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ABSTRACT 

The rapidly increasing economic growth leads to advancement in the automotive 

sector. Concept of road vehicles have changed drastically based in terms of on their 

design and other functional aspects. Vehicle manufacturers are continuously improving 

the design of the heavy load carrying vehicles .The developed countries started 

manufacturing heavy commercial vehicle(HCV) which can carry more load than 

ordinary vehicle without hampering the mileage of vehicle. These HCV are having 

lower weight than ordinary vehicle. Leading HCV manufacturing companies looking 

for more technical enhanced, fuel efficient and economically viable HCV. The best 

way to increase efficiency of the HCV is to reduce the weight of vehicle. Mileage of a 

vehicle is related to the fuel consumption of the vehicle. When the load on the vehicle 

increases, its engine has to do more work to generate the thrust required to propel the 

vehicle. It results in excessive fuel consumption i.e. increase in load on the vehicle 

increases its fuel consumption. When the load (weight of the goods) on the engine 

increases it increases the mean effective pressure of the engine cycle and friction power 

(difference between indicated power and brake power). If a vehicle requires same brake 

power, which is available at its wheels, then it has to accelerate more which increases 

fuel consumption as compared to the unloading condition for same distance of travel. 

Because weight directly affect the mileage of vehicle so weight should be less. VECV 

(Volvo Eicher Commercial Vehicle) which is the joint venture between the Valvo 

group (Volvo) and Either Motors Limited is facing the problem of heavy weight of 

vehicle due to which vehicles are not able to perform well. So to eradicate this problem 

VECV Ltd. made collaboration with IIT Indore and ask how to reduce the weight of 

vehicles.  

In this research main aim is to develop advanced new composite material for bus 

flooring and suggest alternate material for hatrack assembly which is having lesser 

weight than what they are currently using without compromising the strength of 

material. They are anticipating weight reduction about approximately 50% in bus 

flooring and hatrack assembly. 

After suggesting and developing advanced material the main aim is to check out the 

desire mechanical, chemical and other different properties of these new materials. After 

developing composite material it can be concluded that weight reduction in case of 
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single layer fiber and double layer on balsa wood as core material reduces weight about 

63%. And 42.93% respectively and in case of SAN foam as core material weight 

reduction in double layer and single layer fiber is about 49.6% and 32.92% 

respectively. The results obtained after performing the experiment on double layer fiber 

meeting the expectation while results obtained on single layer fiber are not much 

significance. For hatrack assembly the suggested alternate material reduces the weight 

significantly. 
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Chapter 1 

Introduction 

1.1 Commercial Vehicle 

 Faster and higher load transportation in shorter duration of time is the present 

requirements of the road transport vehicles. Consequently, concept of road vehicles have 

changed drastically based in terms of on their design and other functional aspects. Vehicle 

manufacturers are continuously improving the design of the heavy load carrying vehicles.  

But, safety of such vehicle is very important because of the load and speed of 

transportation. The European Union defines a commercial vehicle as any motorized road 

vehicle which according to its type of construction and equipment is designed for and is 

capable of transporting more than nine persons including the driver and/or goods and is 

fitted with a standard fuel tank. This implies that the fuel tank permanently fixed by the 

manufacturer to the motor vehicles of the similar type and which allows the fuel to be used 

directly both for propulsion and for providing power to the refrigeration system, if any.  

1.2 Weight and Dimensions of Heavy Commercial Vehicles  

European Union directive 96/53/EC defines weight and dimensions of the heavy 

commercial vehicles (HCV). Figure 1.1 depicts two older modules of HCV giving details 

of their dimensions. Concept of European Modular System (EMS) classifies the HCV into 

three categories (i) Street class 1; (ii): Road class 2; and (ii) Road class 3 as illustrated in 

in Fig. 1.2. The concept of EMS leads to efficient logistics which is shown in Fig. 1.3 for 

Class 2 and class 3 of HCV.  

 

Fig. 1.1: Two older modules of HCV (Larsson, 2009). 
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Fig.1.2: Three types of HCV according to the European Modular System (EMS) 

(Larsson, 2009). 

 

 

 

 

 

 

 

 

Fig. 1.3: Concept of efficient logistics for two categories of HCV in the EMS (Larsson, 

2009). 

1.3 Importance of Weight Reduction of HCV 

Heavy commercial vehicles have received increased demand in recent years because of 

their immense potential in revolutionizing automobile engineering applications. Leading 

HCV manufacturing companies looking for more technical enhanced, fuel efficient and 

economically viable HCV. The best way to increase efficiency of the HCV is to reduce the 

weight of vehicle. Mileage of a vehicle is related to the fuel consumption of the vehicle. 

When the load on the vehicle increases, its engine has to do more work to generate the 

thrust required to propel the vehicle. It results in excessive fuel consumption i.e. increase 

in load on the vehicle increases its fuel consumption. When the load (weight of the goods) 

on the engine increases it increases the mean effective pressure of the engine cycle and 

friction power (difference between indicated power and brake power). If a vehicle requires 

same brake power, which is available at its wheels, then it has to accelerate more which 

increases fuel consumption as compared to the unloading condition for same distance of 
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travel. Fuel consumption of an HCV can be reduced by reducing its dead weight which 

will also help in increasing its thermal efficiency. Reduced weight of HCV helps in 

achieving following benefits in addition to fuel economy:  

• Reduction in Emissions: Fan et al (2016) has described about use of lightweight 

materials in automotive applications. Lightweight has become more prevalent as 

transport vehicle manufacturers strive to reduce vehicle weight to improve 

performance, to lower the fuel and oil consumption, and to reduce emissions. Mass 

reduction, manufacturing process, and recycling are paramount in the transport sector 

in achieving reduction of emission of carbon monoxide and other pollutant gasses. The 

lighter the mass, the lower the acceleration required. The weight reduction of a vehicle 

is an effective way of reducing emission of harmful gases from any source of energy 

whether oil (petrol, diesel, etc.), electric, biofuels, or fuel cells. 

