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ABSTRACT

Materials having high strength/weight as well as stiffness/weight ratio are
preferably used as conventional materials in the aerospace and automotive industry with
the aim of reducing the weight of structures. Among nonferrous metals aluminum alloys
are lightweight metallic materials having high strength to weight ratio and are hence used
for crashworthy applications. The structure made from aluminium alloys may be
subjected to different loading conditions such as tensile, compressive, and flexural during
service. The stress-strain behavior of materials at high strain rates under dynamic loading
is significantly different from that observed under quasi-static conditions. It is seen that
some materials exhibit positive strain rate sensitivity, whereas some materials show
negative strain rate sensitivity and some poor strain rate sensitivity.

The aim of the present study is to investigate the material behavior of AA7075-
T651 and AA6063-T6 at quasi-static and dynamic conditions. The aluminium alloy
AA7075-T651 was characterized to study the plastic flow and failure of the material.
Tensile tests were carried out on AA7075-T651 and AA6063-T6 at different strain rates,
stress triaxialitiy, and temperatures. Quasi-static tests at low strain rate were performed
on a standard universal testing machine (UTM), while a split Hopkinson pressure bar
(SHPB) was used to conduct high strain rate tests. The quasi-static tests at different
temperatures and at reference strain rate (107/s) were also conducted on a special UTM
having a heating system. From the above experiments, a force-displacement curve was
obtained, and it was converted to a true stress-strain curve.

The results obtained from the above experiments were used to calibrate the
material parameters of the Johnson-Cook (J-C) model, which relates flow stress with

effective plastic strain, strain rate, and temperature of the material. Johnson-Cook failure



model, which relates the failure strain with stress triaxiality, strain rate, and temperatures
of material, was also calibrated.

The three-point bend tests at different strain rates were conducted on AA7075-
T651 and AA6063-T6 to obtain fracture initiation toughness at different strain rates.
Three-point bend specimens used in the experiments were machined according to the
ASTM-E399 standard. The experimental setup used in this study was a modified
Hopkinson pressure bar (MHPB) conjugation with digital image correlation (DIC). It
was observed that the dynamic fracture toughness increased with loading rates. Stress
intensity factor (SIF) was evaluated using an established load point displacement (LPD)
technique and crack mouth opening displacement (CMOD) method, whereas the time of
initiation of fracture was obtained using a stereo-configuration of high-speed cameras.
The fractography was also performed on the fractured surfaces of the specimen. Trans
granular facets, small and large dimples were seen on micrographs, which illustrated the
reasons for the increase in fracture toughness with loading rates. In addition to
observation of fractography, three-dimensional, and two-dimensional surface profiles
were drawn, which showed the relation of undulation with fracture toughness.

In this study, quasi-static and dynamic three-point bend experiments were also
performed to investigate the effect of high loading rates on the crack mouth opening
displacement (CMOD) and fracture behavior of the Aluminum 6063-T6 alloy. A 3D
Digital Image Correlation (DIC) was utilized for measuring the CMOD experiments.
Quasi-static three-point bend experiments were performed using UTM and a high-
resolution stereo camera system for low loading rates. For the dynamic three-point bend
experiment, a Modified Hopkinson pressure bar setup, two high-speed digital cameras,

and a dedicated data acquisition system were utilized in measuring load point data and



the full field displacement profile. It was found that the dynamic fracture toughness
values were significantly higher as compared to static fracture toughness.

Further, the finite element simulation was carried out for three-point bend tests,
which were conducted at different loading rates using a three-dimensional solid model.
The plastic and failure properties for numerical simulation were substituted from
Johnson-Cook constitutive and failure models obtained from experimental results. The
results obtained using simulation were found to be in fine agreement with experimental

results for AA7075-T651.
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