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ABSTRACT 

In this work, the results from a series of experiments are presented to determine the effect of specimen 

geometry/dimensions on the compression behavior of AA6066Al  alloy. Three geometries of compression specimens have 

been used; solid, tapered and collar. For each geometry, the compression tests have been carried out under dry and 

lubricated conditions. The experiments have been conducted at various aspect ratios: Ho/Do; 1.5, 1.25, 1, 0.75, and 0.5. The 

results showed that the circumferential strain εθ of the cylindrical specimens increases as the axial strain εz increases. For 

collar specimens, the values of local strain εz are inversely proportional to the total axial strain, while for tapered 

specimens, the local circumferential strains εθ are very close to the total circumferential strain. 
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INTRODUCTION 

Aluminum alloys and composites have been the material of choice for aerospace, automotive, and military 

applications. Al-6xxx alloys have various benefits including medium strength, formability, weldability, corrosion 

resistance, and low cost [1]. Hence, mechanical characterization of the alloy and processing procedure are important for 

that approach. Compression behavior of Al-6xxx alloys has been the subject of many studies[2 and 3].Compression testing 

has become increasingly popular for several reasons; in particular (a) Uniform deformation can be achieved for large 

strains with proper lubrication. (b) The compressive state closely represents the conditions present in various forming 

processes such as forging, extrusion and rolling. Among the various types of hot compression tests, the constant strain rate 

test is preferred[4-6].There is a great interest in the compression process due to the industrial demands to produce light 

weight and high strength components. The large number of parameters involved in forming by compression makes the 

process more complex. These topics were studied previously in many researches with different viewpoints. The examined 

parameters include material properties, machine parameters, work piece geometry and working conditions [7-11]. 

However, several types of plastic instabilities can be developed in the compression tests. The first type is associated with a 

maximum in the true stress- true strain curve. The second type concerns inhomogeneous deformation and shear band. At 

certain strain rates and temperatures some strengthening mechanisms become unstable [12].The axial true strain εz and 

circumferential true strain εθ on barreled surface of the circular compression specimen that illustrated by the model shown 

in Figure 1 can be calculated by using the relations given in Eq.1 and 2. 
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Figure 1: Localized Strains on the Bulging Cylindrical 

Surface of a Compression Test Specimen 

For axial true strain, 

εz = ln (Hf/Ho)                                                                                                                      (1) 

For circumferential true strain, 

εθ = ln (Df/Do)                                                                                                                      (2) 

Where Ho and Hf are initial and final gauge heights, respectively; Do and Df are initial and final diameters, 

respectively. 

Stresses at the free surfaces of compressed specimens can be calculated by using Levy-Mises equations as 

follows[12]: 

dεr=dλ[σr - (σθ+ σz)/2]                                                      (3) 

dεθ=dλ[σθ - (σr+ σz)/2]                                                       (4) 

dεz=dλ[σz - (σ θ+ σr)/2]                                                       (5) 

The equivalent strain dε,and equivalent stress σ are obtained by: 

ߝ݀ = √ଶ
ଷ

௥ߝ݀)] − ௭ )ଶߝ݀ + ௭ߝ݀) − (ఏߝ݀ + ఏߝ݀)  −  ௥ )ଶ]ଵ/ଶ                                                                 (6)ߝ݀

ߪ =  ଵ
√ଶ

௥ߪ)] − ௭)ଶߪ + ௭ߪ) − ఏߪ )ଶ + ఏߪ) −  ௥)ଶ]ଵ/ଶ                                                     (7)ߪ

Where dεr, dεθ, and dεz are the strain components in r, θ, and z directions; σr, σθ, and σz are the stress componentsr, 

θ, and z directions; and dλ is proportionality constant that depend on material and strain level. 

Uniaxial compression testing is still the dominant means for characterizing the mechanical behavior of metals and 

alloys. Disparities in testing procedures and methodologies are clearly observed among the various efforts in the literature, 

often leading to differences in the collected data, even when investigating the same material.The ASTM E9-09and the 

ASTM E209-00 are the two major standards for testing materials in compression[13 and14]. Sometimes the standards 

neither agree on several testing aspects nor offer any reasoning to how the suggested testingparameters were selected, 

especially the dimensions and proportions of the test specimen. Whether it is due to their recent publication, the lack of 

generality, or their apparent disagreements; the standards has not had a great impact, and most efforts on characterizing the 

mechanical behaviors of materials are still scattered. Examples of recent efforts in the field show that the investigators 
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utilized test specimens with different dimensions[15-17]. It is probably tolerable to suppose that the size of a compression 

test specimen is not greatly influential to the obtained stresses and strains. Measured forces and displacements, from which 

the latter are derived, are correlated to the initial size of the specimens gauge section. This could be a major source of 

errors in the obtained stress-strain behavior [18 and19], hence indicating the need to optimize the proportions of the 

specimen geometry. Ivanisevic Ajose et al. [20] performed an experimental study on formability of brass by applying 

compression tests. The obtained experimental data was used in designing and forming the limit diagram. It has been 

reported that specimen geometry as well as loading mode affects strength characteristics in metals, alloys and composites 

