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Figure 6: Loading Fixtures (test plates not included)
3.4 Digital Image Correlation (DIC) Technique
The digital image correlation technique is one of the most recent non-contact
techniques for analyzing full-field shape and deformation [17]. The main process

involves the capture and storage of high speed images in digital form and subsequent

post-processing of these images using the commercially available software to get the

full-field shape and deformation measurements. The full-field shape and deformation

measurement is obtained by mapping of predefined points on the specimen. Two
cameras are required for capturing the three dimensional response of the panels and
they must be calibrated and have synchronized image recording throughout the event.
The calibration of the cameras is performed by placing a predefined grid of pattern in
the test space where the aluminum specimens is located during the experiment. This
grid is then translated and rotated both in and out of plane while recording the images.
As this grid pattern has predetermined distances between the speckles, the coordinates
of the center of each dot is extracted from each image. The coordinate locations of
each dot extracted uniquely for each camera allows for a correspondence of the
coordinate system of each camera. The DIC is then performed on the image pairs that

are recorded during the shock event. Prior to testing, the back face of the sample is
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region. The fig. also shows that the area of this circular deformation is the same as the

area of the shock tube muzzle.

Figure 13: DIC analysis showing the deformed area during shock impingement at t =
50 ps

The full field deflection on the back face is shown in fig. 14. At 200 ps, there
is a localized circular deflection contour in panel A which has roughly the same
diameter as that of the muzzle. At this point the boundary conditions do not affect the
deflection contours developing in the panel. Panels B and C had elliptical deflection
contour at 200 ps. Since both these panels are curved, the shock wave impinges on the
projected area and creates localized elliptical deflections as observed from the full-
field deflection contours in fig. 14. These elliptical deflection contours are partially
caused by the additional dissipation of the pressure pulse caused by the increased
distance from the shock tube.

Around 400 ps, the circular deflection contour in panel A changes to square
contour because of the boundary conditions. Simultaneously, the full field deflection
overpasses the localized deflection in panel A. In case of panel B, the boundary
conditions start affecting the deflection contours at around 600 ps when the elliptical

contour changes to square shaped contour as seen in fig. 14.
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region. Panel A had perpendicular yield line formations (hinge formation) which
extended from the panel corners towards the center of the panel as shown in fig. 19(a).
A similar kind of hinge formation was observed in the panel B. These yield lines
extended from the top corner to the bottom on both the edges as shown in fig. 19(b).
Panel C had no yield line formation. It had an elliptically shaped plastically deformed
region in the center (fig. 19(c)).

(a) (b) (c)

Plastic hinges Yield Iinxformation Plastically deformed area

A A
1 y

Figure 19: Post-mortem evaluation ot (a) rlat ranel (b) 304.8 mm radius of curvature
and (¢) 111.76 mm radius of curvature

5.3 Finite Element Simulation Results

The DYSMAS simulation of the shock tube event allows for a visual
observation of how the shock front interacts with and correspondingly loads the
aluminum plate. In the actual experiment the pressure transducers only provide a
point wise time history at the inner wall. The interaction from the simulation of the
shock front and plate for the three plate geometries tested is shown in fig. 20. In this
figure time zero is taken as the arrival of the shock front at the plate. From this figure
it can be observed that although the inner radius of the tube is 38.1 mm the shock
wave actually interacts with the plate over a larger area. This is due to the plate
deformation and partial venting of the gas into the atmosphere. When the plate

deforms, it allows an air gap to form between the plate and the face of the muzzle
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Figure 1: Geometries of specimens.

Table 1: Material Properties

Elastic Modulus

E, = 147 GPa, E, = 11 GPa, E,,

=5 Gpa
Tensile strength in fiber direction 2004 MPa
Compressive strength in fiber direction 1197 MPa
Tensile strength in transverse direction 53 MPa
Compressive strength in transverse direction | 200 MPa
Shear strength 137 MPa
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Figure 5: Loading fixtures

3.3 Digital Image Correlation (DIC) Technique

The digital image correlation technique is a recent non-contact optical method
for analyzing full-field shape and deformation [24]. It involves the capture and storage
of high speed images in digital form and subsequent post-processing of these images
using the commercially available software to get the full-field shape and deformation
measurements. The post-processing software obtains the full-field shape and
deformation measurement by mapping the predefined points on the specimen.

