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CHAPTER-1 

 

INTRODUCTION TO CIVIL ENGINEERING MATERIALS 

           3 marks 
 

 

INTRODUCTION 

 

Construction of the structures is the basis of development of any country and the world. For 

construction process different kinds of materials are required. Stones, bricks, timber, lime, cement, 

sand, jellies and tiles are the traditional building materials. Use of steel, aluminium, glass, glazed tiles, 

plaster of paris, paints and varnishes have improved the quality of buildings and other structures. The 

appropriate mixture of binding materials like lime and cement with sand is known as mortar. The 

mixture of cement, sand and jelly (crushed stones) with water is known as concrete. The use of 

concrete with steel bars placed in appropriate position has helped in building strong and durable tall 

structures. The composite material of concrete and steel is called reinforced cement concrete which is 

popularly known as RCC. A civil engineer must know the properties of all the civil engineering 

materials so that they can be used appropriately. Improved versions of many civil engineering 

materials appear in the market. A good civil engineer will make use of them at the earliest. 

 

The subject Civil Engineering Material is the science dealing with the composition and the structure 

of the materials as well as their properties and behaviour and selection of the suitable materials for 

particular project. 

 

1.1 SCOPE OF THE SUBJECT 

 

The basic concern of a civil engineer is the design, construction, supervision and maintainence of 

different types of structures such as buildings, bridges, roads, canals, tube well, water tanks, etc. The 

key element in field practice is to deal with different field materials which are used for construction 

that helps in detailed specification, selecting of the materials, storage, sampling and testing. Therefore 

a study of those aspects of materials and their applications in construction is very important. 

 

The modern science and technology has given more priority to produce various composite and new  

type of materials in order to have greater strength and durable construction. For example: The 

transportation industries with light weight and greater strength is more essential nowadays. These 

needs are satisfied by certain combination of the engineering materials called composites such as fiber 

glass and other reinforced sections. Steel construction is also developing nowadays for building as 

well as bridges where light construction is favourable. 

 

In construction industries, sky scrappers, vast networks of the highways as well as other structural 

construction, various materials are utilized. Regarding these aspects as a civil engineer a vast 

knowledge about the civil engineering materials is a mandatory requirement. The following are the 

areas where civil engineering materials are used vastly: 

 Building Construction 

 Bridge Construction 

 Highways  

 Canals  

 Components for Hydropower projects 

 Water tanks 
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1.2 SELECTION CRITERIA OF CONSTRUCTION MATERIALS ( FACTORS AFFECTING 

THE SELECTION OF THE MATERIALS) 

 

One of the important work during construction works is the selection of the suitable materials with 

desired properties that fit for the purpose. Hence various properties and conditions has to be analysed 

in order to select the materials so that desired quality of the construction is obtained. The criteria for 

selection of the construction materials can be listed as: 

 

A. PROPERTIES OF MATERIAL 

The most important factor affecting the selection of the materials is the properties of the materials. 

The properties of the materials include: 

 Physical Properties  

 Mechanical Properties  

 Thermal Properties  

 Chemical Properties  

 Electrical Properties  

 Magnetic Properties  

 Optical Properties  

  

B. PERFORMANCE REQUIRED  

The materials used in construction should perform the function for which it is used without failure 

and decreasing its capacity. For e.g. The components of the furnace must be of that materials 

which can withstand high temperature. 

 

C. MATERIAL’S RELIABILITY  

Reliability is the degree of probability that a product and the material of which it is made, will 

remain stable enough to function in service for the intended life of the product without failure. A 

material used for the construction should be reliable. The steel used as reinforcement if gets 

corroded under certain conditions, then it can’t perform well and hence not stable as well as 

reliable. 

 

D. SAFETY 

Safety is one of the important factor to be considered. While handling the materials safety 

provisions should be maintained. Also the materials should perform its function safely otherwise 

alternative materials are selected which will provide safety. 

   

E. PHYSICAL ATTRIBUTES 

Physical attributes such as configurations, size, weight and appearance sometimes also serve 

functional requirements. The projects where Aesthetic beauty is an essential requirement, Physical 

attributes is a factor an engineer should be concerned about. 

 

F. ENVIRONMENTAL CONDTIONS 

The environmental conditions where material operates strongly influence on the strength and 

serviceability performance. Presence of humidity, water and chemicals may harm the various 

materials and may result in corrosion and which inturn result in failure of the materials and hence 

the structures as well. Hence prevailing environmental conditions should be analysed before 

selecting the materials. For e.g. The bitumen grade should be selected according to the temperature 

of the place during bituminous road construction. 

   

G. AVAILABILTY 

The materials to be used at a site should be readily available and easily transportable as well. Also 

the materials with good quality should be readily available. 
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H. DISPOSIBILITY AND RECYCLIBILTY 

The materials used should be easily disposable and if they can be recycled then its better to be 

recycled.  

 

I. ECONOMIC FACTORS 

The cost estimated highly influences the selection of the materials. If the estimated cost for it is 

more then higher quality materials can be selected otherwise materials should be selected 

according to the budget available.  

 

1.3 CLASSIFICATION OF CIVIL ENGIEERING MATERIALS 

 

A. BASED ON EXISTENCE 

i. Natural Existing Materials:  
naturally occurring on earth crust.  

E.g. Stone, Iron, Aluminium, etc 

ii. Artificially made Engineering Materials:  
Created by human beings using various technologies.  

E.g. Plastics, Fiber glasses, Cement, etc 

 

B. BASED ON METALLURGY 

i. Metal: hard, malleable, ductile 

a. Ferrous Metals: e.g. Steel 

b. Non Ferrous Metals: E.g. Aluminium 

ii. Non Metals: E.g. Timber, stones,etc 

 

C. BASED ON USE 

i. Structural Engineering Materials: 

These are the materials which are used as the structural units during the construction process. 

E,g. Stone, Bricks, cement, sand, etc. 

ii. Aesthetic Materials: 

These are the materials which are used for decorative purpose to enhance the beauty of the 

structure. 

E.g. Paints, Distemper, Plaster of paris, etc  

iii. Special Need Engineering Materials: 

These are the artificially created materials when special characteristics are required but not 

present in the materials which are naturally found of created by mixing the various naturally 

occurring materials to reach the performance required. 

 

D. BASED ON PHYSICAL AND CHEMICAL CHARACTERISTICS 

i. Metals 

 Generally the elements or used in the form of alloy of the metals ( stainless steel) 

 Distinctive properties than the other engineering materials. 

 Properties that are essential to be used are as: 

 Conduction of Heat 

 Electrical conductivity 

 Malleable and ductile 

 Ability to combine with the other metals to form metallic alloy in order in enhance the 

performance of the materials. (e.g. Steel is the alloy of iron and carbon) 

 Toughness 

 Hardness 

 Opaqueness 

 Metallic luster ( glow ) 

 The metals that are generally used as the construction materials are Iron, Steel, Aluminium, 

Chromium, Brass, Copper, etc. 
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ii. Ceramics 

 The word "ceramic” comes from the Greek word keramikos  "of pottery" or "for 

pottery", from  keramos "potter's clay, tile, pottery" 

 A ceramic is an inorganic, non metallic solid material comprising of metals, non metal  or 

metalloid atoms primarily held in ionic and covalent bonds. 

 Traditional ceramic raw materials include clay minerals such as kaolinite, whereas more 

recent materials include aluminium oxide, more commonly known as alumina. The modern 

ceramic materials, which are classified as advanced ceramics, include silicon 

carbide and tungsten carbide. 

 Properties that are essential to be used are as: 

 Mechanical properties like elasticity, hardness, brittle, compressive and shear strength 

 Insulation  

 opaqueness 

 Non corrosive 

 Thermal resistance 

 The ceramics are widely used as the ingredients in  floor, wall and roofing tiles, brick, glass, 

sanitary works (toilet, sink, bathtub,etc)  

 

iii. Polymers 

 A polymer (Greek poly-, "many" + -mer, "parts") is a large molecule, or macromolecule, 

composed of many repeated subunits called monomers joined together in chain like fashion 

by the process known as polymerisation. 

 Most of the polymers in engineering construction industries consist of hydrocarbons in 

which hydrogen and carbon by bonds to form various type of structural arrangement.  

 Polymers used in the engineering are generally formed from the small subunits which may 

be natural  ( wood, rubber, etc) or synthetic ( Vinyl Chloride, ethane, etc)  

 The demand of polymers are increasing in the engineering market due to availability, 

economy, convenience (transportation and use) and other technical advantages over other 

engineering materials used. 

 The major properties of polymers due to which its use is increasing are as:  

 Physical properties like softness, light weight 

 Electrical properties like  insulation  

 Non corrosive 

 Resistant to chemical attack 

 Ductility 

 Water Resistant 

 The polymers which are used in construction industries and their applications are as: 

Polymers Applications 

Epoxy Adhesive, Patching voids, Durable coating 

Polyesters Floor coating, Sealer or Adhesive bonder, Sealer 

for epoxy injection, binder for polymer mortar 

Sulphur Concrete ( thermoplastic) High Chemical resistant floors, Rapid Pavement 

repair. 

Methyl Methacrylate (MMA) Pavement of Bridge deck, thin overlays, Precast 

elements 

Polyvinyl Chloride (PVC) Pipe, raincoats, electric cables, floor tiles 

 

iv. Composites 

 Combination of two or more constituent materials on a macroscopic examination to produce 

a new material with enhanced properties: Concrete = aggregate + cement Human Bone = 

fiberlike osteons + interstitial bone matrix 

 Composites are of various type such as: 

 Natural Composites: – Wood: Cellulose fibers + lignin matrix – Bone and Bamboo etc. 

https://en.wiktionary.org/wiki/ceramic
https://en.wikipedia.org/wiki/Greek_language
https://en.wikipedia.org/wiki/Kaolinite
https://en.wikipedia.org/wiki/Alumina
https://en.wikipedia.org/wiki/Silicon_carbide
https://en.wikipedia.org/wiki/Silicon_carbide
https://en.wikipedia.org/wiki/Silicon_carbide
https://en.wikipedia.org/wiki/Tungsten_carbide
https://en.wiktionary.org/wiki/poly-
https://en.wiktionary.org/wiki/-mer
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Macromolecule
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 Synthetic Composites: – Tire: steel or polymer fiber + rubber matrix – Fiberglass (e.g., 

boats): Chopped fibers + polyester – Fiber-reinforced Plastic (FRP) composites: panels, 

beams, columns  

 Hybrid Composites: – Wood or concrete wrapped with polymer composites – Wood 

beams reinforced with FRP plates on the tension side – Sandwich structure (face sheets 

with wood core) 

 The composites have diversified characteristics so that they are vastly used in the field of 

civil  engineering construction. Some of the characteristics are high strength, non 

corrosiveness, strength with brittleness, compressive strength, tensile strength, light weight, 

etc 

 The advantages of using composites are as: 

 High strength-to-weight ratio (specific strength)  

 High stiffness-to-weight ratio (specific stiffness)  

 Noncorrosive, nonmagnetic, nonconductive  

 High energy absorption properties: acoustic and seismic responses  

 High fatigue-life  

 Ability to incorporate sensors in the material to monitor and/or correct its performance 

i.e.  Smart composites  

 Ability to tailor the material (both fiber architecture and shape) for specific applications, 

and to design the material with other inherent properties (UV light, flammability, smoke 

toxicity)  

 Ease of fabrication of large complex structural shapes or modules which helps in 

Modular construction 

 The composites used in engineering are RCC, Fiber glass, plastic, Composite rebars and 

grids to reinforce concrete in bridge decks and highway barriers, Composite cables and 

tendons to prestress/post-tension concrete structures (bridges and building) 

 

1.4 PROPERTIES OF CIVIL ENGINEERING MATERIALS 

 

Various properties of the materials are to be analysed for the selection as we have discussed earlier. 

The properties of civil engineering materials can be listed as: 

A. PHYSICAL PROPERTIES 

1. Specific Gravity: 

The ratio of the weight of the material per unit volume to the equal volume of water under 

standard conditions is known as Specific Gravity. 

Mathematically,  

Specific Gravity =
𝛾

𝛾𝑤
 where 𝛾 = 𝑊/𝑉 = 1000X 9.81  

 It has no unit.  

2. Density: 

It is defined as the mass of  a material per unit its volume. 

Mathematically, 

   Density, 𝜌 = m/V 

The unit of density is kg/m
3
. 

3. Bulk density/ unit weight: 

It is defined as the total weight including solid and voids of any granular materials per unit its 

volume. 

Mathematically,  

   𝛾 = 
𝑊

𝑉
  

 The unit is KN/m
3
. 