[21-32].The effective volume proposed by Davies [33] has been applied to evaluate the effect of specimen geometry on 

strength in ceramics [34]. Lowhaphandu et al. [35and 36] examined mechanical properties of Zr–Ti–Ni–Cu–Be by using 

different dimensions of specimens and they found great differences. T. Klunsner et al. [37] studied the effect of specimen 

size on the strength of WC–Co hard metal. The results showed that the determined fracture strength values vary 

significantly with specimen size. D.J. Smith et al. [38] conducted a series of experiments to determine the effect of 

specimen dimensions on the ductile resistance of A508 Class3 forged steel at ambient temperature. The results showed a 

decrease in the slope of the tearing resistance with increasing specimen size. 

The present work attempts to shed light on the mechanical behavior of AA6066 Al alloy depending on specimen 

geometry under uniaxial compression loading conditions. Three types of specimens: solid, tapered, and collar were 

produced. The compression tests under dry and lubrication conditions were conducted at various aspect ratios (Ho/Do). 

Experimental Work 

Material 

The investigations were carried out on AA6066 Aluminum alloy, as-received material with the chemical 

composition stated in Table 1. 

Table 1: Chemical composition of the AA6066 Aluminum Alloy (wt.%) 

Component Si Mg Cu Mn Fe Cr Al 
Wt. % 0.9 0.8 0.7 0.6 0.5 0.4 Balance 

 
Specimen Preparation and Test Procedure 

Six upset sample geometries were designed and machined. The samples are identified as SU (short upset, no 

lubricant), SUL (short upset, lubricant), LU (long upset, no lubricant), LUL (long upset, lubricant), CU (collar upset, no 

lubricant), and CUL (collar upset, lubricant). The initial dimensions and drawings of the specimens are presented in table 2. 

The specimens of AA 6066 Alalloy with the required dimensions were prepared by machining process and cut by using a 

precision cut off machine running at low speed. The machined specimens were polished with fine sandpaper to remove any 

machining marks from the surface 

Table 2: Initial Dimensions of Specimens Used in Experiments 

Specimen Type Lubrication 
Conditions 

Original Dimensions, (mm) Aspect Ratio, 
Ho/ Do 

Drawing Height, Ho Diameter, Do 

Solid (Basic 
cylinder billet) Dry/Lubricated 

37.5 25 1.5 

 

31.25 25 1.25 
25 25 1 

18.75 25 0.75 
12.5 25 0.5 
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Tapered test billets Dry/Lubricated 

37.5 25 1.5 

 

31.25 25 1.25 
25 25 1 

18.75 25 0.75 
12.5 25 0.5 

Collar cylinder test 
billet Dry/Lubricated 

37.5 25 1.5 

 

31.25 25 1.25 
25 25 1 

18.75 25 0.75 

12.5 25 0.5 

 
In order to perform the compression tests under lubricated conditions, friction conditions were reduced by 

applying graphite based lubricant to the contact surfaces. For solid and tapered specimens, a portion of the surface was 

machined with circumferential grids. All compression tests were carried out by using servo hydraulic testing machine, 

model 4505 with a capacity of 200 ton. The tests weredone under displacement control at a constant rate of approximately 

0.5 mm/min. In each case, applied load and axial displacement were measured and recorded. 

RESULTS AND DISCUSSIONS 
Deformation Ratio 

The maximum deformation ratios (Hf/Ho)of AA6066Al alloy with various specimens geometries and aspect ratios 

are shown in Figures 2-4. It can be observed from Figure 2 (a) that Hf/Ho ratios for solid specimens are higher in case of 

lubricated specimens than for dry ones. The highest deformation ratio for non-lubricated solid specimens was 49% while 

for lubricated specimens it was 51%. Those values recorded at an aspect ratio Ho/Do of 1. The lowest deformation ratios 

was 31% and 42% for dry and lubricated specimens respectively, this occurred at an as pectratio Ho/Do of 1.25. Figure 2 (b) 

shows specimens after compression test and it is noticed the cracks on the lateral free surface of the specimens that 

imposed to non-lubricated conditions rather than the lubricated specimen. 

    
(a)                                                                                 (b) 

Figure 2: (A) Deformation Ratio of Solid Specimens at Various 
Aspect Ratios Ho/Do(B) Solid Specimens after Compression Test 

Figure 3 (a) shows the deformationratio (Hf/Ho) of tapered specimens. The greatest Hf/Ho ratio for lubricated 

specimens was 67% at Ho/Do=1, while for non-lubricated condition the greatest Hf/Ho ratiowas 52% corresponding to 

Ho/Do of 0.5. The compressed specimens with clear cracks for both dry and lubricated conditions are shown in Figure 3 (b). 
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The compression ratio (Hf/Ho) of tapered specimens at various ratios of Ho/Do is illustrated in Figure 4 (a). It can be seen 

that the greatest Hf/Ho ratio for lubricated specimens was 72% that corresponding to Ho/Do of 0.75. For non-lubricated 

specimens the maximum Hf/Ho was 74% corresponding to Ho/Do of 1.5. 

