Chapter 34: Plastics — Properties, Manufacturing,
Reinforced Polymers, Uses

Introduction

Plastics have revolutionized the construction and civil engineering industries
due to their lightweight nature, ease of fabrication, corrosion resistance, and
versatility. As synthetic organic materials, plastics are polymers that can be
molded into desired shapes under heat and pressure. Their applications range
from piping and flooring to advanced structural composites. Understanding their
properties, manufacturing processes, and engineering applications is essential
for civil engineers to make informed material choices, especially in modern
infrastructure projects.

1. Classification of Plastics

Plastics are broadly classified based on their thermal behavior into:

1.1 Thermoplastics

e Soften on heating and harden on cooling (reversible process).

e Can be reshaped multiple times.

o Examples: Polyethylene (PE), Polypropylene (PP), Polyvinyl chloride
(PVCQ), Polystyrene (PS), Polymethyl methacrylate (PMMA), Nylon.

o Applications: Water tanks, pipes, packaging, insulation.

1.2 Thermosetting Plastics

¢ Undergo permanent chemical change when heated.

e Cannot be remolded after setting.

o Examples: Phenol-formaldehyde (Bakelite), Urea-formaldehyde, Epoxy
resins, Melamine.

e Applications: Electrical fittings, laminates, adhesives, matrix in fiber-
reinforced composites.

2. Properties of Plastics

Understanding the engineering properties of plastics is critical to assessing their
suitability in construction and structural applications.



2.1 Mechanical Properties

o Tensile Strength: Generally lower than metals but can be improved with
reinforcement.

¢ Impact Resistance: High in certain plastics like polycarbonate.

e« Hardness: Varies; thermosets like melamine are harder than thermoplas-
tics.

e Creep: Plastics exhibit significant creep under sustained loading, especially
thermoplastics.

2.2 Thermal Properties

e Low Thermal Conductivity: Makes them excellent insulators.

o Glass Transition Temperature (Tg): Temperature below which plastic
behaves as a brittle material.

e Melting Point: Thermoplastics melt; thermosets char or decompose.

2.3 Chemical Properties

o Corrosion Resistance: Highly resistant to acids, alkalis, and atmospheric
gases.

¢ Chemical Compatibility: Important in applications involving solvents
or oils.

2.4 Electrical Properties
o Excellent electrical insulators.
o Used extensively in cable sheathing and switchgear.

2.5 Aesthetic and Physical Properties

e Available in various colors and surface finishes.
o Lightweight, flexible, and can be transparent or opaque.

3. Manufacturing Processes of Plastics

The method of forming plastics is chosen based on type (thermoplastic or
thermoset), shape, volume, and application.

3.1 Polymerization Methods

¢ Addition Polymerization: Monomers add without by-products (e.g.,
polyethylene).

e Condensation Polymerization: Monomers react with by-products like
water (e.g., Bakelite).



3.2 Molding Techniques

a.

4.

Injection Molding

e Molten plastic is injected into a mold cavity under pressure.
¢ Used for mass production of complex shapes (e.g., containers, parts).

. Compression Molding

o Plastic is placed in a heated mold, pressure is applied to shape and cure it.
e Common for thermosetting plastics (e.g., electrical switches).

. Extrusion
¢ Continuous shaping by forcing molten plastic through a die.
e Pipes, rods, and sheets are produced.
. Blow Molding
e Used to form hollow plastic products like bottles by inflating hot plastic in
a mold.
. Rotational Molding
o Powdered plastic is rotated in a mold that’s heated, forming hollow parts
(e.g., tanks).
Thermoforming
« A plastic sheet is heated and formed over a mold using vacuum/suction.
Reinforced Polymers (Fiber-Reinforced Plastics - FRP)

Fiber-reinforced plastics are composite materials consisting of a polymer matrix
reinforced with fibers, offering superior strength-to-weight ratios.

4.1 Components

e Matrix: Resin (epoxy, polyester, vinyl ester).
¢ Reinforcement: Fibers (glass, carbon, aramid).

4.2 Types of FRPs

¢ GFRP - Glass Fiber Reinforced Plastic: Good corrosion resistance, cost-
effective.

e CFRP - Carbon Fiber Reinforced Plastic: High strength, lightweight,
expensive.



e AFRP — Aramid Fiber Reinforced Plastic: High impact resistance, used
in ballistic applications.

4.3 Manufacturing Methods

e Hand Lay-Up: Manual layering of fiber and resin.

¢ Spray-Up: Chopped fibers and resin sprayed into a mold.

e Pultrusion: Continuous process for producing rods, beams.

o Filament Winding: Fibers are wound onto a mandrel for cylindrical
parts.

4.4 Advantages

e High tensile strength and modulus.

o Light weight.

¢ Chemical and environmental resistance.
o Excellent fatigue behavior.

5. Applications of Plastics in Civil Engineering

Plastics and polymer composites have a wide range of uses in civil engineering
due to their unique characteristics.

5.1 Structural Applications

e Fiber-reinforced plastic beams, plates, rods.
o GFRP rebars as corrosion-resistant reinforcement in concrete.
¢ CFRP wrapping for structural retrofitting.

5.2 Piping Systems
« PVC, HDPE, and CPVC pipes used for water supply, drainage, and
sewerage.
o Resistant to corrosion, scaling, and biological attack.
5.3 Building Components
o Window frames, doors, roofing sheets (polycarbonate), partitions.
o Lightweight panels and cladding materials.
5.4 Flooring and Finishing

e Vinyl tiles, acrylic floor coatings.
e Decorative laminates.



