2.

'CONTENTS

INTRODUCTION

: 5 8
=2

1.2.5:
1.3,

2.1
2.2.
2:3.
24.
2.5.
2.6.
2.7,
2.8.
29

2.10.
21k

Classification of Engineering Materials
Properties of Materials

1.2.1. Physical properties

1.2.2. Mechanical properties

1.2.3. Electrical properties

1.2.4. Magnetic properties

Chemical properties

Properties of Building Materials
Objective Type Questions

Theoretical Questions

BUILDING STONES

Introduction

Classification of Rocks

Common Rock Forming Minerals
Characteristics of Good Building Stones
Uses of Stones and their Selection
Deterioration of Stones

Preservation of Stones

Testing of Stones

Common Building Stones, their Composition, Properties,
Uses and Occurence

Natural Bed of Stone

Quarrying of Building Stones

2.11.1.Quarrying-location

_ 2.11.2.Quarrying-terminology

242,

9.

2.11.3.Methods of quarrying
2.11.4.Explosives-composition, characteristics and uses
2.11.5.Storing and handling of explosives-precautions
Artificial Stones

2.12.1.Manufacturing of artificial stone

2.12.2. Varieties of artificial stones

2.12.3. Advantages of artificial stones

Dressing of Stones

Highlights

Objective Type Questions

Theoretical Questions

BRICKS AND OTHER CLAY PRODUCTS

3,
L
S

Introduction

Comparison of Stone and Brick

Constitutents of Brick Earth

3.3.1. Chemical composition of brick earth
3.3.2. Functions of constituents of brick earth
3.3.3. Harmful ingredients in brick earth

Pages

[y
|

[—

(—)]

- .
O O 0000 W W -

11-35

11
12
13
14
14
15
15
18

22
22
23
23
23
26
28
28
28
28
29
30
32
32
34

36-70

36
36
37
37
37
38



3.4. Requirements of a Good Brick Earth 38

3.5. Field Testing of Brick Earth 39
3.6. Manufacture of Bricks 40
3.6.1. Preparation of clay 40

3.6.2. Moulding of bricks 41
3.6.2.1. Hand moulding 41

3.6.2.2. Machine mouldir g 43

3.6.3. Drying of bricks 43

3.6.4. Burning of bricks 44

3.7. Qualities of Good Bricks 49
3.8. Classification of Bricks 50
3.9. Tests for Bricks 52
3.10. Special Bricks 53
3.11. Building Tiles 58
3.11.1.Manufacture of tiles 59
3.11.2.Characteristics of a good tile 60
3.11.3.Types of tiles 61
3.11.4.Specifications of building tiles 63

3.12. Earthenware and Stoneware 64
3.12.1.Earthenware 64

© 3.12.1.1. Terra-cotta 64

3.12.1.2. Porcelain 65
3.12.2.Stoneware 65

3.13. Glazing , 65
Highlights 66
Objective Type Questions 67
Theoretical Questions 69
LIME 71-85
4.1. Introduction 71
4.2. Sources of Lime 71
4.3. Properties of Lime 72
4.4. Uses of Lime 72
4.5. Important Technical Terms 72
4.6. Constituents of Limestones 73
4.7. Classification of Limes 74
4.8. Manufacture of Lime 76
4.9. Determining the Slaking Nature of Lime 80
4.10. Precautions in Handling of Lime 80
4.11. Storage of Lime 80
4.12. Testing of Limestones 80
4.12.1.Physical test 81
4.12.2.Chemical tests 81

4.12. Pozzolanic Materials 81
4.12.1.Introduction _ : 81
4.12.2.Properties and uses ' 82
4.12.3.Types of pozzolanic materials - 82
Highlights 83

Objective Type Questions 83

Theoretical Questions 84



51,
5.2
5.3.
54.
5.5.
5.6.
57,
5.8.
5.9.

5.10.
5.1L
i ds

315
5.14.
= &
5.16.