Capturing the three dimensional response of the panels requires two cameras which
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1. Abstract

Experimental studies were conducted to understand the effect of varying plate
thickness on the blast response of doubly curved E-glass/vinyl Ester panels. A shock
tube apparatus was utilized to impart controlled shock loading on glass fiber panels
having three different thickness: 1.37 mm (panel A), 2.54 mm (panel B), and 4.40 mm
(panel C). These panels with an 18.28 mm radius of curvature were held under
clamped boundary conditions during the shock loading. A 3D Digital Image
Correlation (DIC) technique coupled with high speed photography was used to obtain
out-of-plane deflection and velocity, as well as in-plane strain on the back face of the
panels. There were two types of failure mechanism observed in all the three panels:
fiber breakage and inter-layer delamination. Macroscopic postmortem analysis and
DIC results showed that panel C can mitigate higher intensity (pressure) shock waves
without initiation of catastrophic damage in the panel. Panel A couid sustain the least
shock wave intensity and exhibited catastrophic failure.
Keywords
Glass fiber, Composite panels, 3D-digital image correlation, Shock tube, Curvature,
Thickness, Blast mitigation.
2. Introduction

A controlled experimental study has been conducted to understand the effect of
varying plate thickness on the blast response of glass fiber composite panels.
Accidental explosions or bomb blasts cause extreme loading on structures, which have
both flat and curved geometries with varying thicknesses (as in the USS Cole bombing

and also the Oklahoma city bombing). Therefore curvature is an impcrtant parameter
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and its effect on the blast response needs to be studied closely. At the same time, the
thicknesses of the composite panels play an important role. The increase in thickness
will improve the blast performance of the panel, but at the same time it will also
increase the overall weight of the structure. Thus a balance between the mitigation
property and overall weight of the structure is needed which will help in
manufacturing new light weight structures with better blast resistant property. E-Glass
fiber composite panels having three different thicknesses were subjected to shock
loading using a shock tube in order to study their dynamic response. Real-time and
post-mortem analysis was conducted on the panels to evaluate the effects of thickness
on blast mitigation. In particular, the midpoint transient deflection, velocity, and
macroscopic post-mortem analysis of the panels has been used to characterize the
response of curved panels when subjected to a controlled blast loading.

There are two methods of imparting shock loading on structures: one is by
using explosives and the other is by using shock tubes. The use of real explosives is
dangerous and has added complications such as creation of spherical wave fronts and
pressure signatures which are spatially complex and difficult to measure. On the
contrary, shock tubes offer the advantage of planar wave fronts and wave parameters
that can be easily controlled. Above all, these parameters are easy to replicate when
using a shock tube as compared to using real explosives and therefore a shock tube
was the preferred choice of applying blast loading in our experiments.

There is a large volume of literature dcaling with the blast loading of structures
{1-11]. For brevity of space, only a few studies are mentioned here. Franz et a/. [12]

analyzed the air pressure blast loading response of glassfiber chopped-strand mat
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laminates. They found matrix cracking, delamination/debonding, and penetration as
final damage in the experiments conducted on monolithic and layered laminates with
varying areal density. Khalili et al. [13] studied the response of composite laminates
and shell structures subjected to low-velocity impacts numerically. They studied the
effect of element type, solution method, impactor modeling method, meshing pattern
and contact modeling on the accurate numerical modeling in ABAQUS. Ochola ef al.
[14] concentrated on strain rate sensitivity of both carbon fiber reinforced polymer and
glass fiber reinforced polymer by testing a single laminate configuration with strain
rate varying from 107 and 450 s'. Results showed that the dynamic material strength
for GFRP increases with increasing strain rate and the strain to failure for both CFRP
and GFRP decreased with increasing strain rate. Chi ef al. [15] investigated the
behavior of circular sandwich panels with aluminum honeycomb care when subjected
to air blast loading. They found that the panels exhibited permanent face plate
deflection and tearing, and the honeycomb core exhibited crushing and densification.
Increasing plate thickness was also found to decrease the back face deflection but at
the same time increased the overall mass. LeBlanc and Shukla [16] studied the
ur.derwater shock loading response of E-glass/Vinyl ester curved composite panels.
They used the 3D-DIC system for measuring the transient response during the
experiments. They also compared the experimental results to simulation results
obtaired from the commercially available Ls-Dyna finite element code, which showed
a high level of corrclation using the Russell error measure. Pankow ef al. [17]
analyzed the effect of 3D weaving in composites to two different intensities of shock