4. Porosity ( 𝜼): 

It is the ratio of volume of voids in a material to the volume of granular material (or total 

volume). 

η = 
𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓  𝑉𝑜𝑖𝑑𝑠

𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓  𝑔𝑟𝑎𝑛𝑢𝑙𝑎𝑟  𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠
 = 

𝑉𝑣

𝑉
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5. Water Absorption: 

It is the property of material by virtue of which it absorbs water from the ambience 

(atmosphere). 

6. Hydroscopicity: 

It is the property by which a material absorbs water present in the atmosphere as in case of 

salt, sugar, etc. 

7. Permeability: 

It is property by which a material allows water to pass through its pores (voids). It is important 

in case of soils.  

8. Moisture Resistance: 

It is the ability of material to resist the deformative effect due to cyclic wetting and drying by 

moisture. 

9. Fire Resistance: 

The ability to resist fire is called fire resistance. For example: petrol is an inflammable while 

others are combustible. Timber is an example of combustible. 

10. Frost Resistance:  

It is the ability of material to resist the action of repeated freezing and thawing action of water. 

11. Corrosion: 

It is the gradual destruction of a metal or alloy due to chemical process as oxidation. Rusting is 

just oxidation of iron at the surface which is activated by presence of moistures and CO2. 

12. Durability: 

Resistance of a material to destruction by natural agencies is called durability. 

13. Soundness: 

Resistance of a material to disintegration due to heat, alternate freezing and thawing, etc. 

 

B. MECHANICAL PROPERTIES 

1. Strength properties: 

a. Tensile Strength: 

The maximum stress a material can withstand under a tensile load before failure. 

 
Fig: Tensile Strength 

 

b. Compressive Strength: 

The maximum stress a material can withstand under a compressive load before failure. 

 

 

 

Fig: Compressive Strength 

 

c. Shear strength: 

 
Fig: Shear Strength 

 

F F 
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Mechanical Properties Description 

Elasticity 

 

property of the material by which it tends to regain its 

original position or the original shape after removal of the 

deforming force on the material. 

Plasticity property of the material by which it doesnot regain its 

original position or shape on removal  of the deforming 

force. 

Hardness 

 

ability of the material to resist the effect of wear and tear, 

scratching, cutting, abrasion on the surface when force is 

applied. 

Resilience ability of the material to store energy to resist shock, 

impact, etc. 

Toughness 

 

ability of the material to absorb energy due to straining 

actions undergoing plastic deformation. 

Brittleness tendency of material to shatter on receiving the shock. 

Ductility 

 

ability of the material to undergo large plastic deformation 

before actual failure. This property allows the drawing of 

thin wire of the metal. 

Fatigue 

 

form of deformation exerted by cyclically repeated stress 

over the material. Thus reducing its resilient quality. 

Creep 

 

property of a material to undergo deformation with respect 

to time under a constant load. 

Malleability 

 

ability of the material to be beaten into thin sheets 

Impact Strength 

 

ability of the material to resist shock or impact load. 

Abrasive resistance 

 

ability of the material to resist wearing due to contact with 

another surface moving with respect to it. This is important 

in road surfaces, floors, etc. 

 

C.  THERMAL PROPERTIES 

It indicates the conduction of heat across the materials. It includes: 

 Heat capacity 

 Thermal Conductivity 

 Thermal Stability 

 Thermal Resistivity 

 

D. OTHER PROPERTIES 

 Chemical Properties (Corrosion Resistance, PH, Reactivity, surface tension) 

 Electrical Properties ( Electrical Conductivity, Permittivity, Dielectric constant) 

 Magnetic Properties ( Ferromagnetic, Paramagnetic or Diamagnetic, Permeability) 

 Optical Properties ( Color, Reflectivity, Absorbance, Transmittance, Refractive Index,etc) 
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CHAPTER-2 

 

BUILDING STONES        

           4 marks 
 

 

2.1 INTRODUCTION 

Stones are naturally occurring compact, solid and massive material found on the earth crust. As stones 

are formed by breaking the rocks so simply stones can be called as rocks. Stones are obtained from 

quarry and are universally available in abundant amount. Their exploitation is limited where structural 

complexities make their production uneconomic. 

 

The stones used for construction purpose can be termed as building stones. Building stones are also 

commonly termed as “Dimension Stone” in many countries. Building stones are naturally occurring 

rocks of igneous, sedimentary or metamorphic origin which are sufficiently consolidated to enable 

them to be cut or shaped into blocks or slabs for use as walling, paving or roofing materials in the 

construction of buildings and other structures. As discussed earlier, the stones suitable for building 

occur throughout the geological column and has worldwide distribution. The principle rocks used as 

building stones are limestones, sandstones, slates and granites.The use of stones is decreasing today as 

compared to 19
th
 century because of following reasons: 

 Due to scarce availability of stones, Stones are expensive than other materials in some areas 

 Multistorey and highrised buildings cant be built with stones due to strength parameter. 

However Concrete of  desired strength can be prepared. 

 

Classification of Rocks: 

1. Geological Classification: 

a. Igneous Rock ( Granite, Basalt,etc) 

b. Sedimentary Rock (Conglomerate, limestone,etc) 

c. Metamorphic Rock ( Gneiss, Marble,etc) 

2. Physical Classification: 

a. Stratified Rock ( Sedimentary) 

b. Unstratified Rock (Igneous) 

c. Foliated Rock : Repititive layering (Metamorphic except marble and quartz) 

3. Chemical Classification: 

a. Agrillaceous: consisting of claylike components or alumina (Slate, laterite, etc) 

b. Silicious (Granite, Sandstone,etc) 

c. Calcareous (Limestone, Dolomite,etc) 

 

2.2 CHARACTERISTICS OF GOOD BUILDING STONES 

The essential requirements of building stones used for structural work are given below: 

 

1. Strength 
Ordinarily, the strength of a stone is not of primary importance, as very often the loads to which it is 

subjected in a structure are much below its permissible crushing strength. However a stone should be 

strong and durable enough to withstand the disintegrating action of weather. 

 

2. Appearance 
In the case of the stone used for face work, where appearance is a primary factor, its colour, fineness, 

compactness, texture and ability to receive polish is an important factor. 

 

3. Structure 

A broken stone should not be dull in appearance and should have uniform texture, free from cavities, 

cracks, patches of loose and soft materials. 
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4. Specific Gravity and Weight 
The stones used for the construction of dams, weirs, barrages, docks and harbours should be of a 

heavier variety. In case of dams and roof coverings, lighter varieties of stones are preferred. The 

specific gravity of good building stones should be between 2.4 and 2.8.  The weight indicates the 

stability of the structures such as dam, retaining walls,etc. 

 

5. Hardness 
The stone used in floors, pavements and aprons of bridges, should be able to resist the abrasive forces 

caused due to wear and friction. Hardness of stones can be tested by the Mohr’s scale of hardness in 

the laboratory and in the field by scraping the surface with a sharp knife. A hard stone will not show 

any scratches. 

 
Fig: Building stones 

 

6. Toughness 
Building stones should also be tough enough to withstand stresses developed due to vibrations of 

machinery and moving loads over them. The stones used in the construction of roads should be hard 

as well as tough.  

 

7. Porosity and Absorption 
A good stone should not be porous, rain water, enter the pores which is generally acidic. More porous 

building stones are unsuitable for construction. Chemical Composition of Stone Limestone and weak 

sandstone are relatively less durable than a good sandstone, granite or gneiss. Air and water, 

containing carbon dioxide, seriously affect limestone. Iron pyrites also tend to disintegrate stones; 

excess iron oxide or carbonate in stones develops rust in the presence of moisture; presence of clay 

affects the efficiency of the cementing materials; soda and potash also have a disintegrating effect; all 

varieties of mica are soft and are readily decomposed by exposure to atmosphere. Stones with silicates 

as the cementing material will weather better than those with calcareous or ferruginous binding 

material. 

 

8. Texture 
The texture of a stone indicates the arrangement of its constituent minerals. Good building stone 

should be homogeneous in structure. Stones with homogeneous and crystalline texture are hard and 

compact and superior to non-crystalline and open-texture varieties. Generally, igneous and 

metamorphic rocks such as granite, trap and gneiss are hard and compact. Sandstone, limestone and 

some of the metamorphic rocks are porous. Amorphous rocks like glass, flint, etc. have a fused 

texture and are hard and compact. 

   

9. Heaviness and Durability 
Stones should possess a natural durability to withstand the destructive effects of various agents 

continuously operating on them. In fact, the life of a structure depends upon the durability of the 

materials with which it is built. The durability of a stone depends upon the relation between its 

chemical composition and that of the atmospheric surroundings. The texture of the stone also 
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influences its durability. Crystalline homogeneous and close-grained varieties of stones with a dense 

structure should be selected for good works. The surface of a freshly broken stone should be uniform 

in texture, colour and hardness. Porous stones or those containing patches of soft or objectionable 

materials are liable to disintegrate quickly. The minimum crushing strength of building stones should 

be 100 kg/cm
2
. 

 

2.3 SELECTION AND USE OF STONES 

Three major factors are generally considered by an engineer while deciding the use of stones in 

construction. 

1. The type of building and situation 

 A residential building or a public building such as schools, departmental stores,etc. 

 Commercial buildings like cinema halls, shopping complex,etc 

 A momentum building such as temple, church, etc. 

 

2. Precise location in the building where the stone shall give a preferential benefit in terms of 

cost, appearance and durability such as foundations, superstructures, arches, columns, 

beams,etc. 

 

3. Cost of construction with stones. This depends on availability in the site, their extraction, 

transport and dressing. 

 

Selection of types of stones: 

 Heavy engineering works like bridges, piers, abutments – granite (biotite, hornblend) 

 Buildings facing the sea – granite, fine grained sandstone 

 Buildings in industrial area – granite, compact sandstone 

 Arches – fine grained sandstone 

 Building facework – marble, close grained sandstone 

 Fire resisting structure – compact sandstone 

 Road metal and aggregate for concrete – granite, basalt, quartzite 

 

2.4 DETERIORATION AND PRESERVATION OF STONE 

Deterioration 

1. Rain 

Physical Action: Disintegration, erosion, transportation due to alternate wetting and drying. 

Chemical Action: Decomposition, oxidation and hydration of minerals due to acid rain. 

2. Frost 

Pierces the pores, freezes, expands and creates cracks 

3. Wind 

Abrasion due to wind carried dust 

4. Temperature Changes 

Expansion and contraction affects on minerals of different coefficients of linear expansion. 

5. Vegetable Growth 

Roots of trees and weeds may grow in cracks and fissures 

6. Mutual Decay 

7. Chemical Agents 

Smokes, fumes, acids and acid fumes from atmosphere affects the stones and deteriorates it. 

8. Lichens 

Destroys limestones. Series of holes are created. 

 

Preservation: 

For avoiding deterioration of the stones following methods are employed: 

 Initial selection: use compact, crystalline stones instead of porous materials 

 Seasoning : Well seasoned stones are less liable to deterioration due to frost and acids 

 Size: Bigger sized stones are more durable than smaller ones 
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 Natural Bed: Placing the stones on natural bed provides greater strength and detrimental to 

rain and frost. 

 Surface finish: well dressed, smooth finished and polished is more durable. 

 Workmanship: All joints should be filled leaving no cavities in masonry. 

 External Rendering: Pointing or plastering of joints should be done to stop rain penetration. 

 Proper maintainence: washing, removing dirt and dust. 

 Application of preservatives: Eliminate the cause of deterioration 

 

 

For preservation of the stones following things should be done: 

 Stones should be kept dry and applied coat of paraffin, linseed oil, light paint,etc 

 Stones should be washed with water and steam to remove dirt and salt 

 In industrial towns stones are preserved by application of solution of baryta, Ba(OH)2 to form 

insoluble barium sulphate 

 Presrvative treatment only shows down the decay but does not stop it. All have harmful side 

effects as well. 

  

2.5 NATURAL BED OF STONE 

The plane along which the stones can be easily splitted or the plane the stones are originally deposited 

in the quarry is known as natural bed of stone. Stratified rocks or layered rocks show different 

strength values when loaded perpendicular to the bedding plane and parallel to the bedding plane. 

In stone masonry structure, the stone should be placed such that the applied load is perpendicular to 

the natural bed. If they are placed with the layers parallel to the face of the wall, the effect of the wet 

and frost will be to scale off the face layer by layer, and the stone will be rapidly destroyed.  

 

In arches, such stones should be placed with the natural bed as nearly as possible at right angles to the 

thrust upon the stone, - that is, with the "grain" or lamina parallel to the centrelines of the arch stones, 

and perpendicular to the face of the arch. 