" 5§, CEMENT

Introduction

Classification

Properties of Cement

Uses of Cement

Comparison between Cement and Lime
Chemical Constituents of Cement
Functions of Ingredients of Cement
Site for Cement Factory

Manufacture of Portland Cement

5.9.1. Composition of cement clinker
Setting and Hardening of Cement
Testing of Portland Cement

Types of Cement

5:12.1.Portland cements

5.12.2.0ther varieties of cement
Storage of Cement

Cement Water Proofers

Admixtures =2
Various Cement Products—Their Trade Names, Uses and Distributors
Highlights

Objective Type Questions

Theoretical Questions

6. MORTAR

6.1,
6.2.
6.3.
6.4.
6.5.
6.6.

6.7.
6.8.

Introduction
Functions of Mortar
Properties of a Good Building Mortar
Uses of Mortar
Ingredients of Mortars
Types of Mortars
6.6.1. Cement mortars
6.6.2. Lime mortars
6.6.3. Lime-cement mortars
6.6.4. Special mortars
6.6.4.1. Mud mortar
6.6.4.2. Cement-clay mortar
6.6.4.3. Light weight and heavy mortars |
6.6.4.4. Decorative mortars % A
6.6.4.5. Air entrained (plasticized) mortar
6.6.4.6. Gypsum mortar
6.6.4.7. Fire-resisting mortars
6.6.4.8. Packing mortar
6.6.4.9. Sound absorbing mortar
6.6.4.10. X-ray shielding mortar
Precautions in the Use of Mortars
Tests for Mortars
6.8.1. Adhesiveness to building units test
6.8.2. Crushing strength test
6.8.3. Tensile (or cohesive) strength test

86-111

86
86
87
87
87
87
88
89
89
92
93
94
99
99
101
104
105
105
105
107
107
110

112-132

112
112
113
113
113
115
116
117
119
120

120 |

120
120
121
121
121
121
121
121
121
121
122
122
122
123



6.9.
6.10.

6.11.

6.8.4. Setting time test
Selection of Mortars for Different Engineering Works
Plastering
6.10.1.0bjects of plastering
6.16.2.Tools of plastering
6.10.3.Lime plastering
6.10.4.Cement plastering
6.10.5.Stucco Plastering
6.10.6 Special type of finishing
6.10.7 Special materials used in plastering
6.10.8 Defects in plaster work
6.10.9.Plaster boards
Pointing
6.11.1.Procedure of pointing
6.11.2.Forms of pointing
Highlights
Objective Type Questions
Theoretical Questions

7. CONCRETE

d,
7.2.
13
7.4.
15.

7.6.

.7
7.8.
7.9.
7.10.

Introduction

Characteristics of Good Concrete
Advantages and disadvantages of Concrete
Uses of Concrete

Classification of Concretes

7.5.1. According to binding materials

7.5.2. According to design

7.5.3. According to purpose

Plain Cement Concrete

7.6.1. Ingredients

7.6.2. Bulking of sand

7.6.3. Water-cement ratio

7.6.4. Grading of aggregates

7.6.5. Methods of proportioning concrete
7.6.6. Mixes used in concrete works

7.6.7. Workability

7.6.8. Preparation of Plain Cement Concrete

7.6.8.1. Selection, storing and batching of ingredients

7.6.8.2. Mixing of ingredients

7.6.8.3. Transportation of concrete
7.6.8.4. Placing of Concrete

7.6.8.5. Compaction of concrete
7.6.8.6. Finishing of concrete surfaces
7.6.8.7. Curing of concrete

7.6.8.8. Principle of hardening of cement concrete

Properties of Cement Concrete
Water-proof Concrete

Precast Concrete

Reinforced Cement Concrete

123
123
124
124
124
125
126
126
126
127
127
128
129
129
130
130
131
132
133-182

133
133
134
134
135
135
136
137
139
139
140
141
142
142
145
145
148
148
148
150
150
151
151
152
153
153
155
155
156



7.11

12

1513
7.14.
1.15.
7.16.
% 7
7.18.
7.19.
7.20.
7.21.
1.22.
T2

7.10.1.Introduction
7.10.2.Properties
7.10.3.Advantages and disadvantages and uses
7.10.4.Basic assumptions
7.10.5.Causes of failure of reinforced cement stmcmres
Prestressed Concrete
7.11.1.Introduction .
7.11.2. Advantages
7.11.3.Applications
7.11.4.Materials for prestressed concrete
7.11.5.Prestressing systems / methods
Special Concretes
7.12.1 Ferrocement
7.12,2 Fibre-reinforced concrete (FRC)
7.12.3 Polymer concrete