• Development of sophisticated vehicles: Consumer demand for more relaxed, 

luxurious and reliable travelling by vehicle is continuously growing. But, this requires 

addition of new auxiliaries, accessories and components which eventually increases 

the weight of the vehicle. Therefore, weight reduction of HCV by using light weight 

material assumes lot of significance.   

• Aesthetics: New components and accessories are added to make a vehicle more 

attractive and competitive. It also increases the weight of vehicle. Therefore, weight 

reduction provides opportunity for addition of such components and accessories 

without affecting power and mileage of the vehicle. .  

 

Use of composite material as light weight in automobile an aviation industry has been 

growing continuously increasing since 1990s. Gubencu et al (2010) have mentioned 

that composite material is having specific strength typically in the range of 3 to 5 times 

that of steel and aluminum alloys. Therefore, substitution of existing materials by 

existing composites or developing new composite in HCV will result in higher 

strength-to-weight ratio and consequently reduction in its weight. Strength of any 

composite material strongly depends on fiber type, fiber length, fiber orientation, and 

fiber content (60 to 70% is strongest, as a rule).  
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Chapter 2 

Review of Past Work 

2.1 Motivation of Present Work 

The growing push towards ‘smart’ systems with adaptive and/or intelligent functions 

and features has necessitated increased use of the advanced technologically driven vehicle. 

To make vehicle more sophisticated more auxiliaries are being added continuously in 

HCV. Increased number of accessories increases weight of the vehicle and consequently 

reduction in its mileage and thermal efficiency. To solve this problem, automobile 

manufacturers and experts are searching for advanced material that has low weight and 

higher strength-to-weight ratio.  

Traditionally, bus floors of HCV are made of wood which is expensive and unsafe due 

to being prone to fire hazards. Consequently, HCV manufacturers started using either 

metals or alloys such as aluminum sheets, stainless steel, etc. Though these floorings are 

more cost-effective than wood but they poses risk to the safety of the passengers traveling 

in HCV because metallic materials attract static electricity. Some HCV manufacturers 

started using combination of metallic, non-metallic and thermosetting material. Some 

HCV manufacturers used vinyl flooring which is referred as homogeneous vinyl flooring 

or vinyl flooring in combination with either wood or metals which are known as 

heterogeneous flooring. But, these also did not help in significant weight reduction of the 

flooring in HCV without affecting their design requirements.  

Generally, composite have lesser weight than metallic materials and can be engineered 

to have more strength than metallic materials in the direction of loading. Panthapulakkal 

et al. (2017) have mentioned several advantages including weight reduction achievable by 

use of composite materials. Karthikeyan et al. (2017) have mentioned weight reduction 

in aircraft components by using composite materials. Therefore, development and use of 

light weight composite material having higher strength-to-weight ratio can significantly 

reduce weight of those parts of an HCV which constitute dead weight such as bus flooring, 

hatrack, seating, etc. without affecting their design requirements. Unfortunately, no HCV 

manufacturing company is presently using such composite materials.  

Volvo Eicher Commercial Vehicle (VECV) Ltd. Pithampur is a joint venture between 

the Volvo group and Eicher motor limited. The company is facing problem of poor 

mileage performance of the Buses manufactured by VECV and shown in Fig. 2.1 due to 

their increased weight caused by provision of more sophisticated accessories. It motivated 



6 

 

to set the goal of the present work as achieving significant weight reduction of the flooring 

and hatrack used in the VECV manufactured buses by developing a light weight fire 

resistant and easy-to-use composite material without affecting their design requirements.  

 

Fig. 2.1: Photographs of some of the buses manufactured by Volvo Eicher Commercial 

Vehicles (VECV) Ltd at Pithampur (MP). 

2.2 Objectives of Present Work 

Following objectives were identified to accomplish the goal of the present work.   

• Analysis of the material and weight used in the existing flooring and hatrack assembly 

used in the buses of VECV 

• Analysis of the design requirements of the flooring and hatrack in buses of VECV 

• Identifying scope for weight reduction of flooring and hatrack 

• Identification and development of light weight material for bus flooring  

• Identification and development of light weight material for hatrack assembly 

• Fabrication of light weight composite material 

• Mechanical testing of the developed material  

2.2.1 Material and Weight of the Existing Flooring of the Buses 

Fig. 2.2 represents weight distribution on bus flooring and Fig. 2.3 shows existing 

flooring and exterior roof materials:   
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Fig. 2.2: Distribution of passengers’ load in bus manufactured by VECV Ltd. 

 

Fig. 2.3: Currently used floor and exterior roof material by VECV Ltd. 

In existing design plywood and vinyl materials are being used for bus flooring by 

VECV Ltd. 