In cornices with undercut mouldings the natural bed is placed vertically and at right angles to the face, 

for if placed horizontally, layers of the overhanging portion would be liable to drop off. There are, in 

elaborate work, other exceptions to the general rule. 

 

 

Fig: Wall      Fig: Arch 

The natural bed is easily seen in some descriptions of stone by the position of imbedded shells, which 

were of course originally deposited horizontally. In others it can only be traced by thin streaks of 

vegetable matter, or by traces of laminae, which generally show out more distictly if the stone is 

wetted. 

In other cases, again, the stone shows no signs of stratification, and the natural bed cannot be detected 

by the eye. A stone placed upon its proper natural bed is able to bear a much greater compression than 

if the laminae are at right angles to the bed joints. 

 

 

http://chestofbooks.com/architecture/Building-Construction-3-3/Angle-And-T-Irons.html
http://chestofbooks.com/architecture/Building-Construction-3-1/Chapter-VIII-Centres.html
http://chestofbooks.com/architecture/Building-Construction-3-1/Cornice.html
http://chestofbooks.com/architecture/Building-Construction-3-2/Chapter-IV-Joinery-Mouldings.html
http://chestofbooks.com/architecture/Building-Construction-3-2/American-Systems.html#general
http://chestofbooks.com/architecture/Building-Construction-3-2/Roofs-Generally.html#rule
http://chestofbooks.com/architecture/Building-Construction-3-1/Different-Forms-Of-Scarfs.html#compression
http://chestofbooks.com/architecture/Building-Construction-3-1/Joints.html
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2.6  DRESSING OF STONE 

Stones found in nature, have to be quarried from their thick beds. After quarrying large pieces of 

stones, it is essential to break them into smaller sizes so that they can be used in a building. They are 

also dressed into suitable shapes and polished to give a smooth surface, if desired.  

 

The process of giving proper size, shape and finish to the roughly broken stone obtained from quarry 

is called dressing of stone.  
Objectives: 

- Stones obtained from quarries are very rough and irregular in shape. In addition to this, it may 

be too bulky to be used in construction. 

- To reduce the size of the blocks to easily portable units 

- To give proper shape to stone 

- To obtain an appealing finish (aesthetically appealing) 

 

METHODS OF DRESSING 

A. MANUALLY 

 With chisel and hammers 

 Excellent finish and polish 

 Carving is also included in it 

 

B. MECHANICALLY 

 Special saw fitted machines can cut the slabs, blocks and other rough rocks 

 Grinding and polishing machines are also fitted for polished and fine finish 

 

C. TRADITIONALLY DRESSING METHOD 

 

Scrabbling: Irregular edges of the stones are broken off and the stone is shaped somewhat.  

Hammer dressed: Large raised portions of the stones are cut and the stone is made somewhat flat but 

rough due to hammer marks.  

Boasted or droved finish: The stone is cut to a little level face and is finished by means of a boaster.  

Tooled finish: In this case the chisel marks are continuous and parallel throughout the width of stone.  

Furrowed finish: In this case about 1 cm vertical or horizontal grooves are sunk with a chisel having 

its end shaped as a hollow semi-circle.  

Reticulated finish: In this type of work, irregular shaped sinking is made within the center portion of 

the stone having a 2 cm wide margin on its sides. 

Vermiculated finish: The sinking is of the reticulated type except that they are more curved and give 

a worm eaten type of appearance.  

Combed or dragged finish: This type of finish is done on soft stones. A comb is driven over the 

surface of this stone to remove all elevating portions.  

Punched finish: Depressions are formed on the rough surface with a punch.  

Picked finish: This type of finish is obtained by dressing stones with a point and the depressions are 

smaller than the above type.  

Chisel drafted margins: They give a better appearance and help in getting uniform joints. Used in 

plinth and corners of buildings 

Moulded finish: Mouldings of various types can be worked on the stones to improve their 

appearance.  

Rubbed finish: The surfaces of the stones are rubbed get a smoother surface finish.  

Polished finish: Stones which can take polish, e.g., granites, marbles, lime-stones are first rubbed to a 

smooth surface and then polished by using rubber and pad, sand and water, pumice, and putty powder.  

Sand Blasting: This is done to imprint letterings and designs on the surface of granites. 
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NOTE FOR BENEFIT: 

General principles to be followed in the construction of stone masonry:  
1. The stone used shall be hard, durable and tough. All stones should be laid on its natural bed.  

2. The pressure acting on the stones should not act parallel to the bedding planes. This will try to split 

the stones. Sometimes stones used in corbels are laid with pressure acting parallel to bedding planes.  

3. The bond stones and headers should not be of dumb-bell shape.  

4. Large flat stones should be laid under the ends of girders, roof trusses, etc.  

5. In all slopping retaining walls, the beds of the stones and the plan of the courses should be at right 

angles to the slope.  

6. All laid fine dressed stone work should be protected against damage during further construction by 

means of wooden boxes.  

7. Jambs for door and window openings should be made of quoins which are equal in height to the 

course. They should be in breadth equal to at least 1½ times the height of the course and their length 

should be at least twice the height.  
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8. All the surfaces should be kept wet while the work is in progress and also till the mortar has set.  

9. Double scaffolding will be used wherever it is difficult to fit in the stones later on.  

10.All the portions of the masonry should be raised uniformly. Wherever this is not possible, the stone 

work built earlier should be raked (stepped) so that the new work can be bonded well with the old.  

11.Sufficient through stones should be used and they should form ¼th of the area in elevation.  

12. The hearting of the masonry should be properly packed with mortar and chips, if necessary, to 

avoid any hollows or very thick mortar joints.  

13.Vertical faces of the masonry walls should be checked with a plumb rule and the battered faces 

should be tested with wooden template corresponding to the batter and a plumb rule to ensure a 

constant batter.  

14.The stones used in the masonry should be wetted before use to avoid moisture being sucked from 

the mortar.  

15.Masonry should not be allowed to take tension.  

 

METAMORPHISM FOR FORMATION OF THE ROCK 

 

CATACLASTICMETAMORPHISM 

 Cataclastic metamorphism occurs as a result of mechanical deformation, like when two bodies of 

rock slide past one another along a fault zone.  

 Heat is generated by the friction of sliding along such a shear zone, and the rocks tend to be 

mechanically deformed, being crushed and pulverized, due to the shearing.   

 Cataclastic metamorphism is not very common and is restricted to a narrow zone along which the 

shearing occurred. 

 

PLUTONIC METAMORPHISM 

 Changes produced by great heat & uniform pressure. 

 Changes necessarily takes place in the kata zone, where directed pressure becomes less 

pronounced. 

 High temperature is due to natural increase of temperature with depth(geothermal gradient) & 

magmatic heat. 

 Structures produced are even grained, granulose & directon less; Thorough & complete 

recrystallization occurs. 

 Ex:Granulite, Eclogite, Granulite gneiss. 
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CHAPTER-3 

 

CLAY PRODUCTS        

          4 marks 
 

3.1 INTRODUCTION 

Clay is a fine-grained natural rock or soil material that combines one or more clay 

minerals with traces of metal oxides and organic matter. It is naturally occurring minerals 

which is found almost everywhere on the surface of the earth. 

 

Mineralogically pure clay may be composed of one or more minerals of clay group such as 

KAOLINITE.  Kaolinite is the most important mineral components of common clays. It is 

formed from all rocks containing feldspar mineral as per following reaction: 

2KAlSi3O8 + 2 H2O + CO2   →     Al2Si2O3(OH)4 +  K2CO3  +  4SiO2 (Silica) 

(Feldspar)    (Carbonic Acid)           (Kaolimite)     (Potassium Carbonate)  

 

BRICKS 

 
3.2 CONSTITUENTS OF BRICK EARTH 

Bricks are the most commonly used construction material. Bricks are prepared by moulding 

clay in rectangular blocks of uniform size and then drying and burning these blocks. In order 

to get a good quality brick, the brick earth should contain the following constituents.  

o Silica  

o Alumina  

o Lime  

o Iron oxide  

o Magnesia  

1. Silica  
o Brick earth should contain about 50 to 60 % of silica.  

o It is responsible for preventing cracking, shrinking and warping of raw bricks.  

o It also affects the durability of bricks.  

o If present in excess, then it destroys the cohesion between particles and the brick becomes 

brittle.  

 

2. Alumina  
o Good brick earth should contain about 20% to 30% of alumina.  

o It is responsible for plasticity characteristic of earth, which is important in moulding 

operation.  

o If present in excess, then the raw brick shrink and warp during drying.  

110mm 
230mm 

55mm 

Frog 

https://en.wikipedia.org/wiki/Clay_minerals
https://en.wikipedia.org/wiki/Clay_minerals
https://en.wikipedia.org/wiki/Clay_minerals
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3. Lime  
o The percentage of lime should be in the range of 4% to 6% in a good brick earth.  

o It prevents shrinkage of bricks on drying.  

o It causes silica in clay to melt on burning and thus helps to bind it.  

o Excess of lime causes the brick to melt and brick looses its shape.  

 

4. Iron oxide  
o A good brick earth should contain about 4% to 6% of iron oxide.  

o It gives red colour to the bricks.  

o It improves impermeability and durability.  

o It gives strength and hardness.  

o If present in excess, then the colour of brick becomes dark blue or blakish.  

o If the quantity of iron oxide is comparatively less, the brick becomes yellowish in colour.  

 

5. Magnesia  

o Good brick earth should contain less a small quantity of magnesia about1%)  

o Magnesium in brick earth imparts yellow tint to the brick.  

o It is responsible for reducing shrinkage  

o Excess of magnesia leads to the decay of bricks.  

 

3.3 MANUFACTURE OF BRICKS 

In the process of manufacturing bricks, the following distinct operations are involved.  

• Preparation of clay  

• Moulding  

• Drying  

• Burning  

Each of the above operation of the manufacturing bricks will now be studied at length.  

 

1. Preparation of clay  
The clay for brick is prepared in the following order.  

• Unsoling  

• Digging  

• Cleaning  

• Weathering  

• Blending  

• Tempering  

 

Unsoling: The top layer of the soil, about 200mm in depth, is taken out and thrown away. 

The clay in top soil is full of impurities and hence it is to be rejected for the purpose of 

preparing bricks.  

 

Digging: The clay is then dug out from the ground. It is spread on the levelled ground, just a 

little deeper than the general level. The height of heaps of clay is about 600mm to 1200mm.  

 

Cleaning: The clay as obtained in the process of digging should be cleaned of stones, 

pebbles, vegetable matters. If these particles are in excess, the clay is to be washed and 

screened. Such a process naturally will prove to be troublesome and expensive.  

 

Weathering: The clay is then exposed to atmosphere for softening and mellowing. The 

period varies from few weeks to full season.  

 

Blending: The clay is made loose and any ingredient to be added to it , is spread out at its 

top. The blending indicates intimate or harmonious mixing. It is carried out by taking a small 

amount of clay every time and turning it up and down in vertical direction. The blending 

makes clay fit for the next stage of tempering.  
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Tempering: In the process of tempering, the clay is brought to a proper degree of hardness 

and it is made fit for the next operation of moulding .Kneaded or pressed under the feet of 

man or cattle .The tempering should be done exhaustively to obtain homogeneous mass of 

clay of uniform character.For manufacturing good bricks on a large scale, tempering is done 

in pug mill.A typical pug mill capable of tempering sufficient earth for a daily output of 

about 15000 to20000 bricks.  

 

A pug mill consists of a conical iron tub with cover at its top .It is fixed on a timber base 

which is made by fixing two wooden planks at right angle to each other. The bottom of tub is 

covered except for the hole to take out pugged earth. The diameter of pug mill at bottom is 

about 800mm and that at top is about 1 m.The provision is made in top cover to place clay 

inside pug mill .A vertical shaft with horizontal arms is provided at center of iron tub.The 

small wedge-shaped knives of steel are fixed at arms.The long arms are fixed at vertical 

shaft to attach a pair of bullocks .The ramp is provided to collect the pugged clay .The height 

of pug mill is about 2m. Its depth below ground is 600m to800mm lessen the rise of the 

barrow run and to throw out the tempered clay conveniently.In the beginning, the hole for 

pugged clay is closed and clay with water is placed in pug mill from the top. When vertical 

shaft is rotated by a pair of bullock, the clay is thoroughly mixed up by the action of 

horizontal arms and knives and homogeneous mass is formed.  

