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Abstract

The thesis strives to provide a road map to utilise the fly ash as a viable particulate
reinforcement to polyurethane foam (PUF). The work also supports that the
understanding the deformation mechanism of the components (face sheet and core) and
sandwich composite under different loading condition i.e., compression, shear, bending

and indentation, will gives perspective to design a sandwich composite.

In the current study, Silane coupling agent is employed to facilitate adhesion between an
organic matrix and an inorganic filler. Thereafter, the shear test has been conducted on
treated and untreated fly ash (FA) reinforced PUF core. The findings suggest that the
stress carrying capacity of the silane treated FA-PUF outperform the untreated FA-PUF.
Thus, the results depict that the FA as particulate reinforcement can be a sustainable

option.

Now, the effect of varying FA wt. % inclusion in PUF core has been studies under
compression and shear. ASTM C365/C365M and ASTM C273/C273M-16 has been used
for compression and shear test respectively. The results shows that the polyurethane
foam’s shear modulus was improved from 14% to 39% depending on the weight
percentage of fly ash inclusion to the neat PUF. While under compression the 20% FA-

PUF’s modulus is more than twice of the neat PUF.

Later, the glass fiber reinforced polymer (GFRP) and carbon fiber reinforced polymer
(CFRP) laminated face sheet has been fabricated and tested according to
D3039/D3039M-17 for its tensile strength and modulus. The finding reports that the

stiffness of the CFRP laminates is more than 3 time of GFRP.

Now, the sandwich composites were manufactured using GFRP/CFRP face sheet in
combination with neat and FA-PUF core. The 3 Point test was conducted according to

ASTM C393/C393M-16 to understand the deformation behaviour with varying wt. % of



FA-PUF on GFRP/CFRP sandwich composite. The results shows that CFRP sandwich

composites performs better than the GFRP sandwich composites.

After performing the conventional mechanical testing, indentation resistance or response
to localised stress is elaborately studied for both bare core and sandwich composite. At
first the core alone is taken under consideration, here the effect of indenter geometry (flat-
circular, hemispherical and conical) and inclusion of varying FA wt.% to PUF has been
studied. The study shows the positive response to the reinforcement, owing to the fact,
that the rigidity of the PUF increases with FA reinforcement. After indentation the cross-
sectional cut of the damaged PUF core is analysed for the deformation behaviour and to
corroborate the variation in performance due to reinforcement and indenter’s geometry

during indentation test.

At last, the indentation resistance of the sandwich composite has been conducted. The
effect of face sheets, FA reinforcement and indenter’s nose tip profile is taken under
consideration. The CFRP sandwich composite performs better than the GFRP sandwich
composite due to the stiff face sheet which provide better resistance against indentation.
The study also concluded that the least resistance is offered in case of conical indenter
and highest resistance offered by flat-circular indenter, while hemispherical lie in
between these two indenters. The effect FA reinforced PUF core GFRP/CFRP sandwich

composites are also analysed under different indenter’s nose profile.

The improvement in mechanical properties of PUF foam core by employing a low-cost
thermal power plant industry by-product fly ash seems to be an attractive alternative for
future structural applications. This also has the advantage of reducing environmental

hazards and corrosive pollution.
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Preface

Sandwich structured composites are a special class of composite materials are popular due
to high specific strength and bending stiffness. Light in weight and buoyancy effect of these
materials makes them especially suitable for use in aeronautical, space and marine
applications. Sandwich panels are composite structural elements, consisting of two thin, stiff
and strong face sheets separated by a core relatively thick layer of low-density and less stiff
material. The face sheets are commonly made of steel, aluminium or laminate composite and
the core material may be foam, honeycomb and balsa wood. The face sheet and the core
material are bonded together with an adhesive to facilitate the load transfer mechanisms
between the components. This particular layered composition creates a structural element
with both high bending stiffness and bending strength. In order to bring solutions to the mass
manufacturing, many developments and studies during these last years, were optimization
of the mechanical performance/ density ratio. Indeed, the general concept of optimisation
sandwich structures has been investigated and developed by many researchers. This study
was undertaken with the same objective, but by having a strategy of optimization being
focused more particularly on core material. Our step is to reconsider in its entirety core
material and to propose a new concept of foam core which utilize Fly Ash (FA) as a practical
particulate reinforcement which is an industrial waste from the power plant industry. This
study aims to develop the new route of manufacturing the FA reinforced foam core with
superior mechanical properties. The enhancement in properties has been corroborated by the
different investigations under taken in the thesis work. First The bare core (neat and FA
PUF) is tested under compression, shear and indentation loading. These foam cores are tested
for its superior mechanical properties and change incurred to deformation mechanism after
reinforcement. Then, these cores are combined with GFRP and CFRP face sheet. The

sandwich composites are tested under 3-point bend test and quasi-static indentation (Flat-
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circular, hemispherical and conical). The variation in bending stiffness and indentation
resistance with FA wt. % reinforcement to foam core sandwich composites have been

studied elaborately.

Organization of thesis-: This thesis has been divided into seven chapters

Chapter-1 provides a brief introduction about composites and their applications. Design
principle of the sandwich composite has been discussed in detail. Potential of core as a tool
to increase the bending stiffness of the sandwich composite. This chapter also include failure
mechanism of the sandwich composite. This chapter concludes with the aim and objective

of the present investigation.

Chapter-2 presents how to couple inorganics filler material to organic matrix, particulate
reinforcement affects the cell morphology, the effect of particulate shape and size on
reinforcement characteristics. It also covers how the FA can be utilised in different ways and
applications. This chapter discusses about the quasi-static indentation as a substitute of low
velocity indentation to study the deformation sequence which equip the design engineers to

design a high-performance sandwich structure.

Chapter-3 deals with details of materials used for the present investigation and experimental
procedure of fabrication of sandwich components and sandwich composites. The
experimental details of the physical and mechanical testing which are conducted according
to ASTM standard of face sheet, foam core and sandwich panel has been included here. The
SEM characterization to study the cellular morphology and the damage mechanism has been

included.
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Chapter-4 presents detailed discussion on the characterization of face sheet, core and
sandwich composite. FA reinforced PUF core has been tested for its superior mechanical
properties under shear test, GFRP and CFRP face sheets are tested for its tensile strength,
and FA-PUF core GFRP/CFRP sandwich composite are tested under 3-point bend test. In
this chapter it has been established that the FA inclusion to PUF core incurred positive

mechanical properties when optimised.

Chapter-5 presents exclusive physical and mechanical testing of the neat and FA-PUF core.
Effect of FA inclusion on PUF core density and compressive properties has been evaluated.
The evaluation of indentation resistance of the PUF core with FA reinforcement in covered
in this chapter. The effect of indenter’s nose tip geometry on indentation resistance of the

PUF core is also comprised here.

Chapter-6 focuses on the sandwich structure's responsiveness while considering the impact
of GFRP and CFRP face sheets under quasi-static indentation. Fly ash loaded PUF core
sandwich composites are investigated comprehensively. This study also investigates the

response of sandwich composite changes with the change in nose profile geometry.

Chapter 7: presents the concluding remarks and future scope.
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