5.5 Waterproofing and Insulation

¢ Plastic membranes, geomembranes for waterproofing basements and ter-
races.
o Expanded polystyrene (EPS) and polyurethane foam (PUF) for insulation.

5.6 Road and Pavement Applications
o Use of waste plastic in bituminous roads to improve durability.
¢ FRP manhole covers and drain grates.

5.7 Miscellaneous Uses

o Water storage tanks.
e Cable sheathing and insulation.
 Construction formwork (reusable plastic shuttering).

6. Modern Trends in Use of Plastics in Civil Engineering
6.1 Use of Plastics in Green Building Technology

¢ Recycled plastics are increasingly used in eco-friendly construction.

o Plastic lumber is a substitute for timber in non-structural applications like
fencing, decking, and park benches.

e Insulation materials made from expanded polystyrene and polyurethane
foams improve thermal efficiency.

e Use of transparent polycarbonate sheets and films in skylights reduces
lighting energy.

6.2 Smart Plastics

« Integration of smart materials and sensors within plastic matrices (e.g.,
strain-sensing composites) helps monitor structural health.

o Plastics embedded with phase change materials (PCMs) regulate
building temperature.

¢ Photochromic and thermochromic plastics used in smart windows
that respond to environmental changes.

7. Environmental Impact and Sustainability
7.1 Challenges

o Plastics are non-biodegradable and persist in the environment.
e Incineration produces harmful gases like dioxins unless done in controlled
environments.



e Leaching of additives from plastics into soil and water poses ecological
risks.

7.2 Waste Management Solutions

¢ Recycling: Thermoplastics can be re-melted and reused. Thermosets are
typically ground and used as filler material.

e Use in Road Construction: Recycled plastic waste is mixed with
bitumen to improve road life, reduce rutting and cracking, and utilize
plastic waste efficiently.

¢ Plastics-to-Fuel: Pyrolysis and gasification of plastic waste for energy
recovery.

7.3 Sustainability Benefits

¢ Long life and low maintenance: Reduces replacement frequency and
associated environmental costs.

e Lightweight: Reduces transport fuel and construction energy consump-
tion.

o Corrosion resistance: Extends the lifespan of water and sewage infras-
tructure.

8. Durability and Long-Term Performance of Plastics
8.1 Factors Affecting Durability

e UV degradation: Long exposure to sunlight causes discoloration, brittle-
ness.

o Thermal aging: Repeated temperature fluctuations can cause embrittle-
ment.

¢ Moisture and chemical attack: Some plastics degrade in harsh chemical
environments or swell with water absorption.

8.2 Enhancing Longevity

o Additives like UV stabilizers, antioxidants, and flame retardants improve
durability.

e Surface coatings or laminates (like gel coats) enhance resistance to
weathering.

¢ Designing with safety factors: Ensures plastic components can with-
stand expected loads with deterioration over time.




9. Testing and Evaluation of Plastics

To ensure reliability, plastics undergo various laboratory tests for physical,
mechanical, and environmental properties.

9.1 Mechanical Tests

o Tensile Strength Test (ASTM D638): Measures resistance to breaking
under tension.

o Flexural Test (ASTM D790): Bending resistance of plastics.

o Impact Test (Izod or Charpy): Measures energy absorbed during fracture.

o Hardness Test (Shore Durometer): Measures surface resistance to inden-
tation.

9.2 Thermal Tests

e Vicat Softening Temperature (VST): Temperature at which plastic
softens.

« Heat Deflection Temperature (HDT): Temperature at which plastic
deforms under load.

o Thermogravimetric Analysis (TGA): Analyzes degradation tempera-
tures.

9.3 Chemical Resistance Tests
o Immersion in acids, alkalis, and solvents over a period to measure changes
in mass, dimensions, and strength.

9.4 Environmental Aging Tests

¢ UV Weathering Chambers: Simulate prolonged sun exposure.

e Salt Spray Tests: Evaluate corrosion effects on reinforced plastic systems.

e Freeze-Thaw Cycles: Assess performance under extreme climate condi-
tions.

10. Codes and Standards

Various national and international codes govern the use and testing of plastics
in civil engineering.

10.1 Indian Standards (IS)

e IS 10146: Polyethylene in contact with foodstuffs and drinking water.
e IS 4985: Unplasticized PVC pipes for potable water.
o IS 12235: Testing methods for plastic pipes.



10.2 ASTM Standards

ASTM D638: Tensile properties of plastics.
ASTM D790: Flexural properties.
ASTM D256: Impact resistance.

10.3 BIS and IRC Guidelines

11.

BIS prescribes standards for plastic manhole covers, tanks, and plumbing
materials.

IRC guidelines recommend use of waste plastic in flexible road pavement
design.

Limitations of Plastics in Civil Engineering

While plastics offer many benefits, engineers must be aware of their constraints:

12.

Low Modulus of Elasticity: Limits load-bearing applications unless
reinforced.

Thermal Expansion: High compared to metals or concrete; must be
accounted for in design.

Flammability: Most plastics are combustible unless treated with fire-
retardant additives.

Deformation under Load: Time-dependent creep behavior in thermo-
plastics can lead to shape distortion.

Innovations in Plastic-Based Civil Structures

Prefabricated plastic modular housing systems are being developed
in disaster-prone and remote areas.

FRP bridges: Lightweight pedestrian bridges made with GFRP or CFRP
beams and decks.

Plastic-reinforced earth structures: Geogrids made of high-density
polyethylene are used in slope stabilization and retaining walls.

Plastic Concrete Forms: Reusable, lightweight alternatives to wooden
shuttering; moisture and termite-resistant.
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