 

The rotation of vertical shaft can also be achieved by using steam, diesel or electrical 

power.When clay has been sufficiently pugged, the hole at the bottom of the tub, is opened 

out and pugged earth is taken out from the ramp by barrow i.e. a small cart with wheels for 

next operation of moulding.The pug mill is then kept moving and feeding of clay from top 

and taking out of pugged clay from bottom are done simultaneously.If tempering is properly 

carried out, the good brick earth can then be rolled without breaking in small threads of 3mm 

diameter.  

 

 
Fig: A pug Mill 

 

2. Moulding:  

The clay which is prepared as above is then sent for the text operation of moulding. 

Following are two types of moulding:  

i. Hand Moulding  

ii. Machine Moulding  

 

Hand moulding:  

In hand moulding , the bricks are moulded by hand i.e.; manually. It is adopted where 

manpower is cheap and is readily available for the manufacturing process of bricks ona 
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small scale.The moulds are rectangular boxes which are open at top and bottom.They may 

be of wood or steel.It should be beprepared from well-seasonedwood. The longer sides are 

kept slightly projecting to serve as handles. The strips of brass or steel are sometimes fixed 

on the edges of wooden moulds to make them more durable.It is prepared from the 

combination of steel plate and channel. It may even be prepared from steel angles and plates. 

Thethickness of steel mould is 6mm.They is used for manufacturing bricks on alarge scale. 

The steel moulds are more durable than wooden one and turn out bricks of uniform size.The 

bricks shrink during drying and burning .Hence the mouldsare therefore made larger than 

burnt bricks (8-12%).  

 

The bricks prepared by hand moulding are of two types: Ground moulded and Tablemoulded  

 

Ground mouldedbricks:  

The ground is first made level and fine sand is sprinkled over it.The mould is dipped in 

water and placed over the ground. The lump of tempered clay is taken and is dashed is the 

mould.The clay is pressed in the mould in such a way that it fills all the corners of 

mould.The surplus clay is removed by wooden strike or framed with wire. A strike is a piece 

of wood or metal with a sharp edge.It is to be dipped in water every time.The mould is then 

lifted up and raw brick ids left on the ground.The mould is dipped in water and it is placed 

just near the previous brick to prepare another brick.The process is repeated till the ground is 

covered with raw bricks.The lower faces of ground moulded bricks are rough and it is not 

possible to place frog on such bricks.A frog is mark of depth about 10mm to 20mm which is 

placed on raw brick during moulding.It serves two purposes.  

1.It indicates the trade name of the manufacturer  

2.In brick work, the bricks are laid with frog uppermost. It thus affords a key for mortar 

when the next brick is placed over it.  

The ground moulded bricks of better quality and with frogs on their surface are made by 

using a pair of pallet boards and a wooden block. A pallet is a piece of thin wood.The block 

is bigger than the mould and it has projection of about 6mm height on its surface.The 

dimensions of projection correspond to internal dimensions of mould.The design of 

impression or frog is made on this block.The wooden block is also known as the moulding 

block or stock board.  

 

The mould is placed to fit in the projection of wooden block and clay is then dashed inside 

the mould.A pallet is placed on the top and the whole thing is then turn upside down.The 

mould is taken out and placed over the raw brick and it is conveyed to the drying sheds.The 

bricks are placed to stand on their longer sides in drying sheds and pallet boards are brought 

back for using them again.As the bricks are laid on edge, they occupyless space and they dry 

quicker and better.  

 

Table Moulded Bricks:  

i) The process of moulding of bricks is just similar as above.But in this case, the mould 

stands near a table size 2m x 1m. The bricks are moulded on the table and send for further 

process of drying.  

ii) However the efficiency of the moulder gradually decreases because of standing at some 

place for a longer duration.The cost of brick is also increases when table moulding is 

adopted.  

 

Machine Moulding:  

This type of moulding is carried out by two processes:  

i) Plastic clay machine  

ii) Dry clay machine  
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Plastic Clay Moulding  

i) Such machine consists of a rectangular opening having length and width is equal to an 

ordinary bricks. The pugged clay is placed in the machine and it comes out through the 

rectangular opening.  

ii) These are cut into strips by the wire fixed at the frame. The arrangement is made in such a 

way that the strips thickness is equal to that of the bricks are obtained. So it is also called as 

WIRE CUT BRICKS.  

 

Dry Clay Machine moulding:  

In these machines, the strong clay is finally converted in to powered form.A small quantity 

of water is then added to form a stiff plastic paste.  

ii) Such paste is placed in mould and pressed by machine to form dry and well-shaped 

bricks. They do not require the process of drying.  

Drying  

The damp bricks, if brunt,are likely to be cracked and distorted.Hence the moulded bricks 

are dried before they are taken for the next operation of burning. For the drying the bricks 

are laid longitudinally in the stacks of width equal to two bricks,A stack consists of ten or 

eight tiers.The bricks are laid along and across the stock in alternate layers. All the bricks are 

placed on edges. The bricks are allowed to dry until the bricks are become leather hard of 

moisture content about 2%.  

 

3. Drying 

 

4. Burning  

Bricks are burned at high temperature to gain the strength, durability, density and red color 

appearance. All the water is removed during temperature 400
0
C  to 600

0
C and process is 

dehydration. Now the bricks are burnt upto 900
0
C by process called oxidation and burnt at 

an temperature of about 1100 degrees and process called verification because the fusing of 

sand and lime takes place at this temperature and chemical bonding takes between these 

materials after the temperature is cooled down resulting in the hard and dense mass.  

 

Bricks are not burnt above this temperature because it will result in the melting of the bricks 

and will result in a distorted shape and a very hard mass when cooled which will not be 

workable while brickwork. Bricks can be burnt using the following methods:  

(a) Clamp Burning  

(b) Kiln Burning  

 

Clamp Burning:  

Clamps are temporary structures and they are  

adopted to manufacture bricks on small scale. 

Kilns are permanent structures and they are  

adopted to manufacture bricks on a large scale.  

A typical clamp is as shown in fig 
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 A trapezoidal shape in plan with shorter is slightly in excavation and wider end raised at 

an angle of 15
0
 from ground level. 

 A brick wall with mud is constructed on the short end and a layer of 70cm to 80cm thick 

fuel (grass, cow dung, ground nuts, wood or coal) laid on the floor.  

 A layer consists of 4 or 5 courses of raw bricks laid on edges with small spaces between 

them for circulation of air. 

 A second layer of fuel is then placed, and over it another layer of raw bricks is put. The 

total height of clamp in alternate layers of brick is about 3 to 4 m. 

 When clamp is completely constructed, it is plastered with mud on sides and top and 

filled with earth to prevent the escape of heat . 

 

The period of burning is about one to two months and allow the same time for coding  

Burnt bricks are taken out from the clamp  

 

Advantages: 
1. The bricks produced are tough and strong because burning and cooling are gradual.  

2. Burning in clamps proves to be cheap and economical. 

3. No skilled labour and supervision are required for the construction of clamps.  

4. There is considerable saving of clamps fuel. 

Disadvantages of Clamp burning:  

1. Bricks at the bottom are over-burnt while at the top are under-burnt.  

2. Bricks loose their shape, and reason may be their descending downward once the fuel 

layer is burnt.  

3. This method cannot employ for the manufacturing of large number of bricks and it is 

costly in terms of fuel because large amount of heat is wasted.  

4. It cannot be employed in monsoon season.  

 

Kiln burning 

A kiln is a large oven, which is used to burnt bricks by 

1. Intermittent kilns  

2. Continuous kilns  

1) Intermittent kilns: These intermittent in operation, which means that they are loaded, 

fired, cooled and unloaded. 

 Intermittent up-draught kilns  

 Intermittent down-draught kilns  

a) Intermittent up-draught kiln: This is in the form of rectangular with thick outside walls 

as shown in the fig 2.4. wide doors are provided at each end for loading and unloading of 

kilns. A temporary roof may be installed to protect from rain and it is removed after kiln is 

fired. Flues are provided to carry flames or hot gases through the body of kiln. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig 2.4 Intermittent kiln 
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 Raw bricks are laid in row of thickness equal to 2 to 3 bricks and height 6 to 8 bricks with 

2 bricks spacing between rows  

 Fuels are filled with brush wood which takes up a free easily  

 Loading of kiln with raw bricks with top course is finished with flat bricks and other 

courses are formed by placing bricks on edges  

 Each door is built up with dry bricks and are covered with mud or clay  

 The kiln is then fired for a period of 48 to 60 hours draught rises in the upward direction 

from bottom of kiln and brings about the burning of bricks.  

 Kiln is allowed to cool down and bricks are then token out  

 Same procedure is repeated for the next burning  

 

Bricks manufactured by intermittent up drought kilns are better than those prepared by 

clamps but bricks burnt by this process is not uniform, supply of bricks is not continuous and 

wastage of fuel heat. 

 

(b) Intermittent down-draught kilns: 
 

These kilns are rectangular or circular in shape. They are provided with permanent walls and 

closed tight roof. Floor of the kiln has opening which are connected to a common chimney 

stack through flues. Working is same as up-draught kiln. But it is so arranged in this kiln that 

hot gases are carried through vertical flues upto the level of roof and they are then released. 

These hot gases move down ward by the chimney draught and in doing so, they burn the 

bricks. 

 

Advantages: 

 Bricks are evenly burnt  

 Performance of this kiln is better than that of up-draught kiln  

 This kiln is suitable for burning of structural clay tiles, terra cota because of close control 

of heat.  

 

Continuous kilns:  

 

These kilns are continuous in operations. This means that loading, firing, cooling and 

unloading are carried out simultaneously in these kilns. There are three types of continuous 

kilns. 

1. Bull’s trench kiln  

2. Hoffman’s kiln  

3. Tunnel kiln  

Bull’s trench kiln: This kiln may be of rectangular, circular or oval shape in the plan as 

shown in fig . It is constructed in a trench excavated in ground either fully under ground 

partially projecting above ground openings is provided in the outer walls to act as flue holes. 

Dampers are in the form of iron plates and they are used to divide the kilns in suitable 

sections and most widely used kiln in India.  

 

 

 

 

 

 

 

 

 

 

Fig: Bull’s trench kiln 
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The bricks are arranged in such a way that flues are formed. Fuel is placed in flues and it is 

ignited through flue holes after covering top surface with earth and ashes to prevent the 

escape of heat usually two movable iron chimneys are employed to form draught. These 

chimneys are placed in advance of section being fired. Hence, hot gases leaving the chimney 

warm up the bricks in next section. Each section requires about one day to burn. The 

tentative arrangement for different sections may be as follows 

 

Section 1 – loading 

Section 2 – empty 

Section 3 – unloading 

Section 4 – cooling 

Section 5 – Burning 

Section 6 – Heating 

 

b) Hoffman’s kiln: this kiln is constructed over ground and hence, it is sometimes known as 

flame kiln. Its shape is circular to plan and it is divided into a number of compartments or 

chambers. A permanent roof is provided; the kiln can even function during rainy season. Fig 

below shows plan and section of Hoffman’s kiln with 12 chambers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.6 Hoffman’s kiln 
 

Chamber 1 - loading 

Chamber 2 to 5 – drying and pre-heating 

Chambers 6 and 7 - burning  

Chambers 8 to 11 - cooling  

Chamber 12 – unloading 

The initial cost in stalling this kiln is high, the following advantages 

 

 Good quality of bricks are produced  

 It is possible to regulate heat inside the chambers through fuel holes  

 Supply of bricks is continuous and regular  

 There is considerable saving in fuel due to pre heating of raw bricks by flue gases  

 

c) Tunnel kiln: This type of kiln is in the form of tunnel, which may be straight, circular or 

oval in the plan. Raw bricks are placed in trolleys which are then moved from one end too 

the other end of tunnel. Raw bricks get dried and pre-heated as they approach zone of fire. In 
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zone of fire, bricks are burnt to the required deque and they are then pushed forward for 

cooling. When bricks are sufficiently cooled, they are unloaded. The kiln proves to be 

economical when the bricks are manufactures on a large scale. As temperature is under 

control, uniform bricks of better quality are produced. 

 

 

 

 

3.4 GOOD QUALITIES OF BRICK 

The essential requirements for building bricks are sufficient strength in crushing, regularity 

in size, and a pleasing appearance when exposed to view.  

 

1. Size and shape:  
The bricks should have uniform in size i.e 230X110X55 mm in Nepal, rectangular surfaces 

with parallel sides and sharp straight edges and at right angles.  

 

2.Color:  
The brick should have a uniform deep red (or) cherry colour as indicative of uniformity in 

chemical composition and thoroughness in the burning of the brick.  

 

3.Texture and compactness:  

The surfaces should not be too smooth to cause slipping of mortar. The brick should have 

uniform texture and should not show fissures, holes etc. 

