necking can be constructed, and this forms the basis for a direct calibration 

of the material parameters. However, during the last decade advances in both computer technology 

and digital cameras have made various optical field-measuring techniques increasingly popular for 

identification of material properties. One such method is digital image correlation (DIC), which is a 

full-field image analysis technique based on grey value digital images (see e.g. [2]). DIC can be used 

to determine the contour and displacement field of an object under loading in both two and three 

dimensions. If DIC is combined with the finite element method (FEM), a powerful tool in obtaining 

optimized material properties based on rather simple material tests becomes available [3]. 

In this study, the main objective is to examine the validity of the material properties obtained 

using different measurement techniques and specimen types. Multiple tension tests were performed 

on the aluminium alloy AA6061, which was cast and homogenized before heat-treated to temper T6. 

Four different geometries of the tension test specimen were chosen, providing a significant variation 

in both shape and size. The selected specimen geometries made it possible to compare round with 
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flat, and small with large, samples. The measurement techniques used included a laser micrometre, 

2D-DIC, edge tracing available in the DIC software and extensometers, depending on the specimen 

geometry. 

From these measurements, Cauchy (true) stress versus logarithmic strain curves were obtained 

(also after necking), providing a basis for a direct calibration of the work-hardening parameters. The 

obtained material parameters found from the different specimen types and measurement techniques 

were finally validated against each other. The main conclusion from the study is that no significant 

influence of specimen type or measuring technique was observed on the true stress versus 

logarithmic strain curves before necking. However, acquiring experimental data also after necking is 

important in order to have a good representation of the material response until fracture.  

2. Experimental study 

The geometry of the four different tension test specimens chosen for this study is shown in 

Figure 1. For both the round and the flat specimens, one large and one small specimen type were 

used. Note that the UT35 specimen has the same geometry as the one used for dynamic tension tests 

in the Split-Hopkinson tension bar (SHTB) [4]. The specimens were machined from a billet of the 

aluminium alloy AA6061 that had been cast and homogenized before being heat-treated to temper 

T6. The tensile axis of the specimens coincided with the length direction of the billet, and the material 

is assumed isotropic in the cast and homogenized condition.  

 

 
(a) Specimen UT35 

 

 

(b) Specimen UT90 

 

 
(c) Specimen UT60 

 

 

(d) Specimen UT200 

Figure 1. Specimen geometries. 

 

All tests were performed using an Instron 5982 L2935 universal testing machine with a 30 kN 

load cell. Table 1 shows the test program for this study. In all of the nine test series, three repeat tests 

were conducted. The crosshead velocity was varied in order to achieve an initial strain rate 𝜀̇ of 

approximately 5 × 10−4s−1  in all the specimens, corresponding to quasi-static conditions. Four 

different measurement techniques were chosen in this study, and a brief introduction is given below. 

Table 1. Test series conducted in this study. 

 

The extensometer is one of the traditional measuring techniques, and has been widely used in 

mechanical testing [1]. The particular extensometer used in these tests is a contact type that is clipped 
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onto the specimen. It provides the elongation between two points in the gauge area. The data 

obtained with the extensometer are only valid until diffuse necking of the specimen as the 

deformation is not uniform after this point. 

The introduction of laser micrometres made non-contact measurements available. The laser 

micrometre provides continuous measurements of the current diameter of the specimen all the way 

to fracture. In this study, an AEROEL XLS 13XY laser micrometre with 1 µm resolution was used [5]. 

Here, two perpendicular laser beams, each measuring 13×0.1 mm2, are projected towards a detector 

on the opposite side of the specimen. To ensure that the smallest diameter was measured at all times 

the laser was mounted on a mobile frame that was free to move vertically. 

Advances in both computer technology and digital cameras over the last decades have been an 

important factor for the emergence of various optical field-measuring techniques. One of them is DIC, 

a non-contact optical measuring technique that employs tracking and imaging for determining the 

surface deformation of a specimen [2]. In this study, an in-house 2D-DIC code implemented in the 

software eCorr [6] was used for measuring the surface displacement of the flat specimens. By defining 

a vector on the specimen surface, the program provides its elongation in a similar way as by using 

the extensometer. 