Details of assembly: 

▪ Materials: Plywood (12 mm thick) + Vinyl (3 mm thick) 

▪ Weight: assembly weight (120 kg) 

▪ Density: 0.65 g/cc  

2.2.2 Design Requirements of Bus Floor 

Following are the design requirements for the bus flooring of HCV manufacturing by 

VECV:   

• Weight reduction about 50%:  

• Should sustain the dynamic loading 2G   

• Easily mountable with the screw on structure 

• Better fit and finish  
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• Fire and water resistance 

• Operating temperature range: 90°C 

• Aesthetically neat and clean 

2.2.3 Material and Weight of the Existing Hatrack Assembly  

Fig.2.4 depicts hatrack assembly consisting of different parts having different materials 

in VECV Ltd.: 

Fig.2.4: Hatrack assembly of buses manufactured by VECV Ltd. 

(Weight of above assembly: 40 Kg) 

2.2.4 Design Requirements of the Hatrack Assembly 

• The length of the hatrack: 7.6 m 

• Total load on hatrack: 308 kg i.e. load carried per hatrack: 154 kg 

• The first mode of natural frequency of the hatrack should be more than 25 Hz 

• The life of the hatrack in fatigue mode should be at least six lacs kilometre.  

• Loading should be of 0 to 50 Kg 

• Hatrack able to sustain compressive loads 
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2.3 Research Methodology 

Figure 2.4 presents the research methodology used in the present work to meet the 

identified research objectives. 

 

Fig.2.5: Research Methodology of the present work. 
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Chapter 3 

Selection and Development of the Composite Material 

3.1 Selection of Type of Material 

Few researchers have reported on use of advanced materials in transport sector. Khalil 

(2017) and Martinzer et al.  (2015) have mentioned that composite material can be used 

as floor material for heavy commercial vehicles due to special features possessed by them. 

Composite materials have high specific stiffness (stiffness-to-density ratio) which enables 

different vehicles to move faster with better fuel efficiency. Therefore, it was decided that 

development of a light weight carbon fibre reinforced composite (CFRP) material with 

appropriate sandwich structure and possessing following properties can be a better 

alternative for replacement for existing materials in bus floor and hatrack. CFRP 

composite material is one of the most abundantly used composite material.  

• It should reduce weight of floor by at least 50% 

• It should have good weldability. 

• Good resistance to fire, chemical reaction, and wear 

• Should have better mechanical properties than the existing material and they should 

not degrade appreciably at an elevated temperature  

• Its cost should be less than or comparable with the existing material being used in floor 

and hatrack of VECV buses  

• Good shock and impact resistance 

• Aesthetically more neat and clean 

A sandwich structure with glass fibre as the reinforcement material can be the best 

material to replace the existing material of bus floor and hatrack. Designers and 

manufacturer of the composite opine that sandwiching a low-density, lightweight core 

material between thin face sheets can increase a laminate's stiffness with little added 

weight. A sandwich structure is relatively cost-effective in comparison to more expensive 

composite reinforcement material and it can be cured with the skins in one-shot processes 

like resin infusion. Lighter sandwich structure requires less supporting structure than a 

solid laminate. Sandwich structure also helps in distribution of loads and stresses on the 

skins which makes a cored sandwich an excellent design for absorbing impact stresses. 

Compressive strength of core prevents the thin skins from buckling failure, while its shear 

modulus keeps the skins from sliding independent of each other when subjected to 

bending loads. Equally important is the adhesive (epoxy resin) that bonds the core to the 
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skins. It must be strong enough to withstand the constant compressive or tensile forces of 

dynamic loading. The coefficients of thermal expansion of the core, the laminate material 

and the adhesive are compatible to ensure that thermal cycling does not cause failure of 

composite material. 

3.2 Proposed Composite Material for Bus Flooring  

Following constituent were selected for developing sandwich type composite material 

for bus floor considering the above-mentioned requirements and considerations. Table 3.1 

presents mechanical properties of the selected constituents along with another alternative 

for core material.  

• Glass fibre as reinforcing material: The arrangement or orientation of the fibers 

relative to one another, the fiber concentration, and the distribution all have a 

significant influence on the strength and other properties of fiber-reinforced 

composites. Following two orientations of glass fibre are possible: 

(i) A parallel alignment of the longitudinal axis of the fibers in a single direction with 

continuous fiber, or  

(ii) Perpendicular or cross-orientation for continuous fiber and random orientation for 

discontinuous fiber 

Since, strength observed in cross-orientation fiber is more therefore it was selected for 

bus floor. 

• Balsa wood: was selected as core material for sandwich structure. Balsa wood is the 

one of the lowest weighting material. It is a natural cellular material with an excellent 

stiffness-to-weight and strength-to-weight ratios as well as excellent energy absorption 

property. It has these properties due to its microstructure, which consists of long 

slender cells with approximately hexagonal cross-sections that are arranged axially. It 

can be easily shaped, sanded, glued, and painted. It is also non-toxic, biodegradable, 

and absorbs shocks and vibrations well. Styrene Acrylo Nitrile (SAN) foam is a high 

performance foam which is ideal for marine applications, high shear strength and low-

density compatible with sandwich structure of the composite material. 

• Epoxy Resin and Hardener: Mixture of an epoxy resin and hardener in ratio of 

100:35 is proposed to be used as an adhesive to bind the glass fiber and core material. 