loading using the DIC technique. They found an optimal Z-fiber architecture (6%) out
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of the three different architectures, which was responsible for largest pancl stiffness
and least amount of damage. They also observed matrix micro-cracking at the center
of the panel which caused the failure initiation in thé panels. Shen e/ al. [18]
experimentally investigated the response of sandwich panels with aluminum face
sheets and aluminum foam core. Panels with varying curvatures (two different
curvatures), and different core/face sheet configurations were tested at three different
blast intensities. They found that the initial curvature of the sandwich panel changes
the deformation mode and improve the performance of the structure when compared
to equivalent flat plate. Zhu et al. [19] studied the effect of foil thickness, cell size,
mass of charge, relative density of the core, and the face sheet thickness and
concluded that there is a compromise between strength and weight. They found that on
increasing the thickness the mass of the panel increased but at the same time decreased
the back face deflection. Hause and Librescu [20] developed a closed-torm solution
for comparison with numerical based solutions based on the extended Galerkin
method for designing doubly-curved sandwich panels operating under dynamic
loading.

The literature review shows lack in understanding the effect of plate thickness
on blast response of composite panels. There are scme studies on understanding the
effect of thickness con blast response, but they concentrate on metallic face sheet
panels. At the same time, these studies concentrated on using tlat metallic face sheet
and not curved panels. The present study aims to understand the cffect of thickness in

curved composite panels. The results from this study show that the plate thickness
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Table 1: E-glass/vinyl ester biaxial laminate - Material Properties

Tensile modulus (0°) 15.8¢3 MPa
Tensile modulus (90°) 15.8e3 MPa
Tensile strength (0°) 324 MPa
Tensile strength (90°) 324 MPa

Table 2: Vinyl ester resin - Material Properties

Tensile modulus 3.44e3 MPa

Tensile strength 72.4 MPa

3.2 Shock loading apparatus and loading conditions

The shock tube apparatus used in this study to obtain the controlled dynamic
loading is shown in fig. 2. A complete description of the shock tube and its calibration
can be found in [22]. The shock tube consists of a long rigid cylinder, divided into a
high-pressure driver section and a low pressure driven section, which are separated by
a diaphragm. Helium gas is used to pressurize the high-pressure section which creates
a pressure difference across the diaphragm. As this pressure differential reaches a
critical value, the diaphragm ruptures. This causes a subsequent rapid release of gas
which creates a shock wave traveling down the shock tube to impart shock loading on

the specimen at the muzzle end.
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shows that panel C has better blast mitigation property as compared to the
other two panels. As the radii of curvature becomes sharper the plastic
deformation decreases. Also the flexural deformation decreases as the radius of
curvature decreases. There is a limit to which the radius of curvature can be
decreased. As the radius of curvature reduces to a limiting value, the shock
wave will glide over the surface. The displacement and velocity data from the
DIC analysis from the experiments are correlated to the computational model
by utilizing the Russell error. The Russell error analysis showed that all the
comparisons fall within the acceptable regime, including four in the excellent

regime.