7.12.4 Superplasticized concrete

7.12.5.Ultra high strength concrete
7.12.6.Sulphur-impregnated concrete
7.12.7.Gap-graded concrete

Concreting Under Water

Placing Concrete in Cold water

Placing Concrete in Hot-weather
Deterioration of Concrete and its Prevention
Admixtures

Joints in Concrete

Formwork

General Precautions in Cement Concrete Construction

Hollow Block Partitions of Concrete (or Clay, Terra-cotta)

Strenght of Concrete
Quality Control of Concrete
Highlights

Objective Type Questions
Theoretical Questions

8. TIMBER AND WOOD-BASED PRODUCTS

8.1.

8.2.
8.3.
84.

8.5.
8.6.

8.7.
8.8.
8.9.

Introduction

Characteristics of Good Timber
Advantages and Disadvantages of Timber
Uses of Timber

Classification of Trees

Structure and Growth of Tree

8.6.1. Structure of tree

8.6.2. Growth of tree

Felling of Trees

Defects in Timber

Seasoning of Timber

8.9.1. Introduction

8.9.2. Objects of seasoning

8.9.3. Advantages of seasoning

8.9.4. Methods of seasoning of timber

156
156
156
157
157
158
158
158
159
159
160
161
161
163
164
165
165
166
166
166
167
168
169
170
172
173
174
175
175
176
177
177
183

184-215

184
184
185
186
186
187
187
188
188
189
192
192
192
192
193



8.9.4.1. Natural seasoning 193

8.9.4.2. Artificial seasoning ' P - s
8.10. Decay of Timber i ey L 196
8.10.1.Diseases of wood 196
8.11. Preservation of Timber ' 197
8.11.1.Requirements of a good preservative : 197
8.11.2.Types of preservatives 198
8.11.3.Methods of preservation 198
8.11.4.Types of preservative treatment 199
8.12. Conversion of Timber \ 200
8.12.1.Methods of sawing timber e 201
8.12.2.Common market forms 202
8.13. Testing of Timber - 203
8.14. Timber Suitable for Various Uses 204
8.15. Timber Trees of India 204
8.16. Wood-based Products 207
8.16.1.Veneers 207
8.16.2.Plywood 207
8.16.3.Lamin board - 208
8.16.4.Block board 209
8.16.5.Batten board : 209
8.16.6.Fibre boards 209
8.16.7.Hard boards 210
Highlights 211
Objective Type Questions c 211
Theoretical Questions \ - 215
9. METALS AND ALLOYS 216-238
A. Ferrous Materials
9.1. Iron Ores 217
9.2. PigIron ' 217
9.3. Composition of Pig Iron 220
9.4. Effects of Impurities on Iron 220
9.5. CastIron 220
9.6. Classification, Composition, Properties and Uses
of Cast-Iron i _ 221
9.7. Wrough Iron 222
9.8. Aston Process . ' 223
9.9. Manufacture of Steel e 224
9.10. Composition, Properties, and Uses of Carbon Steels 231.
9.11. Comparison of Cast Iron, Wrought Iron, Mild Steel
and Hard Steel : 231
9.12. Alloy Steels 232
B. Non-Ferrous Materials
9.13. Aluminium 237
9.14. Copper 238
9.15. Lead 239
9.16. Tin 240
9.17. Zinc 240

9.18. Magnesium 240



9.19.
9.20.

—

5.21.
9.22.

10. PAINTS, VARNISHES, DISTEMPERS AND ANTI-TERMITE

Nickel
Non-ferrous Alloys
9.20.1.Copper alloys
9.20.1.1. Brasses
9.20.1.2. Bronzes
9.20.2.Aluminium alloys
9.20.2.1. Duralumin
9.20.2.2. Y-alloy
9.20.2.3. Hindalium
9.20.2.4. Magnelium
9.20.3.Magnesium alloys
9.20.4.Nickel alloys
Bearing or Antifriction Alloys
Selection, Specifications and Forms and
Availability of Materials
9.22.1.Considerations for selection of materials
for different components
9.22.2.1.S.1 methods of specifications of metals
and their alloys
9.22.3.Commercial availability Commonly used forms
Objective Type Questions
Theoretical Questions

TREATMENT

10.1.