Another feature implemented in eCorr is the edge tracing technique [7]. Here, the gradient in 

grey scale value of the specimen towards the background is used to define the edge of the specimen, 

which obviously requires good contrast to achieve accurate results. This technique serves as an 

optical alternative to the laser micrometre, and provides the user with the same measurements. 

However, it has the advantage that the whole gauge area is registered during deformation. 

3. Experimental Results 

Measurements of the force 𝐹 and diameters in two perpendicular directions, denoted 𝐷1 and 

𝐷2, were provided from the round samples using either a laser micrometre or edge tracing. As these 

test specimens were axisymmetric, the initial and current cross-section area were calculated from 

𝐴0 =
𝜋

4
𝐷0

2 and 𝐴 =
𝜋

4
𝐷1𝐷2, respectively, where 𝐷0 is the initial diameter of the specimen. The true 

stress 𝜎 and the logarithmic strain 𝜀 were further calculated as 

 
𝜎 =

𝐹

𝐴
,      𝜀 = ln (

𝐴0

𝐴
) (1) 

It should be noted that the true stress and logarithmic strain are average values over the minimum 

cross section of the specimen after diffuse necking, and that plastic incompressibility and small elastic 

strains were assumed in order to obtain the logarithmic strains. 

For the tests instrumented by either extensometer or DIC, the elongation 𝑢 between two points 

in the gauge area was provided, along with the force measurements. The engineering stress s and the 

engineering strain e were calculated using 

 
𝑠 =

𝐹

𝐴0

,     𝑒 =
𝑢

𝐿0

 (2) 

where 𝐿0 is the initial gauge length. The initial area was calculated by 𝐴0 = 𝑤0𝑡0 for the rectangular 

specimens. Here, 𝑤0  is the initial width and 𝑡0 is the initial thickness of the cross-section. These 

values were further used to find the true stress and the logarithmic strain through the relations 

 𝜎 = 𝑠(𝑒 + 1),     𝜀 = ln(𝑒 + 1) (3) 

Figure 2 compares the true stress versus logarithmic strain curves for each specimen type 

separately. This makes it possible to compare the measurement techniques used for each specimen 

type. Little deviation is seen between the repeat tests and the measurement techniques applied for 

each specimen type. For the UT90 specimen, the tests instrumented with the laser micrometre deviate 

slightly from the other tests. The specimens used for these tests were machined from another billet of 

the same batch, and this is believed to be the main cause of the deviation seen. 
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(a) Specimen UT35 

 
(b) Specimen UT90 

 
(c) Specimen UT60 

 
(d) Specimen UT200 

Figure 2. True stress versus logarithmic strain curves. 

A representative test from each test series is presented in Figure 3 and it is observed that the 

different specimen types provide more or less the same curve. Some deviations are seen in both strain 

to necking and strain to failure, but these are minor. Note also that it was difficult to measure strains 

in the elastic region using edge tracing, and considerable oscillations were observed. 

 

 
(a) 

 
(b) 

Figure 3. Comparison of true stress versus logarithmic strain curves for all specimen types and 

measurement techniques. In (a) all curves are only plotted to diffuse necking, while in (b) they are 

plotted to either necking or fracture, depending on the data available directly from the test. 
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4. Calibration of Work-hardening Relation 

To parameterise the work-hardening curve, a three-term Voce rule was used, given by 

 
𝜎𝑒𝑞 = 𝜎0 + ∑ 𝑄𝑖 (1 − exp(−𝐶𝑖𝜀𝑒𝑞))

3

𝑖=1

 (4) 