Three types of carbon composite panels with varying curvature have been
subjected to a controlled shock loading using a shock tube. 3D DIC technique
coupled with high speed photography is used to obtain the out-of-plane
deformation/velocity and in-plane strain on the back face of all the three
panels. The macroscopic post-mortem analysis and DIC deflection, velocity
and in-plane strain analysis shows that panel C (112 mm radius of curvature) is
capable of sustaining the highest threshold failure load. The flexural
deformation decreases and indentation deformation increases as the radius of
curvature decreases. There is a limit to which the radius of curvature can be
decreased. As the radius of curvature reduces to a limiting value, the shock

wave will glide over the surface.

Three types of glass/vinyl ester composite panels with varying thickness have

been subjected to a controlled shock loading using a shock tube. 3D DIC

126










BIBLIOGRAPHY

Arora, H., Hooper, P.A.,; and Dear, J.P., “Dynamic response of full-scale sandwich
composite structure subject to air-blast loading”, Composites: Part A, 42
(2011) 1651-1662.

Biggs, J.M., “Introduction to structural Dynamics”, McGraw-Hill, New York, 1964.

Bouzid, S.. Nyoungue, A., Azari, Z., Bouaouadja, N., and Pluvinage, G., “Fracture
criterion for glass under impact loading”. International Journal of Impact
Engineering, 25 (2001) 831-845.

Carson, S.W., and Papanu, V.D., “”, Journal of Non-Crystalline Solids, 218 (1997)
169-173.

Chi, Y., Langdon, G.S., and Nurick, G.N., “The influence of core height and face plate
thickness on the response of honeycomb sandwich panels subjected to blast
loading™, Materials and Design, 31 (2010) 1887-1899.

Chun, L., and Lam, K.Y., “Dynamic analysis of clamped laminated curved panels”,
Composite Structures, 30 (1995) 389-398.

Clough, R.W., and Penzien, J., “Dynamics of structures”, McGraw-Hill, New York,
1975.

Colete, T.J., Nurick, G.N., and Palmer, R.N., “The deformation and shear failure of
peripherally clamped centrally supported blast loaded circular plates”,
International Journal of Impact Engineering, 32 (2005) 92-117.

Daniel, [.M., Werner, B.T., and fenner, J.S., “Strain-rate-dependent failure criteria for

composites”, Composite Science and Technology, 71 (2011) 357-364.

129







affordable woven carbon/epoxy composites”, Composite Structures, 59 (2003)
507-523.

Hosur, M.V., Alexander, J., Vaidya, U.K., Jeelani, S., and Mayer, A., “Studies on the
off-axis high strain rate compression loading of satin weave carbon/epoxy
composites”, Composite Structures, 63 (2004) 75-85.

Hosur, M. V., Alexander, J., Vaidya, U.K., Jeelani, S., and Mayer, A., “High strain rate
compression response of carbon/epoxy laminate composites”, Composite
Structures, 52 (2001) 405-417.

Jacinto, A.C., Ambrosini, R.D., and Danesi, R.F., “Experimental and computational
analysis of plates under air blast loading”, International Journal of Impact
Engineering, 25 (2001) 927-47.

Karagiozova, D., Nurick, G.N., Langdon, G.S., Yuen, S.C.K., Chi, Y., and Bartle, S.,
“Response of flexible sandwich-type panels to blast loading”, Composites
Science and Technology, 69 (2009) 754-763.

Khalili, S.M.R., Soroush, M., Davar, A. and Rahmania, O., “Finite element modeling
of low-velocity impact on laminated composite plates and cylindrical shells”,
Composite Structures, 93 (2011) 1363-1375.

Kistler, L.S., and Waas, A.M., “On the response of curved laminated panels subjected
to transverse impact loads”, International Journal of Solids and Structures, 36
(1999) 1311-1327.

Krauthammer, T., and Altenberg, A., “Negative phase blast cffects on glass panels”,

International Journal of Impact Engineering, 24 (2000) 1-17.

131




Langdon, G.S., Chi, Y., Nurick, G.N., and Haupt, P., “Response of GLARE panels to
blast loading”, Engineering Structures, 31 (2009) 3116-3120.