10.2.

10.3.

Introduction
Paints

10.2.1.Definition of paint

10.2.2 Functions of paints
10.2.3.Constituents of an oil paint and their functions
10.2.4.Preparation of an oil paint
10.2.5.Characteristics of a good paint
10.2.6.Types of paints

10.2.7.The painter's kit

10.2.8.Painting of new woodwork
10.2.9.Painting of old woodwork

10.2.10. Painting of metallic surfaces
10.2.11. Painting of plastered surfaces
10.2.12. General precautions in the process of painting
10.2.13. Failure of paint

10.2.14. Defects in painting

Varnishes

10.3.1.Definition of varnish
10.3.2.Functions of varish
10.3.3.Constituents/ingredients of varnish
10.3.4.Characteristics of a good varnish
10.3.5.Types of vamishes

10.3.6.Process of varnishing

10.3.7 Furniture polish

10.3.8 Lacquer and lacquering
10.3.9.Enamels

241
242
242
242
244
246
246
247
247
247
248
248
250

252
252

253
258
262
267

269-295

269
269
269
270
270
274
274
275
278
279
279
279
280
280
280
281
281
281
281
281
282
282
283
283
- 284
285



11..

12.

10.4. Distempers
10.4.1.Properties of distempers
10.4.2.Types of distempers
10.4.3.Distempering process

10.5. Wall paper, Whitewashing and Colourwashing
10.5.1.Wall paper |
10.5.2.Whitewashing
10.5.3.Colourwashing

10.6. Anti-termite Treatment
Highlights
Objective Type Questions
Theoretical Questions

ASPHALT, BITUMEN AND TAR

11.1. Asphalt
11.1.1.Definition
11.1.2.Properties of asphalt
11.2.3.Uses of asphalt
11.2.4.Constituents of asphalt
11.1.5. Types of asphalt
11.1.5.1. Natural asphalt
11.1.5.2. Residual or petroleum asphalt
11.1.6.Forms of asphalt
11.2. Bitumen
11.2.1.Definition
11.2.2. Properties of bitumen
11.2.3.Uses of bitumen
11.2.4.Forms of bitumen
11.3. Tar
11.3.1.Definition and properties
11.3.2.Uses of tar
11.3.3. Types of tar
11.4. Pitch
11.5. Comparision between Asphalt, Bitumen and Tar
Highlights -
Objective Type Questions
Theoretical Questions
ASBESTOS, ADHESIVES AND ABRASIVES

12.1. Asbestos
12.1.1.General aspects
12.1.2.Properties of asbestos
12.1.3.Uses of asbestos
12.1.4.Commercial forms of asbestos

12.2. Adhesives '
12.2.1.Advantages and disadvantages
12.2.2. Types of adhesives

12.3. Abrasives
Highlights _
Objective Type Questions
Theoretical Questions

285
286
286
287
288
288
288
290
290
293
294
295

296-302

296
296
296
296
297
297
297
297
297
298
298
298
298
299
299
299
299
300
300
301
301
301
302

303-312

303
303
303
304
304
307
307
307
309
311
311
311



13. PLASTICS AND FIBRES

13.1.
13.2,
133

13.4.
1335,
13.6.
137,

13.8.

13.9.

13.10.
13.11.
13.12.
13.13.
13.14.

1338

13.16.
13.17.