 

4. Hardness and soundness:  
The brick should be so hard that when scratched by a finger nail no impression is made. 

When two bricks are struck together, a metallic sound should be produced.  

 

5. Water Absorption  
should not exceed 20% of its dry weight when kept immersed in water for 24 hours. In any 

case it shouldn’t exceed 25%. 
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6. Crushing Strength  
should not be less than 3.4 N/mm2. Roughly the  brick should not break when falls freely 

from a height of 1-2m. 

 

7. Resistance to fire 

8. Efflorescence  

A good brick should not contain much alkali salts ( sulphates of Calcium, Magnesium, 

Sodium or Potassium) which may cause efflorescence on its surface and decay the brick. 

 

9. Specific gravity 

The specific gravity of good brick should not be greater than 1.8. 

  

10.  Brick earth should be free from stones, Kankars, Organic matter, salt petre etc. 

 

3.5 CLASSIFICATION OF BRICKS 

Bricks can broadly be divided into two categories. 

i. Unburnt or sundried bricks  

ii. Burnt bricks  

 

i. Un burnt or Sun dried bricks- UN burn or sun dried with the help of heat received from 

sun after the process of moulding. These bricks can only be used in the constructions of 

temporary and cheap structures. Such bricks should not be used at places exposed to heavy 

rains.  

 

ii. Burnt Bricks: The bricks used in construction works are burnt bricks and they are 

classified into the following four categories.  

 

a. First Class bricks:  

 Well burnt bricks having even surfaces and perfectly rectangular shape. 

 When the bricks are struck together metallic sound is heard. 

 Compressive Strength should not be less than 120 kg/cm
2
 and water absorption should 

not exceed 20% after 24 hours immersing in water. 

 Should have uniform appearance, textures and structures 

Uses: excellent for all construction in exterior walls when plastering is not required. 

b. Second class bricks:  

 Well burnt bricks even slight overburning is accepted. 

 When the bricks are struck together metallic sound is heard which is a must. 

 Compressive Strength should not be less than 70 kg/cm
2
 and water absorption should not 

exceed 20 to 22% after 24 hours immersing in water. 

 Should have uniform appearance and rectangular shape but slight irregularity is accepted. 

Uses: for exterior walls when plastering is required and not used in flooring 

 

c. Third class bricks:  

 Poorly burnt or unevenly burnt i.e. under or overburnt 

 When the bricks are struck together dull sound is heard. 

 Compressive Strength should not be less than 35 to 70 kg/cm
2
 and water absorption 

should not exceed  22 to 25% after 24 hours immersing in water. 

 non uniform appearance,shape and size. 

Uses: ordinary type of construction 

 

c. Fourth class bricks:  

 irregular in shape and dark in color due to overburning. 

 Quite strong in compression and has compressive strength of above 150kg/cm
2
 and low 

porosity and absorption. 
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Uses: These bricks are used as aggregate for concrete in foundation, floors, roads, etc 

because of the fact that the over burnt bricks have compacted structure and hence, they are 

some times found stronger than even first class bricks.  

 

d. Heavy duty bricks: 

 Exceptionally dense, perfectly burnt and very strong. 

 Ideally rectangular shape and smooth surfaces which gives metallic sound. 

 Compressive Strength as high as 440 kg/cm
2
 and water absorption as low as 5% after 24 

hours immersing in water. 

Uses: used in construction where construction has to remain in contact with water. 

  
3.6 STANDARD TESTS FOR BRICKS 

To know the quality of bricks following 7 tests can be performed. In these tests some are 

performed in laboratory and the rest are on field. 

 Compressive Strength Test 

 Water Absorption test  

 Efflorescence test  

 Hardness test  

 Size, Shape and Colour test  

 Soundness test 

  Structure test  

1. Compressive strength test:  

This test is done to know the compressive strength of brick. It is also called crushing strength 

of brick. Generally 5 specimens of bricks are taken to laboratory for testing and tested one 

by one. In this test a brick specimen is put on crushing machine and applied pressure till it 

breaks. The ultimate pressure at which brick is crushed is taken into account. All five brick 

specimens are tested one by one and average result is taken as brick’s compressive/crushing 

strength.  

Compressive strength = P/A 

 Where P = load that causes failure of brick 

             A = C/s area of bricks 

 

 

2.Water Absorption test:  

In this test bricks are weighed in dry condition and let them immersed in fresh water for 24 

hours. After 24 hours of immersion those are taken out from water and wipe out with cloth. 

Then brick is weighed in wet condition. The difference between weights is the water 

absorbed by brick. The percentage of water absorption is then calculated. The less water 

absorbed by brick the greater its quality. Good quality brick doesn’t absorb more than 20% 

water of its own weight.  

Absorption % = 
𝑾𝟐 − 𝑾𝟏

𝑾𝟏
 X 100% 

Where W2 = weight of brick after soaking 

 W1 = Weight of dry brick 

 

3. Efflorescence test:  

The presence of alkalies in bricks is harmful and they form a grey or white layer on brick 

surface by absorbing moisture. To find out the presence of alkalis in bricks this test is 

performed.  

 

In this test a brick is immersed in fresh distilled water for 24 hours in shallow bottom dish. 

The temperature is maintained between 18-30
0
C with adequate ventilation and then it’s taken 

out from water and allowed to dry in shade. If the whitish layer is not visible on surface it 

proofs that absence of alkalis in brick.  
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Outcome: 

 If the whitish layer visible about 10% of brick surface then the presence of alkalis is in 

acceptable range.  

 If that is about 50% of surface then it is moderate.  

 If the alkalies’ presence is over 50% then the brick is severely affected by alkalies.  

 

4. Hardness test:  

In this test a scratch is made on brick surface with a hard thing. If that doesn’t left any 

impression on brick then that is good quality brick.  

 

5. Size, shape and colour test:  

In this test randomly collected 20 bricks are staked along lengthwise, width wise and height 

wise and then those are measured to know the variation of sizes as per standard. Bricks are 

closely viewed to check if its edges are sharp and straight and uniform in shape. A good 

quality brick should have bright and uniform colour throughout.  

 

6. Soundness test:  

In this test two bricks are held by both hands and struck with one another. If the bricks 

give clear metallic ringing sound and don’t break then those are good quality bricks.  

 

7. Structure test:  

In this test a brick is broken or a broken brick is collected and closely observed. If there 

are any flows, cracks or holes present on that broken face then that isn’t good quality 

brick.  
 

3.7 TILES AND THEIR TYPES 

A tile is a manufactured piece of hard-wearing material such as ceramic, stone, metal, or 

even glass, generally used for covering roofs, floors, walls, showers, or other objects such as 

tabletops. Alternatively, tile can sometimes refer to similar units made from lightweight 

materials such as perlite, wood, and mineral wool, typically used for wall and ceiling 

applications 

 

TYPES 

1. FLOOR TILES 

 Used for flooring in the building, flat in shape generally rectangular or square. 

 Dimensions available are 20*20*20 cm, 15*15*18 cm and 22.5 *22.5*22 cm 

 Should produce ringing sound when struck with one another 

 Should not absorb water more than 24% by weight. 

 

2. WALL TILES 

 Similar to floor tiles except for their design and degree of burning. 

 Are burnt comparatively at low temperature and then glazed and again burnt at low 

temperature. 

 Used for face work, to some extent on arches and for architectural ceilings. 

 

3. ROOFING TILES 

a) Pot Tiles 

 Ordinary but common class of roofing tiles 

 Individual tiles is semi circular in out line and has tapering diameter 9cm at one end 

and 5cm in other end. 

 Also called pan tiles if moulded by potter ( hard and moulded) 

https://en.wikipedia.org/wiki/Ceramic
https://en.wikipedia.org/wiki/Rock_(geology)
https://en.wikipedia.org/wiki/Glass
https://en.wikipedia.org/wiki/Perlite
https://en.wikipedia.org/wiki/Wood
https://en.wikipedia.org/wiki/Mineral_wool
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Fig: Pot Tiles 

b) Flat Tiles 

 Almost rectangular in outline 

 Such tiles shall be uniform in size and shape and shall be free from distortion like 

bends, twists and cracks.  

 Minimum compressive strength of 75kg/cm
2
 and maximum water absorption of 20% 

are requisite qualities of flat tiles 

 

c) Allahabad tiles 

 Are of different shapes and they are laid side by side and joints are covered with half 

round tiles 

 Used for making good roofs. 

 
Fig: Allahabad Tiles 

d) Mangalore tiles 

 So named because of their early manufacture in Mangalore, India 

 16 tiles are required to cover one square meter of land. 

 Used to provide better roofs at economic costs. 

 Dimensions available are: 410mm X 235mm, 420mm X 250mm, 425mm X 260mm 

 Weight of 6 tiles when dried at 105
0
C, shall not be less than 2 kg and not more than 3 

kg. 

 Types: 

 Class AA: moisture absorption less than 10% and breaking load 100 – 102 kg/cm
2
. 

 Class A: moisture content not exceeding 24% and breaking load 68 kg/cm
2
.  

 
Fig: Mangalore tiles 

 

20 cm 

5 cm 

9 cm 

20 cm 5 cm 
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e) Corrugated tiles 

 Have corrugation. 

 Placing of such tiles on a roof gives an appearance of corrugated galvanized iron 

sheets. 

 Very good in appearance. 

 
Fig: Corrugated Tiles 

4. DRAIN TILES 

 Usually long, curved sections of various shapes and size such as semi circular, 

circular, etc. 

 Used in draining waste water. 

 

5. GLAZED EARTHERNWARE TILES 

 Have top surface glazed and under surface unglazed so that the tiles adhere to the base 

properly 

 Size: 149mm X 149 mm and 99 mm X 99mm and thickness 5,6,7 mm and should not 

absorb water more than 18%. 

 Used for finishing surfaces for walls and floors for water closets, bathrrom, kitchen, 

hospitals,etc. 

 

3.8 EARTHERN WARE AND GLAZING 

Earthernware: 

 Earthernware are clay products manufactured from ordiary clay mixed with sand, crushed 

pottery,etc by burning at low temperature. 

 Soft and porous 

 Should not absorb more than 18% of water 

 

Glazing: 

 It is the process of forming some transparent film over the surface of brick, tiles, 

earthernware to improve and protect them from the action of weather, sewage, chemicals, 

etc 

 0.1mm – 0.2 mm glassy coat is applied to the surface 

 May be transparent like glass or opaque like enamels 

 For colored glazes, the oxide and salts of various metals or special coloring agents are 

added. 

 

Transparent Glazing: 

 Used in earthernware and fine clay. 

 

Opaque or skip glazing 

Used in basins, dishes, cups. 
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CHAPTER-4 

 

LIME           

           3 marks 
 

 

4.1 INTRODUCTION 

Calcium oxide + some % of silica and Alumina (in the form of clay) 

 

Lime is an important cementing material used in Engineering construction. A cementing material may 

be defined as the material which has capacity of holding structural units (like bricks,stones, 

aggregates) together with sufficient strength. 

 

Lime in its simplest form is an oxide of Calcium oxide (CaO). It has been used since the ancient times 

in the construction of ordinary buildings and also massive monuments, palaces, forts. It was only after 

the advent of Portland cement in 1824 that its importance and use have reduced to some extent. It is 

economical than cement mortar and good workability & plasticity. In Nepal Dharahara, 

SinghaDurbar, etc. are constructed with lime mortar.  

 

Formation of lime: (Manufacture) 

The principle stages in manufacture of lime are as: 

a) Calcination or burning 

b) Hydration or slaking 

 

CALCINATION 

This is the process of heating the limestone to redness in the presence of atmospheric air. During 

calcinations CO2 is driven out and Calcium oxide (CaO) is left as the final product. 

 CaCO3 + heat → CaO + CO2 

         Limestone               Lime 

 

HYDRATION 

The lime thus obtained is k/a quick lime. Quick lime has great affinity for moisture. The quick lime as 

it comes out from kiln is k/a lump lime. Adding water is sufficient quantity to quick lime is k/a 

slaking or hydration. When water is added to quick lime it swells and cracks. Lots of heat is generated 

during slaking and quick lime get converted into hydrated lime or Calcium hydrate ( Ca(OH)2). 

 CaO + H2O → Ca(OH)2 

        Quick lime  Slaked lime 

The hydrated lime is also called slaked lime. The hydrated lime thus obtained is in the form of dry 

powder, which is sold in market in packet bags. 