Langdon, G.S., and Schleyer, G.K., “Inelastic deformation and failure of profiled
Stainless steel blast wall panels. Part I: experimental investigation”,
International Journal of Impact Engineering, 31 (2005) 341-369.

Langdon, G.S., and Schleyer, G.K., “Inelastic deformation and failure of profiled
Stainless steel blast wall panels. Part II: analytical modeling consideration”,
International Journal of Impact Engineering, 31 (2005) 371-399.

LeBlanc, J., and Shukla, A., “Dynamic response and damage evolution in composite
materials subjected to underwater explosive loading: An experimental and
computational study”, Composite Structures, 92 (2010) 2421-2430.

Leblanc, J., and Shukla, A., “Dynamic response of curved composite panels to
underwater explosive loading: experimental and computational comparisons”,
Composite Structures, 93 (2011) 3072-3081.

LeBlanc, I., Shukla, A., Rousseau, C., and Bogdanovich, A., “Shock loading of three-
dimensional woven composite materials”, Composite Structures, 79 (2007)
344-355.

LeBlanc, J., and Shukla, A., “Response of E-glass/vinyl ester composite panels to
underwater explosive loading: Effect of laminate modification”, International

Journal of Impact Engineering, 38 (2011) 796-803.

Mencik, J., “Strength and fracture cf glass and ceramics”, Elsevier, New York, 1992.




Nurick, G., Olson, M.D., Fagnan, J.R., and Levi, A., “Deformation and tearing ot blast
loaded stiffened square plates”, Interantional Journal of Impact Engineering,
16 (1995) 273-291.

Nurick, G., and Shave, G.C., “The deformation and tearing of thin square plates
subjected to impulsive loads - an experimental study”, International Journal of
Impact Engineering, 18 (1996) 99-116.

Ochola, R.O., Marcus, K., Nurick, G.N. and Franz, T., “Mechanical behavior of glass
and carbon fiber reinforced composites at varying strain rates”, Composites
Structures, 63(2004) 455-467.

Pankow, M., Justusson, B., Salvi, A., Waas, A.M., Yen, Chian-Fong, and Ghiorse, S.,
“Shock response of 3D woven composites: An experimental investigation”,
Composite Structures, 93(2011) 1337-1346.

Rajendran, R., and Lee, J.M., “Blast loaded plates”, Marine Structures, 22 (2009) 99-
127.

Redekop, D., “Dynamic response of short curved pipes to impulsive loading”,
International Journal of Pressure Vessels and Piping, 61 (1995) 41-47.
Russell, D.M., “Error measure for comparing transient data, Part I: development of a
comprehensive error measure, Part II: error measure case study”, In

Proceedings of the 68" shock & Vibration symposium, 3-6"™ November 1997.

Russeil, D.M., “DDGS53 Shock trial simulation acceptance criteria”, In 69" shock and
vibration symposium, 12-19™ October 1998.

Saito, H., and Masuda, M., “Modeling of blast process using indenting method”,

Precision Engineering, 28 (2004) 369-377.

133




Shen, J., Lu, G., Wang, Z., Zhao, L., “Experiments on curved sandwich panels under
blast loading”, International Journal of Impact Engineering, 37 (2010) 960-
970.

Shokrieh, M.M., and Lessard, L.B., “Progressive Fatigue Damage Modeling of
Composite Materials, Part II: Material Characterization and Model
Verification”, Journal of Composite Materials, 34 (2000) 1081-1116.

Stargel, D.S., “Experimental and Numerical Investigation into the effects of Panel
Curvature on the High Velocity Ballastic Impact Response of Aluminum and
Composite Panels”, Doctor of Philosophy Dissertation, University of
Maryland, College Park, 2005.

Stoffel, M., Schmidt, R., and Weichert, D., “Shock wave loaded plates™, International
Journal of Solids and Structures, 38 (2001) 7659-80, 2001.

Sutton, M.A., Orteu, J., and Schreier, H.W., “Image Correlation for Shape, Motion
and Deformation Measurements: Basic Concepts, Theory and Applications:,
Springer, 2009.