Epotec YD 535 LV grade epoxy resin has been selected in the present work. It is a low 

viscosity, a modified bisphenol based epoxy resin. This has very good wetting 

resistance and exhibits excellent adhesion to all types of reinforcements such as glass, 
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polyester, carbon and Kevlar etc. It provides an excellent combination of chemical, 

mechanical, physical and thermal properties when it is used with suitable aliphatic or 

aromatic amine hardeners. Fully cured components prepared by this resin are 

recommended to operate 112° C temperature. Epotec TH 7257 was selected as 

hardener which can provide working time more than 5 hours at 25oC with low 

exothermic reactions. It has rapid curing character and can be used to produce small 

components that are demoldable in just a few hours at 25°C. Its low viscosity 

guarantees fast and complete impregnation of reinforcing fibers such as glass, carbon, 

and polyaramide and allows laminates to be produced by contact pressure, vacuum or 

pressure bag techniques, filament windings, and vacuum assisted resin injection. The 

laminates cured at room temperature provide excellent strength. Optimum properties, 

however, will only be reached after post-curing at temperature more than 40°C. Fully 

cured components prepared by this system are recommended to operate up to 110°C 

temperature. Table 3.1 present properties of the proposed material. 

Table 3.1: Mechanical properties of the selected constituents of the sandwich composite 

for bus flooring of HCV along with SAN foam. 

Property Balsa wood Epoxy resin Glass fibre SAN foam 

Density (g/cc) 0.163 1.25 2.11 0.12 

Tensile strength (MPa) 32.2 130 4137 15 

Modulus of elasticity (GPa) 1.28 413.68 206.84 1.5 

Stiffness (GPa) 0.23 55.15 8.27 9 

3.3 Proposed Composite for Bus Hatrack Assembly 

Following two materials are proposed as alternate material for ABS and polypropylene 

in hatrack assembly. Table 3.2 present their mechanical properties. Fig.3.1 depicts hatrack 

assembly made of the proposed material for buses of VECV Ltd. 

• Acrylic-styrene-acrylonitrile (ASA): This material can be better alternative to 

replace acrylonitrile butadiene styrene (ABS) because it is having better, mechanical, 

physical and thermal properties properties than ABS. It offers improved weather 

ability over ABS. Having better stability when exposed to ultraviolet light. ASA is 

alloyed with either poly-vinyl chloride (PVC) or AES (Centrex). These materials offer 

good retention of properties and appearance after prolonged exposure to sunlight. It  

exhibits excellent properties at low temperature. 

o Tensile strength: 23.43-41.36 MPa 
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o Flexural modulus: 1.378-2.06 GPa 

o Impact strength: 103 kJ/m2  

o Maximum operating temperature: 90 °C 

• Polycarbonate: Polycarbonate can be used to replace polypropylene which is major 

contributor to weight of hatrack assembly Polycarbonate is an amorphous material 

with excellent impact strength, clarity and optical properties. It is widely used and a 

wide variety of compounds are available. Polycarbonate is a victim of its own success 

as worldwide production capacity is not enough and there are currently long lead times 

for this material. Polycarbonate has excellent mechanical properties, and can be 

moulded to tight tolerances.  

▪ Tensile strength: 62.04-158.5 GPa 

▪ Flexural Modulus: 2.34-9.65 GPa 

▪ Impact Strength: 94 kJ/m2 

▪ Maximum Temperature: 190 °C 

Table 3.2: Properties of the proposed materials for bus hatrack. 

Property Acrylic-styrene-acrylonitrile (ASA) Polycarbonate 

Density (g/cc) 0.163  1.55  

Tensile strength (MPa) 41.36 40 

Flexural modulus (GPa) 2.06 9.65 

Impact strength (kJ/m2) 103 94 

 

Fig. 3.1: Proposed hatrack assembly of the buses manufactured by VECV Ltd. 
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3.4 Development of the Composite Material 

Following are methods to fabricate sandwich type of composite in which Balsa wood or 

SAN foam is to be used as core material. In the present work, vacuum bagging method 

was used to fabricate the selected composition of the composite. 

 

3.4.1 Vacuum Bagging Method 

This process uses atmospheric pressure to hold the adhesive or resin-coated 

components of a lamination in place until the adhesive cures.  Modern room-temperature-

curable adhesives help to make vacuum bag laminating techniques available to the average 

manufacturer by eliminating the need for the sophisticated and expensive equipment 

required for fabricating the composites. Effectiveness of the vacuum bagging process 

permits the laminating of a wide range of materials from traditional wood veneers, vinyl, 

balsa wood, PVC foam to synthetic fibers and core materials.  

3.4.2 Advantages of Vacuum Bagging: 

• Maximization of fibre-to-resin ratio: The reason that composites are used increasingly 

is the strength-to-weight advantages that they offer. Key to obtaining this advantage is 

maximizing the fibre-to-resin ratio. If excess resin exists in the laminate, the laminate 

will have more of the properties of resin only. If too little resin exists, places where the 

reinforcement is dry will cause weak spots. To optimize the resin content, the entire 

reinforcement must be saturated with resin with as little excess as possible. The 

technique of squeezing out excess resin to obtain a maximized fibre-to-resin content is 

the concept of bagging. Hand laminate may use in excess of 100% fabric weight 

by resin. A refined aerospace composite lamination will obtain as little as 40%. The 

http://www.fibreglast.com/category/Resins
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perfect combination for a given lamination in a sophisticated engineering composite 

fabrication is about 60% resin content. 