 

4.2 TYPE, PROPERTIES AND USES OF LIME 

Limes are usually divided into three types: 

1. Fat, Rich, Pure, High Calcium or White Lime 

2. Poor Lime 

3. Hydraulic Lime 

 

1. FAT, RICH, PURE, HIGH CALCIUM OR WHITE LIME 

It slakes vigorously and its volume is increased to about 2-3 times its original volume. It contains 

about 95% CaO and 5% other materials (Silica & Alumina in the form of clay) which are impurities. 

Setting of lime is entirely dependent upon the atmospheric oxygen. For setting, this lime absorbs CO2 

and gets converted into CaCO3, which is quite hard, insoluble in water. Setting & hardening actions of 

this lime is very slow. 
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Properties of Fat lime: 

 It’s setting and hardening action are slow. 

 It slakes vigorously with hissing sound and lot of heat is generated during slaking 

 It swells 2-3 times of original volume after slaking 

 It has very high degree of plasticity 

 It is milky white in its purest form 

 

Uses: 

 White washing 

 Lime plastering 

 Lime mortar for walls 

 Manufacture of artificial hydraulic lime 

 Lime cement mortar 

 Lime surkhi mortar 

 

2. POOR OR LEAN LIME 

When the clay content is more than 30% the lime is k/a poor lime. Poor lime slakes very slowly. It 

doesn’t dissolve in water and forms a thin paste with water. It has poor binding property, therefore it 

is used in inferior types of work. 

 

3. HYDRAULIC LIME 

Lime containing small quantity of silica, alumina and iron oxide which are in chemical combination 

with some of the CaO content which have the chemical property of setting and hardening under water 

in absence of air is k/a hydraulic lime. Depending upon the amount of clay present, hydraulic lime can 

be classified as: 

 Feebly Hydraulic Lime 

 Moderately Hydraulic Lime 

 Eminently Hydraulic Lime 

 

Feebly Hydraulic Lime 

It contains 5 – 15 % of clay, slakes slowly with very small amount of increase in volume and used in 

inferior masonry work. 

 

Moderately Hydraulic Lime 

It contains 15 – 25 % of clay, slakes very slowly with very small amount of increased in volume and 

used in good types of masonry works. 

 

Eminently Hydraulic Lime 

It is of better quality than above two. It contains 25 – 30% of clay, resembles very much to Portland 

cement in chemical composition. 

Uses: 

Used for structural purposes and works carried under water or in damp condition. 

 

Properties of Hydraulic Lime 

 Increased % of clay renders lime more hydraulic and makes slaking more difficult 

 Can set under water 

 Can set under situations where free air cannot reach 

 Lime is not perfectly white 

 Doesn’t dissolve in water but forms thin plastic paste with water 
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COMPARISION BETWEEN FAT LIME AND HYDRAULIC LIME 

 

S.N. Properties Fat Lime Hydraulic Lime 

1. Raw material Limestone Kankar 

2. Impurities Less than 5% 5 – 30% 

3. Color White Greyish white 

4. Slaking actions Creates hissing sound & lot of 

heat emitted with 2 – 3 times 

increased in volume. The rate of 

slaking is 2 – 4 hrs. 

No sound & heat is 

generated, slight increase in 

olume, slaking action is 

slow. 

5. Setting Sets in presence of air Sets in absence of air 

6. Hydraulicity Doesn’t exhibits hydraulic 

property 

Hydraulic in nature 

7. Strength Not much strength stronger 

8. Uses White washing, lime plastering, 

lime mortar for walls 

Mortar  for heavy masonry 

works, works under water 

 

4.3 PROPERTIES AND USES OF POZZOLANIC MATERIAL 

Pozzolanic Materials 

These are silicious materials which while having no cementious values within themselves will 

chemically reacts with Calcium hydroxide at ordinary temperature in presence of moisture to form 

compounds possessing  cementing properties. They are also k/a mineral admixture. 

 Natural Pozzolana: Clay, shales 

 Artificial Pozzolana : Surkhi, fly ash, blast, furnace slag, rice husks. 

 

Properties and uses: 

 Durability against thermal cracking 

 Exhibits high cementing properties 

 Acts as supplementary cementing materials 

 Use of ground clay brick reduces the alkali silica reaction 

 Enable lime mortar to set more rapidly 

 To form stable compounds thus reducing the risk of frost damage 

 The density and compressive strength of mortar can be increased 
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CHAPTER-5 

 

CEMENT           

           5 marks 
 

 

5.1 INTRODUCTION 

The natural cement is obtained by burning and crushing the stones containing  clay, carbonate of lime 

(CaCO3) and a little quantity of magnesia. The natural cement is brown in color and is also known as 

Roman cement.The artificial cement was invented by a mason Joseph Aspdin in England in  

1824. He took out a patent for this cement and called it Portland cement because it had resemblance in 

its color after setting, to a variety of sandstone which is found in Portland in England. The 

manufacture of Portland cement was started in England around 1825.  Belgium and Germany started 

the same in 1855. America started the same in 1872 and India was installed in Tamil Nadu in 1904.  

 

Cement is a binder, a substance that sets and hardens and can bind other materials together. Cements 

used in construction can be characterized as being either hydraulic or non-hydraulic, depending upon 

the ability of the cement to be used in the presence of water.Non-hydraulic cement will not set in wet 

conditions or underwater, rather it sets as it dries and reacts with carbon dioxide in the air. It can be 

attacked by some aggressive chemicals after setting.Hydraulic cement is made by replacing some of 

the cement in a mix with activated aluminium silicates, pozzolanas, such as fly ash. The chemical 

reaction results in hydrates that are not very water-soluble and so are quite durable in water and safe 

from chemical attack. This allows setting in wet condition or underwater and further protects the 

hardened material from chemical attack (e.g., Portland cement). 

 

Cement is one of the important element in the construction industries. In all types of constructions, 

like roads, water tanks, bridges, buildings, dams, tunnels, etc cement is used as the binding material. 

For normal construction OPC (Ordinary Portland Cement) is used and for other use under specific 

conditions, cement with varying  composition and properties are used. 

 

5.2 TYPES, PROPERTIES AND USES OF CEMENT 

Many types of cements are available in markets with different compositions and for use in different 

environmental conditions and specialized applications. A list of some commonly used cement is 

described in this section: 

1. ORDINARY PORTLAND CEMENT 

 Ordinary Portland cement is the most common type of cement in general use around the world. 

 Medium rate of strength and heat generation 

 Initial setting and final setting time are 30 minutes and 10 hours respectively 

 Possess sufficient resistance against cracking but less resistance to chemical attack 

 Used in almost all types of construction 

 

2. RAPID HARDENING PORTLAND CEMENT 

 Gives strength faster than OPC though its initial and final setting time is same as OPC 

 It contains more C
3
S are less C

2
S than the ordinary Portland cement 

 Lighter than OPC and curing period is also short 

 Generally used in construction field where strength should be achieved more quickly and 

formwork should be removed easier. 

 

3. LOW HEAT CEMENT 

 Less rate of heat production 

 It contains less percentage of C
3
S  and more C

2
S than the ordinary Portland cement 

 Used in dams and pillars (mass concrete work) 
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 Reduce and delay the heat of hydration 

 Initial setting time  shall not be less than 60 mins and final setting time shall not be more than 10 

hrs. 

 

4. SULPHATE RESISTING PORTLAND CEMENT/ SUPER SULPHATE CEMENT 

 This variety of cement is manufactured by adding quantities of Calcium Sulphate and blast furnace 

slag to OPC. 

 Useful for mass concreting works especially in sulphate rich environment & marine conditions. 

 

5. PORTLAND SLAG CEMENT 

 Prepared by mixing slag from the blast furnace with cement clinker and gypsum and grinding them 

in the ball mill 

 Has less heat of hydration and better resistance to acid and other corrodant environment. If rate of 

strength development is slightly lower than OPC as it utilizes the blast furnace slag, it is cheaper 

than OPC 

 Generally used in mass concrete works and marine works. 

 

6. WHITE CEMENT 

 White in color due to absence of Iron oxide and Magnesium oxide 

 Same strength and properties as OPC but higher aesthetic value 

 Expensive 

 Used in finish works such as floor finish, tile joints, mortar or marbles, etc 

 

7. COLORED CEMENT 

 The Cement of desired colour may be obtained by mixing mineral pigments with ordinary Cement. 

 The amount of colouring material may vary from 5 to 10 percent. If this percentage exceeds 

10percent, the strength of cements is affected.

  The iron Oxide in different proportions gives brown, red or yellow colour. The coloured Cement 

are widely used for finishing of floors, window sill slabs, stair treads etc. 

 

8. HIGH ALUMINA CEMENT 

 Type of rapid hardening cement manufactured by fusing the limestone and bauxite at high 

temperature 

 Contains about 35% alumina 

 Has chocolate color and high resistance to sulphate attack, fire and acid 

 Initial setting time is around 2.5 hrs to 3 hrs and final setting time is 4- 5.5 hrs. As the final setting 

time is quick and heat generation is also fast it gains high strength in short time 

 Unsuitable for mass concrete works and expensive than OPC and used in underwater construction, 

cold working temperature and chemical plants and furnaces. 

   

9. PORTLAND POZZOLONA CEMENT 

 Pozzolona is volcanic powder first obtained at pozzouli near Mt. Vesuvius in Italy form where the 

name is derived 

 Contains about 80% clay along with lime, magnesia and iron oxide,etc 

 Pozzolona itself has no cementing property which is more resistance to chemical attack and 

hardens slowly. About 70% by weight of ordinary cement clinker is mixed with 30% by weight of 

pozzolona grinded first in ball mill & then in tube mill to get pozzolona cement. 

 Cheaper than OPC. 

  

10. HYDROPHOBIC CEMENT 

 Special type of cement containing admixtures which reduce affinity of cement grains for water. 

Such cements are specially useful for applications in cold, frost forming conditions. Admixtures of 

neptha, a soap and acidol are generally added to achieve the property. 



A complete note on Civil Engineering Materials, Chapter-5 

 

Prepared By: Er. Anup Shrestha 3 

 

11. LOW ALKALI CEMENT 

 In circumstances where aggregates available for making concrete are suspected to contain reactive 

silica, use of low alkali cement is recommended. 

 

5.3 INGREDIENTS OF CEMENT 

The ordinary cement contains two basic ingredients namely, argillaceous (clay predominates ) and 

calcareous ( calcium carbonate predominates). A typical chemical analysis of an ordinary cement is as 

follows: 

Ingredients Composition % range Functions 

Lime CaO 60-65  Controls strength and soundness 

 Deficiency reduces strength and setting time 

 Excess makes the cement unsound and cause the 

cement to expand 

Silica SiO2 18-25  Imparts strength 

 Excess enhances the strength but take much time 

to set and harden 

Alumina Al2O3 3-8  Imparts quick setting quality to cement 

 Excessive amount renders the strength. 

 Acts as slag and lowers the clinkering temperature. 

Calcium 

Sulphate 

(Gypsum) 

CaSO4 3-5  Helps in increasing initial setting time of cement 

hence acts as render 

 

Iron Oxide Fe2O3 1-5  Provides color, hardness and strength 

 Helps in fusion of raw materials during 

manufacture or cement.  

Magnesium 

Oxide 

MgO 1-4  Present in small amount imparts hardness and 

color 

 Excess amount introduces undesirable qualities 

such as delayed setting and expansion resulting in 

cracking of the set cement.  

Sulphur 

Trioxide 

SO3 1-2  Present in small quantity makes cement sound  

( strong and durable) otherwise unsound.  

 

Alkali Na2O + K2O 1-2  Present in small quantities 

 Excess causes efflorescence and cracking 

 

5.4 MANUFACTURE OF CEMENT ( FLOW DIAGRAM) 

DRY PROCESS 
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DRY PROCESS 

1. Treatment of raw materials 

 Raw materials like limestone and clay are subjected to such process as crushing, drying, 

grinding, proportioning & blending or mixing before they are fed to kiln for calcination or 

burning 

 Crushing stage: breaking to fragments 6-14 mm using crushers 

 Drying stage: 

 Preliminary grinding stage:  Ball mills are used 

 Fine grinding stage:  using tube mills 

 Proportioning and Blending 

2. Burning or calcination 

 The fine powdered mixture is changed into a long steel cylinder called rotary kiln 

 Dehydration: 400
0
C 

 Dissociation of Carbonates: (800
0
C – 900

0
C) 

 Compound formation: ( 1200
0
C – 1550

0
C) 

3. Griding the clinker 

The ompletely burned or calcined raw materials of the kiln obtained in lump-shaped product is 

called clinker. Gypsum is added to it. 