Here, 𝜎𝑒𝑞  is the equivalent stress, 𝜀𝑒𝑞  is the equivalent plastic strain, and 𝜎0, 𝑄𝑖 , 𝐶𝑖  are model 

constants to be fitted. The calibration of the model constants was performed using the experimental 

true stress versus logarithmic strain curves shown in Figure 3. To calibrate the constants the 

equivalent stress and plastic strain had to be obtained. Note that the equivalent plastic strain equals 

the logarithmic plastic strain in uniaxial tension, i.e., 𝜀𝑒𝑞 = 𝜀𝑝 , where 𝜀𝑝 = 𝜀 − 𝜎/𝐸  and 𝐸 is the 

elastic modulus taken as 70 GPa for aluminium. Further, the equivalent stress is equal to the true 

stress, i.e., 𝜎𝑒𝑞 = 𝜎, before necking. However, as the neck introduces a complex, triaxial stress state 

in the material, which increases the stress level, the stress had to be corrected. This was performed 

for the round (axisymmetric) specimens using the correction proposed by Bridgman [1] 

 𝜎𝑒𝑞 =
𝜎

(1 + (2𝑅 𝑎⁄ ))[ln(1 + (𝑎 2𝑅⁄ ))]
 (5) 

where 𝑅 is the notch radius and 𝑎 the specimen radius at the neck. This was combined with the 

empirical expression for the ratio 𝑎 𝑅⁄  proposed by Le Roy et al. [8] 

 𝑎 𝑅⁄ = 1.1(𝜀𝑝 − 𝜀𝑢
𝑝

)   for  𝜀𝑝 > 𝜀𝑢
𝑝 (6) 

where 𝜀𝑢
𝑝 is the logarithmic plastic strain at diffuse necking. This correction of the experimental true 

stress after necking provides the equivalent stress 𝜎𝑒𝑞 , and combined with the equivalent plastic 

strain 𝜀𝑒𝑞 the work-hardening constants can be fitted. Figure 4 shows the obtained work-hardening 

curves for all the different test series. For the specimens measured with either laser micrometre or 

edge trace, the constants were fitted to the experimental curve all the way to failure. As the data from 

the extensometer and DIC (using a defined vector to measure the elongation) were only valid until 

diffuse necking, the constants were fitted to this point and the resulting work-hardening curves 

extrapolated to larger strains. Note that it is possible to extract material data from the DIC 

measurements also after diffuse necking, but that would require a combined experimental-numerical 

approach, which was outside the scope of the present experimental study. The obtained work-

hardening parameters for the various test series are listed in Table 2. 

 

 

Figure 4. Work-hardening curves 

for all 9 test series. 

Table 2. Work-hardening parameters.* 

* Note: “ET” means edge trace and “Ext” means extensometer. 

Concluding Remarks 

In this study, the main objective has been to examine the validity of the material properties 

obtained using different measuring techniques and specimen types. Four different geometries of a 

tension test specimen have been applied in uniaxial tension tests and different measuring techniques 
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including a laser micrometre, 2D-DIC, edge tracing and an extensometer, depending on the specimen 

geometry, have been used to obtain the data. 

From these measurements, Cauchy stress versus logarithmic strain curves were obtained (also 

after necking), providing a basis for a direct calibration of the work-hardening parameters. Even 

though some variations were noticed, no significant influence of specimen type or measuring 

technique was observed on the true stress versus logarithmic strain curves. However, the fitted work- 

hardening curve is clearly dependent on whether the constants were determined from experimental 

data all the way to failure, or only up to diffuse necking and further extrapolated to large strains. It 

should be noted that inverse modelling has not been conducted in this study. This would probably 

yield better result for the calibrated curves, but this has been left out for further work.  

A natural continuation of the presented work would be to validate and compare the work-

hardening parameters obtained through the various fitting procedures in finite element simulations 

of typical component tests. It is believed that the sensitivity of the numerical results to the chosen test 

and fitting procedure will be less for energy absorbing components, such as e.g. crushing of crash 

boxes [9], than in problems where fracture is prominent. Further studies, outside the scope of the 

present work, are required to confirm this.  
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