• Uniform distribution of holding pressure: Vacuum bagging process provides uniform 

distribution of pressure over the entire surface regardless of the type or quantity of 

material being laminated. This allows a wider range and combination of materials as 

well as a superior bond between the materials. Uniform clamping pressure in the 

vacuum bagging process across the laminate results in thinner, more consistent glue 

lines and fewer voids. Since, atmospheric pressure is continuous, it evenly presses on 

the joint as the adhesive spreads evenly within. Mechanical clamping or stapling 

applies pressure only to concentrated areas and can damage fragile core materials in 

one area while not providing enough pressure for a good bond in another. When placed 

in a closely spaced pattern, staples exert less than 5 psi of clamping force and then 

only in the immediate area of the staple. They cannot be used at all if lamination has to 

be done to foam or honeycomb core because of the core’s lack of holding power. In 

addition, extra adhesive is often required to bridge gaps that result from the uneven 

pressure of clamps and staples. 

• Resin content optimization: Vacuum bagging also provides the means to control 

excess adhesive in the laminate, resulting in higher fiber-to-resin ratios. This translates 

into higher strength-to-weight ratios and cost advantages for the composite 

manufacturer 

• Simple molds: Another advantage of vacuum bagging process is the simplicity and 

variety of the molds used. The atmospheric pressure is not only pushing down the top 

of the envelope, but it is also pushing up equally the bottom of the envelope or mold. 

Since, atmospheric pressure provides equal and even clamping pressure to the back of 

the mold, the mold only has to be strong enough to hold the laminate in its desired 

shape until the epoxy has cured. Therefore, most molds can be relatively light weight 

and easy to build. 

• Efficient laminating: Because all of the materials in the laminate are wet and laid up 

at the same time, vacuum bagging allows to complete the laminating process in one 

efficient operation. 

• Health and safety: The vacuum bag reduces the number of volatiles emitted during cure. 
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3.4.3 Vacuum Bagging Equipment  

The vacuum bagging system consists of the airtight clamping envelope and a method 

for removing air from the envelope until the epoxy adhesive cures. This process requires 

following equipment: 

• Vacuum pump: The heart of a vacuum bagging system is the vacuum pump. Powered 

vacuum pumps are mechanically similar to air compressors, but work in reverse 

manner so that air is drawn from the closed system and exhausted to the atmosphere. 

The size and shape of the mold and type and quantity of the material being laminated 

determines the minimum pump requirements. For laminating the flat panels consisting 

of a few layers of glass, flat veneers or a core material, 2.5–3 psi vacuum pressure can 

provide enough clamping pressure for a good bond between all of the layers. Fig.3.2 

shows vacuum pump used for fabrication of composite material: 

 

Fig. 3.2: Vacuum pump (from Value Vacuum Technology). 

Table 3.3: Specifications of vacuum pump. 

Free air Displacement 2.0 CFM 

Ultimate Vacuum 150 microns 

Voltage/Frequency 230V/50 HZ 

Power 1/4 HP 

 

• Vacuum bagging materials: A variety of other materials are needed to complete the 

vacuum bagging system and assist in the laminating process. The required materials 

were procured from the domestic market or readily accessible through hardware or 

automotive supply stores.  

• Release fabric or peel ply: Release fabric is a smooth woven fabric that will not bond 

to epoxy. It is used to separate the breather and the laminate. Excess epoxy can wick 
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through the release fabric and be peeled off the laminate after the laminate cures. It 

will leave a smooth textured surface that, in most cases, can be bonded to without 

additional preparation. Surfaces which are subjected to highly-loaded bonds should be 

sanded. A variety of release materials are produced specifically for vacuum bagging 

process. They may be known as release fabric, peel ply or release film. Many are 

designed for use at higher temperatures or to control the amount of resin that can pass 

through them.  

• Perforated film: A perforated plastic film may be used in conjunction with the release 

fabric. This film helps to hold the resin in the laminate when high vacuum pressure is 

used with slow curing resin systems or thin laminates. Perforated films are available in 

a variety of sizes of holes and patterns depending on the clamping pressure and the 

resin’s open time and viscosity. 

• Breather material: A breather (or bleeder) cloth allows air from all parts of the 

envelope to be drawn to a port or manifold by providing a slight air space between the 

bag and the laminate. It is a wide lightweight polyester blanket that provides air 

passage within the vacuum envelope and absorbs excess epoxy. A variety of other 

materials can be used such as mosquito screen, burlap, fiberglass cloth or a bubble 

type swimming pool cover. 

• Vacuum bag: The vacuum bag, in most cases, forms half of the airtight envelope 

around the laminate. If vacuum pressure of less than 5 psi is used at room 

temperatures, polyethylene plastic can be used for the bag. Clear plastic is preferable 

to an opaque material to allow easy inspection of the laminate as it cures. For higher 

pressure and temperature applications, specially manufactured vacuum bag material 

should be used. A wrinkled type film is available from Film Technology, Inc. Its 

special texture is designed to channel air and eliminate the need for breather fabric the 

vacuum bag should always be larger than the mold and allow for the depth of the 

mold. When a bag wider than the standard width is needed, a larger bag can be created 

by splicing two or more pieces together with mastic sealant. Vacuum bag mold 

prepared in the experiment has been shown in Fig.3.3 
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Fig. 3.3: Vacuum bag mold used to develop the composite material. 

• Mastic sealant: Mastic is used to provide a continuous airtight seal between the bag 

and the mold around the perimeter of the mold. The mastic may also be used to seal 

the point where the manifold enters the bag and to repair leaks in the bag or plumbing. 

Generally, better the airtight seal between the mold and bag material, smaller is the 

pump needed. Poor seals, or material which allows air leaks, will require a larger 

capacity pump to maintain satisfactory vacuum pressure. 