Definition of Plastic
Constituents of Plastics
Classification of Plastics
13.3.1.Thermoplastic materials
13.3.2. Thermosetting materials
Properties of Plastics
Shortcomings of Plastics

Uses of Plastics

Trade names and Typical Applications of
Some Important Plastics
Commercial Forms of Plastics
13.8.1.Plastic sheets :
13.8.2.Plastic tiles
13.8.3.Plastic laminates
13.8.4.Plastic panels
13.8.5.Plastic pipes
Manufacturing Processes
13.9.1.Casting

13.9.2. Moulding

13.9.3. Laminating

13.9.4 Blowing
13.9.5.Calendering
13.9.6.Machining and cementing
Fibre Glass Reinforced Plastic
Polymer/Plastic coatings
Deformation of Plastics
Testing of Plastics

Machining of Plastics
Advanced Polymeric Materials
Behaviour of Polymers

Fibres

Highlights

Objective Type Questions
Theoretical Questions

14. GLASS

14.1.
14.2.
14.3.
14.4.

14.5.
14.6.
14.7.

Introduction

Constituents of Glass and their Functions
Properties of Glass

Glass Furnaces

14.4.1.Pot furnaces

14.4.2 Tank furnaces -
14.4.3 Melting

14.4 4 Fabrication of glass
Classification of Glass

Uses of Glass

The Glass Industry in India
Highlights

Objective Type Questions
Theoretical Questions

313-340

313
313
315
317
323
325
325
325
326

327
327
327
327
328
328
328
328
328
329
329
329
329
329
330
331
331
332
334
335
337
338
339
340

341-351

341
341
342
344
344
344
344
345
345
349
349
349
350
351



. 18. INSULATING MATERIALS : 352-361

15.1. Introduction 352
15.2. Classification of Insulating Materials 352
15.3. Heat Insulating Materials 352
15.3.1.General aspects 352
15.3.2.Requirements of heat insulating materials 353
15.3.3.Classification and description of heat insulating materials 353
15.4 Sound Insulating Materials 358
15.4.1.Requirements of sound insulating materials 358
15.4.2,Classification and description of sound insulating materials 359
Highlights 360
Objective Type Questions 360
Theoretical Questions , 361
16. FLY-ASH, GYPSUM AND GYPSUM PLASTER 362-366
16.1. Fly-ash 362
16.1.1.General aspects 362
16.1.2. Applications of fly-ash ; 363
16.2. Gypsum 363
16.3. Gypsum plaster 364
Highlights 365~
Objective Type Questions 365
Theoretical Questions 366
17. ELASTOMERS AND COMPOSITE MATERIALS 367-385
17.1 Elastomers 367
17.1.1.Introduction 367
17.1.2.Properties/Characteristics of rubber 367
17.1.3.Uses of rubber 368
17.1.4.Types of rubber 368
17.1.5.Forms of rubber 374
17.1.6.Plasticization 375
17.1.7.Compounding 375
17.1.8.Calendering 375
17.1.9.Vulcanization ' 375
17.1.10. Extruding 376
17.1.11. Moulding 376
17.1.12. Reclaimed rubber 376
17.1.13. Properties of elastomers 376
17.2. Composite Materials/Composites 378
17.2.1. General Aspects 378
17.2.2. Classification 379
17.2.2.1. Particle reinforced composites 379
17.2.2.2. Fibre-reinforced composites - 380
17.2.2.3. Structural composites 381
17.2.3. Wood and Timber 283
Objective Type Questions 385
Theoretical Questions 385
18. LUBRICATING, BELTING AND PACKING MATERIALS 386-392

18.1. Lubricating Materials 386



19.

20.

21,

18.2.
18.3.

18.1.1.Introduction

18.1.2. Types of lubricants
Belting Materials
Packing Materials
Objective Tipe Questions
Theoretical Questions

CUTTING TOOL MATERIALS

19.1.
19.2.

Characteristics of an Ideal Cutting Tool Material
Types of Tool Materials :
Objective Type Questions

Theoretical Questions

ELECTRICAL ENGINEERING MATERIALS

20.1.
20.2.

20.3.

20.4.

20.5.