Tekalur, S.A., Shivakumar, K., and Shukla, A., “Mechanical behavior and damage
evolution in E-glass vinyl ester and carbon composites subjected to static and
blast loads”, Composites: Part B, 39 (2008) 57-65.

Tiwari, V., Sutton, M.A., McNeill, S.R.,, Xu, S., Deng, X., Fourney, W.L., and Bretall,
D., “Application of 3D image correlation for full-field transient plate
deformation measurements during blast loading”, International Journal of

Impact Engineering, 36 (2009) 862-874.

134




Wei, J., and Dharani, L.R., “Fracture mechanics of laminated glass subjected to blast
loading”, Theoretical and Applied Fracture Mechanics, 44 92005) 157-167.

Wei, J., Shetty, M.S., and Dharani, L.R., “Stress characteristics of a laminated
architectural glazing subjected to blast loading”, Computers & Structures, 84
(2006).699-707.

Wei, J., and Dharani, L.R., “Response of laminated architectural glazing subjected to
blast loading”, International Journal of Impact Engineering, 32 (2006) 2032-
2047.

Wright, J., “Shock Tubes”, John Wiley and Sons Inc., New York, 1961.

Wierzbicki, T., and Nurick, G., “Large deformation of thin plates under localized
impulsive loading”, International Journal of Impact Engineering, 18 (1996)
899-918.

Zhu, F., Zhao, L., Lu, G., and Wang, Z., “Deformation and failure of blast loaded
metallic sandwich panels-experimental investigations”, International Journal

of Impact Engineering, 35 (2008) 937-951.

135




	DYNAMIC RESPONSE OF STRUCTURAL MATERIALS TO SHOCK LOADING
	Terms of Use
	Recommended Citation