• Plumbing system: The plumbing system provides an airtight passage from the vacuum 

envelope to the vacuum pump, allowing the pump to remove air from and reduce air 

pressure in the envelope. A basic system consists of flexible hose or rigid pipe, a trap, 

and a port that connects the pipe to the envelope. A more versatile system includes a 

control valve and a vacuum throttle valve that allow you to control the envelope 

vacuum pressure at the envelope. A system is often split to provide several ports on 

large laminations, or may include some type of manifold within the envelope to help 

channel air to a single port. A variety of pipe or tubing can be used for plumbing as 

long as it is airtight and resists collapsing under vacuum. 

• Mold release: Mold release is essential for preventing the epoxy from sticking to the 

mold when laminating a part. There are generally three types of mold release used 

depending on the mold material and desired characteristics of the finished part. 
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Figures 3.4 and 3.5 show the vacuum bagging equipment required for fabrication of 

composite material by vacuum bagging method in the present work.  

Fig. 3.4: Schematic of vacuum bag with vacuum bagging materials. 

 

Fig. 3.5: Setup of the vacuum bagging setup. 

3.4.4 Procedure of Fabrication of the Composite 

The flow chart of fabrication of composite material is shown below: 
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3.5 Calculation of Weight of the Developed Composite 

Density of existing material in VECV Ltd. Bus flooring =0.65 g/cc 

• D1=density of balsa wood (0.163 g/cc) 

• D2=density of epoxy resin (1.25 g/cc) 

• D3=density of glass fibre (2.11 g/cc) 

• D4=density of SAN foam (0.12 g/cc) 

• D = density of composite material 

• W1 = weight fraction of balsa wood 

• W2 = weight fraction of epoxy resin 

• W3 = weight fraction of glass fibre 

• W4 = weight fraction of SAN foam 

3.5.1 For Single Layer Fibre on Balsa Wood as Core Material  

𝐷 =
1

𝑊1
𝐷1 +

𝑊2
𝐷2 +

𝑊3
𝐷3
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𝐷 =
1

0.6
0.16 +

0.16
2.1 +

0.24
1.15

 

D = 0.24 g/cc 

Change in density = (0.65 - 0.24) = 0.41g/cc 

Percentage reduction in density =  
(0.65 − 0.24)

0.65
𝑋 100 = 63% 

3.5.2 For Double Layer Fibre on Balsa Wood as Core Material  

𝐷 =
1

𝑊1
𝐷1 +

𝑊2
𝐷2 +

𝑊3
𝐷3

 

𝐷 =
1

0.36
0.16 +

0.28
2.1 +

0.36
1.15

 

D = 0.3709 g/cc 

Change in density = (0.65 - 0.3709) = 0.2791g/cc 

Percentage reduction in density =  
(0.65 − 0.2791)

0.65
𝑋 100 = 42.93% 

 

3.5.3 For Single Layer Fibre on SAN foam as Core Material  

𝐷 =
1

𝑊4
𝐷4 +

𝑊2
𝐷2 +

𝑊3
𝐷3

 

𝐷 =
1

0.318
0.12 +

0.36
2.1 +

0.318
1.15

 

D = 0.323 g/cc 

Change in density = (0.65 - 0.323) = 0.327g/cc 

Percentage reduction in density =  
(0.65 − 0.323)

0.65
𝑋 100 = 49.6% 

3.5.4 For Double Layer Fibre on SAN foam as Core Material  

𝐷 =
1

𝑊4
𝐷4 +

𝑊2
𝐷2 +

𝑊3
𝐷3

 

𝐷 =
1

0.218
0.12 +

0.5
2.1 +

0.281
1.15

 

D = 0.436 g/cc 
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Change in density = (0.65 - 0.436) = 0.2133g/cc 

Percentage reduction in density =  
(0.65 − 0.436)

0.65
𝑋 100 = 32.92% 

Table 3.4: Densities of fabricated composite materials: 

Weight  Balsa wood SAN foam Plywood 

material Single layer Double layer Single layer Double layer 

Density (g/cc) 0.24 0.3709 0.323 0.436 0.65 

Change in 

density 

0.41 0.2791 0.327 0.2133 

Percentage 

reduction in 

density 

63% 42.93% 49.6% 32.92% 
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Chapter 4 

Results and Discussions  

4.1Tensile Test   

      Tensile test is conducted for several reasons. The results of tensile tests are used in 

selecting materials for engineering applications. Tensile properties frequently are included 

in material specifications to ensure quality. Tensile properties often are measured during 

development of new materials and processes, so that different materials and processes can 

be compared. Finally, tensile properties often are used to predict the behavior of a material 

under forms of loading other than uniaxial tension. The strength of a material often is the 

primary concern. The strength of interest may be measured in terms of either the stress 

necessary to cause appreciable plastic deformation or the maximum stress that the material 

can withstand.  

Tensile Specimens and Testing Machines: Tensile testing procedure has unique method 

of sample preparation. All samples preparation and testing is performed in accordance 

with requirements adopting the most appropriate specification such as ASTM, AMS, 

ASME. In the present work, flat tensile test samples were prepared. The standard tensile 

test sample for flat specimen as defines by ASTM International is depicted in Fig.4.1 and 

Fig.4.2 represents tensile test machine 

Fig.4.1: Tensile specimen of the developed composite material. 
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Fig. 4.2: Tensile testing machine of Tinius Olsen. 