Classification of Electrical Engineering Materials
Conductors
20.2.1.Resistance
20.2.2.Specific resistance
20.2.3.Superconductivity
20.2.4 Classification of electrical conductors
20.2.4.1. Low resistivity materials
20.2.4.2. High resistivity materials
Semiconductors
20.3.1.Characteristics
20.3.2. Atomic structure
20.3.3.Intrinsic semiconductors
20.3.4.Extrinsic semiconductors
20.3.5. Applications of semiconductors
Insulators (or Dielectrics)
20.4.1.Introduction 3
20.4.2.Characteristics of good electrical insulating material
20.4.3.Classification of electrical insulating materials
Magnetic Materials
20.5.1.Introduction
20.5.2. Terms connected with magnetic materials
20.5.3.Classification of magnetic materials
20.5.4 . Magnetic domains
20.5.5.Paramagnetism
20.5.6.Ferromagnetism
20.5.7.Diamagnetism
20.5.8.Principal ferromagnetic elements
20.5.9.Magnetically soft materials
20.5.10. Magnetically hard materials
Objective Type Questions
Theoretical Questions

MATERIAL SCIENCE OF METALS

21.1.
212,

Meaning of Material Science
Structure of Atoms and Molecules
21.2.1.Concept of atom: -

21.2.2 Crystal structure

386
386
389
390
391
392

393-397
393
393
397
397

398414

398
398
398
398
398
399
399
400
402~
402
403
404
404
405
405
405
406
406
407
407
407
409
410
410
411
411
411
412
412
413
414
415466
415
415
415
417



213,

214.

2ES.

21.6.

21.7%

21.2.2.1. Unit cell and space lattice
21.2.2.2. Lattice parameter and crystallographic planes
21.2.3.Crystal structure for metallic elemcnts
21.2.4.Bonds in solids
21.2.4.1. Primary bond
21.2.4.2. Secondary or molecular bonds
Deformation of Metals
21.3.1.Deformation
21.3.2.8lip
21.3.3. Twinning
21.3.4 Imperfection (defects) in crystals
21.3.5 Cold working
21.3.6 Hot working
Heat Treatment
21.4.1.Definition
21.4.2.0bjects
21.4.3.Constituents of iron and steel
21.4.4.Iron-carbon equilibrium diagram
21.4.5.Theory of heat treatment of steel
21.4.6.Heat treatment processes '
21.4.6.1. Annealing
21.4.6.2. Normalising
21.4.6.3. Quenching
21.4.6.4. Tempering
21.4.6.5. Surface hardening
Testing of Materials
21.5.1.Introduction
21.5.2.Classification of tests

~ 21.5.3.Non-destructive tests

21.5.4.Destructive tests (Mechanical tests)
21.5.4.1. Importance of mechanical tests
21.5.4.2. Tensile test
21.5.4.3. Impact test
21.5.4.4. Hardness tests
21.5.4.5. Fatigue test
21.5.4.6 Creep test
Corrosion ;
21.6.1.Factors influencing corrosion
21.6.2.General types of corrosion
21.6.2.1. Chemical or dry corrosion
21.6.2.2. Electrode potential
21.6.2.3. Wet ar electro-chemical corrosion
21.6.3.Various types of corrosion
21.6.4.Control and prevention of corrosion
Manufacturing processes
Objective Type Questions
Theoretical Questions
Index

417
418
419
419
420
422
422

422
424
424
425
426
427
428
428
428
429
431
432
433
433
435
435
436
438
442
442
442

442
443
443
444

446
448
450
451
451
452
452
452
453
454
454
457
457
4064
467-473



22. CERAMIC MATERIALS

22.1.
22.2.
22.3.
224,
22.5.
22.6.
22.7.
22.8.
229.
22.10.
22.11.
22.12.

22.13.

SECTION : SHORT ANSWER QUESTIONS

INDEX

Introduction

Classification of Ceramics
Advantages of Ceramic Materials
Applications of Ceramics
Properties of Ceramic Materials
Structure of Crystalline Ceramics
Silicate Structures

Types of Silicate Structures
Polymorphism

Glass

Advanced Ceramics

Refractories

22.12:1. General Aspsects

22.12.2, Properties of Refractories

22.12.3. Types of Refactories
22.12.4. Acid Refractories
22.12.5. Basic Refractories
22.12.6. Neutral Refractories
22.12.7. Refractory Fibres

Cements and Concrete (Refer fo Article 10.2)

Highlights
Objective Type Questions
Theoretical Questions

467482

467
467
468
468
469
471
472
472
474
474
475
476
476
476
476
476
477
478
479
480
480
481
482

483-505
506-512



