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ABSTRACT

With rapid industrialization in the last century, a significant number of
plants and structures in the present day industries have already served or are
nearing - their designed lifetime. The cost of replacing them with a new
infrastructure would require prohibitively large sums of capital investment.
However if by suitable assessment, their life could be extended without
sacrificing safety and without additional huge capital investments, it will be of
great importance. Determination of mechanical properties of operating
components is a key eiement in defining the strategies for maintenance and
repair for extending component life. The assessment of the present health
and an estimate of the remaining life have to be done without disturbing the
structural integrity and functional capabilities of the plant components. In
most cases, components integrity is hardly evaluated with traditional and
standard mechanical testing methods because the amount of materials
required for standard size test specimens cannot be taken without destroying
the components. The miniature specimen test technology provides a way of
obtaining mechanical properties of the components present in aged structures
while consuming a very small amount of matenal as compared to that

required fo'r standard size test specimens.
In the present work, a simple miniature specimen test setup is
designed and used for the prediction of material properties with the help of a

newly designed and prepared miniature dumb-bell shaped specimen. A
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special type of miniature specimen holder is designed to hold the miniature
test specimen. It can accommodate different thicknesses of specimens. The
loading in miniature testing is of tensile nature. The miniature specimen
experiences tensile load through the Ioading.pin which holds the specimen in
a specimen holder. The extension of the specimen upon tensile load is
measured by an-extensometer. This complete setup can conveniently be used

in any universal testing machine.

Experimental study of miniature tension test on dumb-bell shaped
miniature specimen is carried out using the setup described above. The
experimental study also covers the details of (i) selection of test materials (ii)
design and fabriéation of the miniature specimen (iii) testing machine (iv)
procedure for carrying out the miniature specimen test and (v) data
acquisition. The designed miniature dumb-bell shaped specimen is of 0.50
mm in thickness. All the tests are conducted on Zwick universal testing
machine at room temperature. The output from the miniature test in the form
of load — elongation diagram is recorded. A new empirical correlation for the
estimation of yield strength has been proposed from the present work
Experimental determination of uniaxial tensile properties as well as fracture
toughness values for all the selected materials using the ASTM standards are
also reported. These standard tests are used as a “bench mark” or a
“reference test”.

The finite element simulation of miniature teét is conducted to obtain
the mechanical behaviour of materials. The miniature specimen geometry

along with the loading pins are modeled using the commercially available
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finite element based software “ABAQUS”. The simulation is carried out using
implicit code. The study also contains the detailed description of steps
involved in modeling and analysis of the results. The miniature specimen is
modeled in two dimensional space as a deformable body and the loading pins
are modeled "as rigid bodies. The miniature specimen is modeled using
quadrilateral plane stress elements. Simulation of miniature test is carried out
in such a way that it represents the experimental situation as closely as
possible by prescribing the appropriate boundary conditions. The load —
elongation diagrams from finite element simulation for different materials are
obtained and compared with the experimental results. A wide spectrum of
information can be collected from the finite element simulation of miniature
specimen test. This includes the deformation behaviour of miniature
specimen, load — elongation curve, von-Mises stress contour, equivalent

plastic strain etc.

An inverse finite element study has been conducted using the
experimental output from the miniature test on the designed miniature
speéimen. The developed inverse finite element procedure helps in finding the
constitutive behaviour of the unknown material in combination with miniature
specimen test. The initial slope of the experimental load — elongation curve
from the miniature test is used to predict the Ybung’s modulus of the material.
The entire load — elongation curve is discretized into a number of linear parts.
The details of finding the true stress — true plastic strain behaviour of the
material using inverse finite element procedure and the load — elongation

curve are presented. The results from the inverse finite element procedure are
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compared with the results obtained from uniaxial tensile test. This inverse
finite element procedure is applied to all the selected materials. The empirical
correlations for the prediction of fracture strain and fracture toughness are
also included. The proposed empirical correlation for the determination of
fracture toughness is compared with the existing empirical correlations from

the literature as-well as the standard fracture toughness test results.

Presently the Artificial Neural Network (ANN) technique is being
applied to an increasing number of real-world problems of considerable
complexity. It offers reliable solutions to a variety of ‘problems (viz. prediction
and modeling), where the physical processes are not understood or are highly
complex. A comparison is made between several training algorithms in an
attempt to find an ideal artificial neural network-training algorithm to predict
the material properties from the miniature test. This model uses a feed
forward back prorogation neural network. After using the experimental results
to train and test the network, the model is applied to new data for prediction of
material properties. The values of fracture toughness obtained by ANN

technique are compared against the standard values and the results are

found to be promising.
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