4.1.1 Tensile Test Results of Single Layer SAN Foam as Core Material 

Prepared sample and strength obtained in tensile test of single layer SAN foam as core 

material are depicted in Fig. 4.3 and Fig. 4.4 respectively 

 

Fig. 4.3: Prepared specimen for single layer SAN foam composite material.  

 

Fig. 4.4: Graph between stress and strain for single layer SAN foam composite in tensile 

loading. 
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4.1.2 Tensile Test Results of Double Layer SAN Foam as Core Material 

    Prepared sample and strength obtained in tensile test of double layer SAN foam as core 

material are depicted in Fig.4.5 and Fig.4.6 respectively 

 

Fig. 4.5: Prepared specimen for double layer SAN foam composite material.   

 

Fig. 4.6: Graph between stress and strain for double layer SAN foam composite in tensile 

loading. 

4.1.3 Tensile Test of Composite Material having Balsa wood as Double Layer Core 

Material  

Prepared sample and strength obtained in tensile test of double layer balsa wood as core 

material are depicted in Fig.4.7 and Fig.4.8 respectively 

 

Fig. 4.7: Prepared specimen for double layer balsa wood composite material. 
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Fig. 4.8: Graph between stress and strain for double layer balsa wood composite in tensile 

loading. 

4.1.4 Tensile Test of Composite Material having Balsa wood as Single Layer Core 

Material  

Prepared sample and strength obtained in tensile test of single layer balsa wood as co re 

material are depicted in Fig. 4.9 and Fig. 4.10 respectively 

 

Fig. 4.9: Prepared specimen for single layer balsa wood composite material. 

 

Fig.4.10: Graph between stress and strain for single layer balsa wood composite in tensile 

loading. 
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4.2 Compression Test 

A compression test is any test in which a material experiences opposing forces that 

push inward upon the specimen from opposite sides or is otherwise compressed, 

“squashed”, crushed, or flattened. The test sample is generally placed in between two 

plates that distribute the applied load across the entire surface area of two opposite faces of 

the test sample and then the plates are pushed together by a universal test machine causing 

the sample to flatten. A compressed sample is usually shortened in the direction of the 

applied forces and expands in the direction perpendicular to the force. 

Compression Specimens: The standard compression test sample for compression test of 

composite material is of cubical in dimension.  

4.2.1 Compression Test of Composite having Balsa Wood as Single Layer Core 

Material 

Prepared sample of (8X8X8) dimension and strength obtained in compression test of 

single layer balsa wood as core material are depicted in Figs. 4.11 and 4.12 respectively 

 

Fig. 4.11: Prepared compression specimen for single layer balsa wood composite material. 

 

Fig. 4.12: Graph between stress and strain for balsa wood single layer in compression 

loading. 
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4.2.2 Compression Test of Composite Material having Balsa wood as Double Layer 

Core Material 

Strength obtained in compression test of double layer balsa wood as core material is 

depicted in Fig.4.13 

Tensile Strength: 160 MPa 

 

            Fig. 4.13: Graph between stress and strain for balsa wood double layer in 

compression loading. 

4.2.3 Compression Test of Composite Material having SAN foam as Double Layer 

Core Material 

Prepared sample of (6X6X6) dimension and strength obtained in compression test of 

double layer SAN foam as core material are depicted in Fig.4.14 and Fig.4.15 respectively 

 

Fig. 4.14: Prepared compression specimen for double layer SAN foam composite 

material. 
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Fig. 4.15: Graph between stress and strain for SAN foam double layer composite material 

in compression loading. 

4.2.4 Compression Test of Composite Material having SAN foam as Single Layer 

Core Material 

Strength obtained in compression test of single layer SAN foam as core material is 

depicted in Fig.4.16 

Compressive Strength: 275 MPa

 

Fig. 4.16: Graph between stress and strain for SAN foam single layer composite material 

in compression loading. 

4.3 Impact Test 

The purpose of impact testing is to measure an object's ability to resist high-rate 

loading. It is usually thought of in terms of two objects striking each other at high relative 

speeds. A part or material's ability to resist impact often is one of the determining factors 

in the service life of a part, or in the suitability of a designated material for a particular 
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application. Impact resistance can be one of the most difficult properties to quantify. The 

ability to quantify this property is a great advantage in product liability and safety. 

Impact Test Specimens: Impact testing most commonly consists of Charpy and Izod 

specimen configurations. The standard test sample for Izod and Charpy Impact test as 

defines by ASTM International and Impact Testing Machine have been shown in Fig.4.16 

and Fig.4.17. 

 

(a)                                                                (b) 

Fig. 4.17: Standard test samples to determine its toughness (using ASTM International): (a) Izod 

test sample; and (b) Charpy test sample. 

 

Fig. 4.18: Impact testing machine (Model: Impact 104 from Tinius Olsen) 
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4.3.1 Charpy Test for Single Layer Fibre with SAN foam as core Material  

Toughness Strength obtained in Charpy impact test of single layer SAN foam as core 

material is: 71.302 kJ/m2 

 

Fig. 4.19: Izod test samples for SAN foam composite material. 

4.3.2 Charpy Test for Double Layer Fibre with SAN foam as core Material  

Toughness Strength obtained in Charpy impact test of double layer SAN foam as core 

material is: 120.602 kJ/m2 

 

Fig. 4.20: Charpy test samples for SAN foam composite material. 