	dissertation_Kumar_2011_001
	dissertation_Kumar_2011_002
	dissertation_Kumar_2011_003
	dissertation_Kumar_2011_004
	dissertation_Kumar_2011_005
	dissertation_Kumar_2011_006
	dissertation_Kumar_2011_007
	dissertation_Kumar_2011_008
	dissertation_Kumar_2011_009
	dissertation_Kumar_2011_010
	dissertation_Kumar_2011_011
	dissertation_Kumar_2011_012
	dissertation_Kumar_2011_013
	dissertation_Kumar_2011_014
	dissertation_Kumar_2011_015
	dissertation_Kumar_2011_016
	dissertation_Kumar_2011_017
	dissertation_Kumar_2011_018
	dissertation_Kumar_2011_019
	dissertation_Kumar_2011_020
	dissertation_Kumar_2011_021
	dissertation_Kumar_2011_022
	dissertation_Kumar_2011_023
	dissertation_Kumar_2011_024
	dissertation_Kumar_2011_025
	dissertation_Kumar_2011_026
	dissertation_Kumar_2011_027
	dissertation_Kumar_2011_028
	dissertation_Kumar_2011_029
	dissertation_Kumar_2011_030
	dissertation_Kumar_2011_031
	dissertation_Kumar_2011_032
	dissertation_Kumar_2011_033
	dissertation_Kumar_2011_034
	dissertation_Kumar_2011_035
	dissertation_Kumar_2011_036
	dissertation_Kumar_2011_037
	dissertation_Kumar_2011_038
	dissertation_Kumar_2011_039
	dissertation_Kumar_2011_040
	dissertation_Kumar_2011_041
	dissertation_Kumar_2011_042
	dissertation_Kumar_2011_043
	dissertation_Kumar_2011_044
	dissertation_Kumar_2011_045
	dissertation_Kumar_2011_046
	dissertation_Kumar_2011_047
	dissertation_Kumar_2011_048
	dissertation_Kumar_2011_049
	dissertation_Kumar_2011_050.5
	dissertation_Kumar_2011_050
	dissertation_Kumar_2011_051
	dissertation_Kumar_2011_052
	dissertation_Kumar_2011_053
	dissertation_Kumar_2011_054
	dissertation_Kumar_2011_055
	dissertation_Kumar_2011_056
	dissertation_Kumar_2011_057
	dissertation_Kumar_2011_058
	dissertation_Kumar_2011_059
	dissertation_Kumar_2011_060
	dissertation_Kumar_2011_061
	dissertation_Kumar_2011_062
	dissertation_Kumar_2011_063
	dissertation_Kumar_2011_064
	dissertation_Kumar_2011_065
	dissertation_Kumar_2011_066
	dissertation_Kumar_2011_067
	dissertation_Kumar_2011_068
	dissertation_Kumar_2011_069
	dissertation_Kumar_2011_070
	dissertation_Kumar_2011_071
	dissertation_Kumar_2011_072
	dissertation_Kumar_2011_073
	dissertation_Kumar_2011_074
	dissertation_Kumar_2011_075
	dissertation_Kumar_2011_076
	dissertation_Kumar_2011_077
	dissertation_Kumar_2011_078
	dissertation_Kumar_2011_079
	dissertation_Kumar_2011_080
	dissertation_Kumar_2011_081
	dissertation_Kumar_2011_082
	dissertation_Kumar_2011_083
	dissertation_Kumar_2011_084
	dissertation_Kumar_2011_085
	dissertation_Kumar_2011_086
	dissertation_Kumar_2011_087
	dissertation_Kumar_2011_088
	dissertation_Kumar_2011_089
	dissertation_Kumar_2011_090
	dissertation_Kumar_2011_091
	dissertation_Kumar_2011_092
	dissertation_Kumar_2011_093
	dissertation_Kumar_2011_094
	dissertation_Kumar_2011_095
	dissertation_Kumar_2011_096
	dissertation_Kumar_2011_097
	dissertation_Kumar_2011_098
	dissertation_Kumar_2011_099
	dissertation_Kumar_2011_100
	dissertation_Kumar_2011_101
	dissertation_Kumar_2011_102
	dissertation_Kumar_2011_103
	dissertation_Kumar_2011_104
	dissertation_Kumar_2011_105
	dissertation_Kumar_2011_106
	dissertation_Kumar_2011_107
	dissertation_Kumar_2011_108
	dissertation_Kumar_2011_109
	dissertation_Kumar_2011_110
	dissertation_Kumar_2011_111
	dissertation_Kumar_2011_112
	dissertation_Kumar_2011_113
	dissertation_Kumar_2011_114
	dissertation_Kumar_2011_115
	dissertation_Kumar_2011_116
	dissertation_Kumar_2011_117
	dissertation_Kumar_2011_118
	dissertation_Kumar_2011_119
	dissertation_Kumar_2011_120
	dissertation_Kumar_2011_121
	dissertation_Kumar_2011_122
	dissertation_Kumar_2011_123
	dissertation_Kumar_2011_124
	dissertation_Kumar_2011_125
	dissertation_Kumar_2011_126
	dissertation_Kumar_2011_127
	dissertation_Kumar_2011_128
	dissertation_Kumar_2011_129
	dissertation_Kumar_2011_130
	dissertation_Kumar_2011_131
	dissertation_Kumar_2011_132
	dissertation_Kumar_2011_133
	dissertation_Kumar_2011_134
	dissertation_Kumar_2011_135
	dissertation_Kumar_2011_136
	dissertation_Kumar_2011_137
	dissertation_Kumar_2011_138
	dissertation_Kumar_2011_139
	dissertation_Kumar_2011_140
	dissertation_Kumar_2011_141
	dissertation_Kumar_2011_142
	dissertation_Kumar_2011_143
	dissertation_Kumar_2011_144
	dissertation_Kumar_2011_145
	dissertation_Kumar_2011_146
	dissertation_Kumar_2011_147
	dissertation_Kumar_2011_148
	dissertation_Kumar_2011_149
	dissertation_Kumar_2011_150
	dissertation_Kumar_2011_151
	dissertation_Kumar_2011_152
	dissertation_Kumar_2011_153
	dissertation_Kumar_2011_154
	dissertation_Kumar_2011_155