    
(a)                                                                                 (b) 

Figure 3: (A) Deformation Ratio of Tapered Specimens at Various aspect 
          Ratios Ho/Do (B) Tapered Specimens after Compression Test 

    
(a)                                                                                 (b) 

Figure 4: (a) Deformation Ratio of Collar Specimens at Various aspect  
Ratios Ho/Do (b) Collar Specimens after Compression Test 

True Stress–Strain Behavior for Solid Non-Lubricated Specimens 

The true stress–strain curves of the AA6066 Al alloy for solid non- lubricated specimens suffered the compression 

deformation are shown in Figure 5. Obviously, the effects of aspect ratio on the true stress- true strain are significant for all 

the tested conditions. As can be seen from the results, there is a systematic trend toward the increase in true stress with 

increasing true strain for all aspect ratios[39]. The true stress–strain curves exhibit a maximum stress values at an aspect 

ratio Ho/Do of 0.75, while minimum stresses were observed at Ho/Do ratio of 1.25. 

True Stress–Strain Behavior for Solid Lubricated Specimens 

The effect of aspect ratio Ho/Do on the true stress- strain of AA6066 Al alloy for solid lubricated specimens is 

shown in Figure 5. It can be observed that, the true stress–true strain curves exhibit a maximum stress values at an aspect 

ratio of 1, while minimum stresses occurred at a ratio of 1.25. 
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Figure 5: True Stress–Strain for Solid Non-Lubricated Condition 

 
Figure 6: True Stress–Strain for Solid Lubricated Specimens 

True Stress–Strain Behavior for Tapered Non-Lubricated Specimens 

Figure 7 shows the effects of aspect ratio Ho/Do on the true stress- strain of AA6066 Al alloy for tapered non- 

lubricated conditions. It is shown that, at low strains (0 - 0.2) the true stress curves exhibit a maximum stress when 

Ho/Dowas1.5, while at higher strains (0.25 - 0.4) the maximum stress occurred when the value of Ho/Do was 0.75. For the 

all values of strain, the lowest stresses occurred at Ho/Do ratio of 0.5. 

True Stress–Strain Behavior for Tapered Lubricated Specimens 

The effect of aspect ratio Ho/Do on the true stress- strain of AA6066 Al alloy for tapered lubricated specimens is 

illustrated in Figure 8. The graph shows maximum stresses at Ho/Do of 1.5, while minimum stress occurred at a ratio of 0.5. 
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Figure 7: True Stress–Strain for Tapered Non- Lubricated Specimens 

 
Figure 8: True Stress–Strain for Tapered Lubricated Specimens 

True Stress–Strain Behavior for Collar Non-Lubricated Specimens 

Figure 9 shows the effect of aspect ratio Ho/Doon the true stress- strain of AA6066 Al alloy for collar                

non- lubricated specimens. It is shown that, the true stress–true strain curves have maximum stresses at Ho/Do of 0.75, 

while minimum stress occurred at a ratio of 0.5. 

True Stress–Strain Behavior for Collar Lubricated Specimens 

Figure 10 shows the effect of aspect ratio Ho/Do on the true stress- true strain of AA6066 Al alloy for collar 

lubricated specimens. It is shown that, the true stress–strain curves have maximum stresses at a Ho/Do of 0.75, while 

minimum stress occurred at a ratio of 0.5. 
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Figure 9: True Stress–Strain for Collar Non-Lubricated Specimens 

 
Figure 10: True Stress–Strain for Collar Lubricated Specimens 

The interpretation of true stress-strain behavior after the compression tests can be stated as follows: in case of 

tapered and collar compression test specimens the interior deformation of the cylinder expands the central region, 

accentuating the circumferential tension. Because the free surface at midheight is not directly in contact with the platen 

surface along straight line, compression of this section is less than in cylindrical compression [40]. At the free surfaces of 

compressed cylinders, the strain consists of circumferential tension and axial compression. 

CONCLUSIONS 

The effect of specimen geometry/dimensions on deformation ratio and behavior of true stress-strain forAA6066 

Al alloy have been investigated. For all tested geometries, the true stress increases with increasing the aspect ratio Ho/Do of 

the specimen. Regarding the cylindrical solid specimens, the value of circumferential strain εθ increases as the axial strain 

εz increases. The values of local strains are proportional to the total strains. For collar specimens, the values of local strain 

εz are inversely proportional to the total axial strain, while for tapered specimens, the local circumferential strains εθ are 

very close to the total circumferential strain 
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