4.3.3. Charpy Test for Double Layer Fibre with Balsa Wood as core Material  

Toughness Strength obtained in Charpy impact test of single layer balsa wood as core 

material is: 101.213 kJ/m2 

 

Fig. 4.21: Charpy test samples for balsa wood composite material. 

4.3.4 Charpy Test for Single Layer Fibre with Balsa Wood as core Material  

Toughness Strength obtained in Charpy impact test of single layer balsa wood as core 

material is: 39.824 kJ/m2 

 

Fig. 4.22: Charpy test samples for balsa wood composite material. 
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4.4 Analysis of the Results 

Results obtained through different mechanical tests on developed composite material 

have been summarized below in the table 4.1: 

Table 4.1: Results obtained after conducting mechanical tests 

Mechanical testing 

 

Balsa wood SAN foam 

Single layer Double layer Single layer Double layer 

Tensile strength (MPa) 24 350 12 28 

Compressive strength 

(MPa) 

22 160 275 500 

Impact (kJ/m2) 39.824 

 

101.213 71.3072 120.602 

 

Following inferences can be made by studying the results obtained by experiments: 

Mechanical Properties: Mechanical Properties of developed composite material is better 

than existing material (Plywood) in bus flooring of VECV Ltd. 

Tensile Strength: Tensile strength of plywood material is in Between 25-31 MPa. And 

tensile strength of developed composite material of balsa wood double layer and SAN 

foam double layer composite material are 350 MPa and 28 MPa respectively. It means that 

tensile strength of these materials is better than plywood material. 

Compressive Strength: Compressive strength of plywood material is about 40MPa. And 

compressive strength of developed composite material of balsa wood double layer and 

SAN foam double layer composite material are 160 MPa and 500 MPa respectively which 

is better than plywood material. Compressive strength obtained in both of double layer 

composite material is even better than steel. And compressive strength of SAN foam 

single layer composite material is also better than plywood material. Hence single layer of 

SAN foam composite material can be used for lower flooring of buses. 

Impact Strength: Impact strength of plywood material is about 18 kJ/m2 in Charpy test. 

And impact strength of all the developed composite material is better than plywood 

material as it can be seen from the table 4.1. 

Chemical Properties: Chemical properties of developed composite are better than 

plywood material. Some chemical properties are given below: 

1 fire resistance of developed composite material is better than plywood material. Flash 

point of epoxy resin is about 120°C. Whereas plywood material can sustain only up to 

90°C. 

2 Epoxy resin used in fabrication of composite material is not hazardous to health. 
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3 Chemically stable structure. 

4 Good whether ability 

Weight Reduction: Weight reduction in case of single layer SAN foam is 49.06%. and 

compressive strength obtained is also better than plywood material, so it can be used as 

alternative material for lower bus flooring because lower bus flooring are subjected to 

compressive loading. Therefore it can be concluded that for lower flooring of buses, single 

layer SAN foam composite is best option. And for roof of buses double layer of either 

SAN foam or double layer of balsa wood composite material can be used with weight 

reduction of 32.92% and 42.93% respectively. 
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Chapter 5 

Conclusions and Scope for Future Work 

This chapter presents the conclusions of the present work along with mentioning 

directions for the future work. 

6.1 Conclusions 

Following conclusions can be made from the present work:  

• Weight reduction in case of double layer composite material with SAN foam as core 

material is about 32.92% and the mechanical test results are meeting the expectations 

as desired. 

• Weight reduction in case of double layer composite material with Balsa wood as core 

material is about 42.93% and the mechanical test results are meeting the expectations 

as desired. 

• Weight reduction in case of single layer composite material with SAN foam as core 

material and weight reduction in case of single layer composite material with Balsa 

wood as core material are satisfactorily about 63% and 49.9% respectively. But the 

mechanical results obtained are not much well enough to go for this as an alternate 

material for bus flooring. 

• Generally, cost of composite structure is more compared to single one but considering 

that the weight reduction is significant in composite material, it can be economically 

feasible to replace the plywood structure by composite material.  

• The cost of Balsa wood specimen (having dimensions 1000 mm X 100 mm X 1.5 

mm) is approximately ₹130 and cost of plywood specimen (having dimensions 1000 

mm X 100 mm X 1.5mm) is ₹80. It can be concluded that cost of Balsa wood is more 

than plywood but as weight reduction is considered more significant, it will be 

feasible to replace plywood with Balsa wood composite material. The cost of Balsa 

wood may further be reduced if Balsa wood is purchased in bulk instead of piecemeal 

basis.  

• Weight can further be reduced by replacing polypropylene and ABS materials by 

polycarbonate and ASA respectively in bus hatrack assembly. Because major part of 

hatrack assembly is made of polypropylene and ABS materials. 
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6.2 Scope for the Future Work 

There is a sufficient scope for future work. Some of the directions for the future work 

are as follows: 

• More efficient and more compact composite material can be fabricated by using 

advanced vacuum bagging method in sophisticated laboratory so that strength 

obtained is more than what is achieved by this experiment. 

• Further strength and compatibility can be improved by incorporating more than one 

core material in sandwich structure with sole effect of reduction in weight. 

• This research will bolster researcher to encounter new research in development of 

advanced composite material.  

• This research enables the way for replacing the metallic parts by composite material 

from the automotive industry including buses, trains, aero planes etc. to reduce the 

weight without compromising strength. 

• This research work also facilitates development of metallic and composite combined 

structure for automotive industry. 

• Future work can be focus on changing to new orientation of glass fiber and by 

changing the type of epoxy resin to fabricate more compatible composite structure. 
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