4. Packing and storage of cement 

 

WET PROCESS 
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WET PROCESS 

Considered a better and convenient process  

a. Preparation of slurry 

raw materials are supplied to the kiln with sufficient water. This is called slurry 

b. Burning 

Burned in rotary kiln and all the moisture is removed 

c. Grinding the clinker 

3-4 % of gypsum (CaSO4.2H2O) is added. 

 

5.5 COMPOSITION AND FUNCTION OF CEMENT CLINKER 

The burnt product as it comes out from the cement kilns is called clinker. The major composition of 

the cement clinker are given below: 

 

Composition of Cement clinker  

The various constituents combine in burning and form cement clinker. The compounds formedin the 

burning process have the properties of setting and hardening in the presence ofwater.They are known 

as Bogue compounds after the name of Bogue who identified them. These compounds are as follows: 

Alite (Tricalcium silicate or C
3
S), Belite (Dicalcium silicate or C

2
S), Celite (Tricalciumalluminate or 

C
3
A) andFelite (Tetracalciumalumino ferrite or C

4
AF).  

 

Tricalcium silicate (3Ca).SiO2) 

 It is about 45-65% (normally about 40 per cent) of cement.  

 Generates heat more rapidly 

 Hydrates more rapidly 

 Posseses less resistance to chemical attack. 

 The hydrolysis of C
3
S is mainly responsible for 7 day strength and hardness. The rate of 

hydrolysis of C
3
S and the character of gel developed are the main causes of the hardness and 

early strength of cement paste. The heat of hydration is 500 J/g.  

 

Dicalcium silicate (2CaO. SiO2) 

 It constitutes about 20-35% (normally about 32 per cent) of cement.  

 It hydrates and hardens slowly and takes long time to add to the strength (after a year or 

more) so imparts ultimate strength.  

 It impartsresistance to chemical attack.  

 Rising of C
2
S content renders clinker harder to grind, reduces early strength, decreases 

resistance to freezing and thawing at early ages and decreases heat ofhydration. The 

hydrolysis of C
2
S proceeds slowly. The heat of hydration is 260 J/g.  

 

Tricalciumalluminate (3CaO. Al2O3) 

 It is about 5-15% (normally about 10.5 per cent) of cement.  

 It rapidly reacts with water and is responsible for flash set of finely grounded clinker Hence 

causes initial setting of the cement.  The rapidity of action is regulated by the addition of 2-

3% of gypsum at the time of grinding cement.  

 Weak against sulphate attack 

 Doesnot contribute to develop strength 

 The heat of hydration of 865 J/g.  

 

Tetracalciumalumino ferrite (4CaO. Al2O3 .Fe2O3) 

 It constitutes about 8–18% (normally about 9 per cent) of cement. 

 It is responsible for flash set but generates less heat and increase the volume of the cement  

 It has poorest cementing value.  

 Raising theC4AF content reduces the strength slightly. The heat of hydration is 420 J/g. 
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5.6 STANDARD TEST OF CEMENT 

Various tests on cement:  

Basically two types of tests are under taken for assessing the quality of cement. These are either field 

test or lab tests. The current section describes these tests in details.  

 

Field test:  

There are four field tests may be carried out to as certain roughly the quality of cement.There are four 

types of field tests to access the colour, physical property, and strength of the cement as described 

below.  

Colour 

• The colour of cement should be uniform.  

• It should be typical cement colour i.e. grey colour with a light greenish shade.  

 

Physical properties  

• Cement should feel smooth when touched between fingers.  

• If hand is inserted in a bag or heap of cement,it should feel cool.  

 

Presence of lumps  

• Cement should be free from lumps.  

• For a moisture content of about 5 to 8%,this increase of volume may be much as 20 to 40 

%,depending upon the grading of sand.  

 

Strength  

• A thick paste of cement with water is made on a piece of thick glass and it is kept under water for 24 

hours.It should set and not crack.  

 

Laboratory tests:  

Six laboratory tests are conducted mainly for assessing the quality of cement. These are: fineness, 

compressive strength, consistency, setting time, soundness and tensile strength.  

 

Fineness  

• This test is carried out to check proper grinding of cement.  

• The fineness of cement particles may be determined either by sieve test or permeability apparatus 

test.  

• In sieve test ,the cement weighing 100 gm is taken and it is continuously passed for 15 minutes 

through standard BIS sieve no. 9.The residue is then weighed and this weight should not be more than 

10% of original weight.  

• In permeability apparatus test,specific area of cement particles is calculated.This test is better than 

sieve test.The specific surface acts as a measure of the frequency of particles of average size.  

 

Compressive strength  

• This test is carried out to determine the compressive strength of cement.  

• The mortar of cement and sand is prepared in ratio 1:3.  

• Water is added to mortar in water cement ratio 0.4.  

• The mortar is placed in moulds.The test specimens are in the form of cubes and the moulds are of 

metals.For 70.6 mm and 76 mm cubes ,the cement required is 185gm and 235 gm respectively.  

• Then the mortar is compacted in vibrating machine for 2 minutes and the moulds are placed in a 

damp cabin for 24 hours.  

• The specimens are removed from the moulds and they are submerged in clean water for curing.  

• The cubes are then tested in compression testing machine at the end of 3days and 7 days. Thus 

compressive strength was found out.  
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Consistency 

• The purpose of this test is to determine the percentage of water required for preparing cement pastes 

for other tests.  

• Take 300 gm of cement and add 30 percent by weight or 90 gm of water to it.  

• Mix water and cement thoroughly.  

• Fill the mould of Vicat apparatus and the gauging time should be 3.75 to 4.25 minutes.  

• Vicat apparatus consists of aneedle is attached a movable rod with an indicator attached to it.  

• There are three attachments: square needle,plungerand needle with annular collar.  

• The plunger is attached to the movable rod.the plunger is gently lowered on the paste in the mould.  

• The settlement of plunger is noted.If the penetration is between 5 mm to 7 mm from the bottom of 

mould,the water added is correct.If not process is repeated with different percentages of water till the 

desired penetration is obtained.  

 

Setting time  

Setting time is the time required for stiffening of cement paste to a defined consistency. 

 

Initial setting is the time elapsed between the moment water is added to the cement to the time at 

which paste starts losing its plasticity. Initial setting time test is important for transportation, placing 

and compaction of cement concrete. Initial setting time duration is required to delay the process of 

hydration or hardening. 

 

Final setting time of cement is the time elapsed between the moment the water is added to the cement 

to the time at which paste has completely lost its plasticity and attained sufficient firmness to resist 

certain definite pressure. Determination of final setting time period facilitates safe removal of 

scaffolding or form. During this period of time primary chemical reaction of cement with water is 

almost completed. 

 

 

• This test is used to detect the deterioration of cement due to storage. The test is performed to find 

out initial setting time and final setting time.  

• Cement mixed with water and cement paste is filled in the Vicat mould.  

• Square needle is attached to moving rod of vicat apparatus.  
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• The needle is quickly released and it is allowed to penetrate the cement paste. In the beginning the 

needle penetrates completely.The procedure is repeated at regular intervals till the needle does not 

penetrate completely.(upto 5mm from bottom)  

• Initial setting time =<30min for ordinary Portland cement and 60 min for low heat cement.  

• The cement paste is prepared as above and it is filled in the Vicat mould.  

• The needle with annular collar is attached to the moving rod of the Vicat apparatus.  

• The needle is gently released. The time at which the needle makes an impression on test block and 

the collar fails to do so is noted.  

• Final setting time is the difference between the time at which water was added to cement and time as 

recorded in previous step,and it is =<10hours.  

 

Soundness  

• The purpose of this test is to detect the presence of uncombined lime in the cement.  

• The cement paste is prepared.  

• The mould is placed and it is filled by cement paste.  

• It is covered at top by another glass plate.A small weight is placed at top and the whole assembly is 

submerged in water for 24 hours.  

• The distance between the points of indicator is noted.The mould is again placed in water and heat is 

applied in such a way that boiling point of water is reached in about 30 minutes. The boiling of water 

is continued for one hour.  

• The mould is removed from water and it is allowed to cool down.  

• The distance between the points of indicator is again measured.The difference between the two 

readings indicates the expansion of cement and it should not exceed 10 mm.  

 

Tensile strength  

• This test was formerly used to have an indirect indication of compressive strength of cement.  

• The mortar of sand and cement is prepared.  

• The water is added to the mortar.  

• The mortar is placed in briquette moulds.The mould is filled with mortar and then a small heap of 

mortar is formed at its top.It is beaten down by a standard spatula till water appears on the 

surface.Same procedure is repeated for the other face of briquette.  

• The briquettes are kept in a damp for 24 hours and carefully removed from the moulds.  

• The briquettes are tested in a testing machine at the end of 3 and 7 days and average is found out.  

 

5.7 CEMENT WATER PROOFERS 

 Cement mortar or concrete, rich in cement, becomes fairly water-tight when set. However addition 

of certain water proofers to cement mortar or concrete during mixing, makes them absolutely water 

tight on setting. These water proofers render mortar or concrete water tight by filling the pores 

physically or reacting chemically 

 Water proofers may be in powder, paste or liquid form. The amount to be added are as follows: 

 2 – 5 % for powder form 

 1 part paste and 10 parts water for paste form 

 1 litre liquid and 15 litres water for liquid form 

 Places where water proofers are required are as: 

 Swimming pools 

 Hospitals 

 Refrigeration rooms 

 Bathrooms and kitchen 

 Reservoirs 

 Basement 

 Cold storage 
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5.8 ADMIXTURES 

Admixtures are the materials which are added in cement mortar or concrete to improve upon their 

quality. Various admixtures under different trade names are available in market. 

 

The admixtures serves the following purposes. 

 Improve the workability 

 Retard setting action of the mortar and concrete 

 Increase the bond strength between reinforcement and concrete 

 Improve the water proofing properties of the cement mortar or concrete 

 Reduce shrinkage during setting of mortar or concrete 

 Reduce bleeding and segregation effect of concrete 

 

Types of admixtures: 

1. Accelerators: Speed up hydration of concrete 

2. Retarders: Slow down hydration of concrete 

3. Plasticizers: increase workability 

4. Pigments: used to change color of concrete 

5. Corrosion inhibitors: used to minimise the corrosion of steel and steel bar in concrete 
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CHAPTER - 6 

 

MORTAR          

           3 marks 
 

 

6.1 INTRODUCTION 

The mortar is a paste like substance prepared by adding required amount of water to a dry mixture of 

sand and cementing materials like mud, clay, lime or cement. 

 

6.2 CLASSIFICATION OF MORTAR 

Mortar are commonly classified on following considerations: 

A. TYPE OF BINDING MATERIAL 

1. Lime Mortar:  

Binding material is lime 

2. Cement Mortar:  

Binding material is cement 

3. Surkhi Mortar 

 Surkhi is made by grinding to powder burnt bricks, brick-bats or burnt clay ; under-burnt 

or over-burnt bricks should not be used, nor bricks containing high proportion of sand 

 Lime + ½ sand + ½ surkhi or lime + surkhi 

 In case of fat lime half of the inert materials consists of sand and half consists of surkhi 

4. Gauged Mortar 

 Made by adding Portland cement + lime together in proper determined proportions 

 Stronger, denser and durable than other ordinary ones. 

 

B. NATURE OF APPLICATION 

1. Brick laying or masonry mortar 

 Used in the construction of brick or stone or blocks masonry to bind the two layers of stones, 

bricks or blocks. 

2. Finishing mortar or plaster 

 Used for the finishing purpose 

 

C. DENSITY OF MORTAR 

1. Heavy Mortar: 

 Used for load bearing construction 

 Bulk density is greater than 1500 kg/cm
3
. 

 Quartz rich sand is used 

 Used as x-ray shielding machine 

 

2. Light weight Mortar: 

 Bulk density is less than 1500 kg/cm
3
 

 Blast furnace slag and cinder is used to obtain light weight mortar 

 Mortar having bulk density 600 – 1000 kg/cm
3
 is useful in making soundproofing walls and 

ceiling.  

 

6.3 FUNCTIONS OF MORTAR 

 Provides a binding force or cohesion between structural units i.e. bricks or stones 

 Acts as medium for distributing the forces throughout the structure uniformly 

 Imparts additional strength to the structure and resistant against rain penetration and other 

weathering agencies. 
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Properties of a Good Mortar 

 Easily workable 

 Sufficiently plastic 

 Capable of retaining sufficient water during application 

 Should be strong in itself and shouldnot react with constructional units (bricks or stones). 

 Should set and harden quickly 

 Shouldnot develop any cracks on drying 

 Should be economical 

 

6.4 SELECTION OF MORTAR FOR CIVIL ENGINEERING WORKS 

 

The selection of mortar for various civil engineering works depends upon various factors  such as: 

 Selection of raw materials 

 Purpose of works: load bearing walls, non load bearing walls, garden walls, etc 

 Availability of materials 

 Economical consideration 

 

Following table shows the types of mortars required for various works: 

S. N. Nature of work Type of mortar 

1. 
Construction work in waterlogged areas 

and exposed positions 

Cement or lime mortar of proportions 1:3, lime 

being eminently hydraulic lime. 

2. 
Damp proof courses and cement concrete 

roads 
Cement mortar proportions 1:2 

3. 
General RCC work such as lintels, pillars, 

slabs, stairs etc. 

Cement mortar of proportions 1:3, the concrete 

mix being 1:2:4 

4. 
Internal walls and surfaces of less 

importance 

Lime cinder mortar in proportion 1:3, sand is 

replaced by ashes or cinder. 

5. Mortar for laying fire-bricks 

Fire-resistant mortar consisting of 1 part of 

aluminous cement to 2 parts of finely crushed 

powder of fire-bricks. 

6. Partition walls and parapet walls 
Cement mortar of proportions 1:3 or lime mortar 

of 1:1. Lime should be moderately hydraulic lime. 

7. Plaster work 
Cement mortar of proportion 1:3 to 1:4 or lime 

mortar proportion 1:2 

8. Pointing work Cement mortar of proportion 1:1 to 1:2 

9. Reinforced brickwork Cement mortar proportion 1:3 

10. 
Stone masonry with best varieties of 

stones 

Lime mortar proportions 1:2, lime being 

eminently hydraulic lime. 

11. 
Stone masonry with ordinary stones, 

brickwork, foundations, etc. 

Lime mortar of 1:2 or cement mortar of 1:6, lime 

should be eminently hydraulic lime or moderately 

hydraulic lime. 

12. Thin joints in brickwork Lime mortar of 1:3, lime being fat lime. 
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PRECAUTIONS WHILE USING MORTAR 

1. CONSUMPTION OF MORTAR 

After preparation, the mortar should be consumed as early as possible. The lime mortar should be 

consumed within 36 hours after its preparation and it should be kept wet or damp. The cement mortar 

should be consumed within 30 minutes after adding water and for this reason; it is advisable to 

prepare cement mortar of one bag of cement at a time. The gauged mortar or composite mortar should 

be used within 2 hours of the addition of cement. 

 

2. FROST ACTION 

The setting action of mortar is affected by the presence of frost. It is advisable to stop the work in 

frosty weather or to execute it with cement mortar which will set before it tries to freeze. 

 

3. SEA WATER 

In absence of pure water, the sea water may be used with hydraulic lime or cement. It helps in 

preventing too quick drying of the mortar. However it is not advisable to use sea water in making pure 

lime mortar or surkhi mortar because it will lead to efflorescence. 

 

4. SOAKING OF BUILDING UNITS 

The presence of water in mortar is essential to cause its setting action. Hence the building units should 

be soaked in water before mortar is applied. If this precaution is not taken, the water of mortar will be 

absorbed by the building units and the mortar will become weak. 

 

5. SPRINKLING OF WATER 

The construction work carried out by mortar should be kept damp or wet by sprinkling water to avoid 

rapid drying of mortar. The water may be sprinkled for about 7 to 10 days. The exposed surfaces are 

sometimes covered to give protection against sun and wind. 

 

6. WORKABILITY 

The mortar should not contain excess water and it should be as stiff as can be conveniently used. The 

joints should be well formed and the excess mortar from the joints should be neatly taken off by a 

trowel. The surfaces formed by mortar for building units to rest should be even. 
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CHAPTER - 7 
 

TIMBER          

           4 marks 

 

 

7.1 INTRODUCTION 

Timber denotes wood, which is suitable for building or carpentry or various other engineering 

purposes like for construction of doors, windows, roofs, partitions, beams, posts, cupboards, shelves 

etc. Timber is one of the oldest material of construction. It has the following qualities: 

 It is a natural material and a renewable source of energy 

 It has quite satisfactory engineering properties 

 It is easily workable 

 

Uses of timber: 

(i) Used in the form of piles, posts, beams, lintels, door/window frames and leaves, roof members etc 

(ii) Used for flooring, ceiling, paneling and construction of partition walls 

(iii) Used for form work for concrete, for the timbering of trenches, centring for arch work, 

scaffolding, transmission poles and fencing 

(iv) Used in wagon and coach building, marine installations and bridges 

(v) Used in making furniture of agriculture implements, sports, goods, musical instruments, well 

curbs, mortar bodies, carts and carriages, railway sleeps, packing cases etc. 

 

7.2 GROWTH AND STRUCTURE OF TIMBER 

From the visibility aspect, the structure of a tree can be divided into two categories: 

1. Macro structure 

2. Micro structure 

 

1. Macro structure: The structure of wood visible to the naked eye or at a small magnification is 

called macro structure. Fig below shows the macro structure of exogenous tree. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: Macrostructure of the tree 

 

 

(i) Pith: The innermost central portion or core of the tree is called pith or medulla. The pith in the 

young plants consists of fluid which feeds the plant however as the plant gets old it dies up and 

decays.  
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(ii) Heart wood: The inner annual rings surrounding the pith is known as heart wood. It imparts 

rigidity to tree. It is almost dead part of wood and is darker in color, more compact and durable. 

 

(iii) Sap wood: The annual rings between heart wood and cambium layer is known as sap wood. This 

wood is saturated with sap or liquid which becomes the source of fungal attack, insect 

attack,shrinkage and cracks.  It transmits the sap from root to the branches. 

 

(iv) Cambium layer: Thin layer of sap between sap wood and inner bark is known as cambium layer. 

 

(v) Inner bark: The inner skin or layer covering the cambium layer is known as inner bark. 

 

(vi) Outer Bark: The outer skin or cover of the tree is known as outer bark. 

 

(vii) Medullary rays: The thin radial fibres extending from pith to cambium layer are known as 

medullary rays. They carry the sap from outside to the inner part of the tree. They keep the annular 

rings tightly gripped together. 

 

II. Micro structure: The structure of wood apparent only at great magnifications is called micro 

structure under microscope, it becomes evident that the wood consists of living and 

lead cells of various sizes and shapes. 

 

7.3 CLASSIFICATION OF TREE/WOOD/TIMBER 

Trees are the only sources of timber but it is not so that all the trees can be yielded to timber. 

Depending upon their mode of growth trees may be divided in the following two categories: 

I. Endogenous trees 

II. Exogenous trees  

 

(i) Endogeneous trees – These trees grow inwards and fibrous mass is seen in their longitudinal 

sections. Due to hollowness of the core and pre-dominant longitudinal growth the stems are light and 

tough but are too flexible and slender to furnish material suitable for engineering purposes with 

exception of bamboo. So timber of these trees has very limited engineering applications. 

Example:bamboo, cane , palm etc 

 

(ii) Exogeneous trees: These increases in bulk by growing outwards with the addition of the ring 

every years known as annular rings. Thus the age of the trees can be found out by counting the 

number of the annular rings. Due to solid nature of the tree the timber  are used for engineering 

purposes. 

Exogeneous trees are further sub divided into two groups: 

a) conifers   b) deciduous 

 

a) Conifers or evergreen trees:  
These trees having pointed, needle like or scale like leaves and yield soft wood.  

Example: Deodar, pine, chir, etc 

 

b) Deciduous trees:  
The trees having flat broad leaves and leaves of those trees fall in autumn and new ones appear in 

spring season. Timber for engineering purpose is mostly derived from deciduous trees. These trees 

yield hard wood. 

Ex: ash, beach, oak, sal, teak, shishum and wallnut 

 

7.4 CHARACTERISTICS OF GOOD TIMBER 

1. Appearance: A freshly cut surface of timber should exhibit hard and of shining appearance. 

2. Colour: A colour should preferably be dark and uniform. 

3. Defects: A good timber should be free from series defects such as knots, flaws, shakes etc. 
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4. Durability: A good timber should be durable and capable of resisting the action of fungi, insects, 

chemicals, physical agencies, and mechanical agencies. 

5. Elasticity: The timber returns to its original shape when load causing its deformation is removed 

6. Fibres: The timber should have straight and closed fibres. 

7. Fire resistance: A dense wood offers good resistance to fire 

8. Hardness: A good timber should be hard 

9. Mechanical wear: A good timber should not deteriorate easily due to mechanical wear or abrasion 

10. Shape: A good timber should be capable of retaining its shape during conversion or seasoning. 

11. Smell: A good timber should have sweet smell. Unpleasant smell indicates decayed timber 

12. Sound : A good timber should give a clear ringing sound when struck 

13. Strength: A good timber should be sufficiently strong for working as structural member such as 

joist, beam, rafter etc. 

14. Structure: The structure should be uniform 

15. Toughness: A good timber should be tough (i.e.) capable of offering resistance to shocks due to 

vibration 

16. Water permeability: A good timber should have low water permeability, which is measured by 

the quantity of water filtered through unit surface area of specimen of wood. 

17. Weathering effects: A good timber should be able to stand reasonably the weathering effects (dry 

& wet) 

18. Weight: The timber with heavy weight is considered to be sound and strong. 

19. Working conditions: Timber should be easily workable. It should not clog the teeth of saw. 

 

7.5 DEFECTS OF TIMBER 

1. DEFECTS DUE TO NATURAL FORCES/DEFECTS THAT DEVELOP DURING 

GROWTH OF THE TIMBER: 

The main natural forces responsible for causing defects in timber are abnormal growth and rapture of 

tissues. 

 

(i) Burls: Irregular projections appear on the body of timber because of shock at younger age 

(ii) Callus: Soft tissue or skin which covers the wound of tree. 

(iii) Chemical stain: Discoloured due to the chemical action caused. 

(iv) Coarse grain: Annual rings are widened due to rapid growth of trees hence timber possesses less 

strength. 

(v) Dead wood: Timber obtained from dead standing tree. 

(vi) Druxiness: White decayed spots by fungi are seen under the healthy wood. 

(vii) Foxiness: Due to poor ventilation during storage or by commencement of decay due to over 

maturity indicated by red or yellow tinge in wood. 

(viii) Knots: Bases of branches or limbs which are broken or cut off from the tree as shown in the fig  

 

 

 

 

 

 

 

 

 

 

 

(ix) Rind galls: Rind means bark and gall indicates abnormal growth and peculiar curved swellings 

found on the body of a tree. It is due to the growth of the layers over the wounds left over when the 

branches has been cut. 

 

 

 



A complete note on Civil Engineering Materials, Chapter-7 

 

Prepared By: Er. Anup Shrestha 4 

 

(x) Shakes: These are cracks which partly or completely separate the fibres of wood as shown in fig.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: Different types of Shakes 

 

Star shakes: These are radial cracks or splits that extend from bark usually remain confined upto the 

plane of sapwood. This defect usually develops due to extreme heat and frost action. 

Heart shakes: The splits or cracks occur in the central part of the trees in which the cracks are widest 

at the centre and go on narrowing as they proceed towards outside. This defect is usually caused due 

to shrinkage of heart wood in over matured tree. 

Radial shake: They are similar to star shakes but are numerous, fine and irregular . They usually 

occur when fallen tree is exposed to sun for seasoning.  

 

(xi) Twisted fibres or Wandering hearts:  
caused by twisting of young trees by fast blowing wind 

 constantly in one direction. The timber having  

this defect is mostly used for posts and polls in unsawn condition. 
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xii) Upsets or ruptures:  It indicates wood fibres which are injured by crushing or compression 

resulting in breakage of continuity of fibres. 

 

 

 

 

 

 

2. DEFECTS DUE TO FUNGI:  

The timber are acted upon by the fungi under various conditions:  

(1)The moisture content of timber is above 20%.  

(2)If there is a presence of air and warmth for the growth of fungi.  

 

Due to attack of fungi following defects occur:  

(i)Bluestain: 

Bluish colored stain is seen on the sap of the timber due to action of certain fungi. 

(ii) Brown rot: 

The cellulose compounds are removed by the fungi from the timber due to which brown coloration is 

developed known as brown rot. 

(iii) Dry rot: 

The fungi of certain types feed on wood and during feeding ,they feed on wood and convert it into 

powder form. This is known as dry rot.  

This type of defect occur in place where there is dampness and no free circulation of air. The dry rot 

may be prevented by using well seasoned timber free from sap.  

(iv) Heart rot:  

When the heart wood is exposed to the free atmosphere the branch come out of the tree and known as 

Heart rot.  

(v) Sap stain: 

When the fungi acts upon the sap wood cells, the color of the sap wood changes and defect is known 

as sap stain. It generally occurs when moisture content goes beyond 25 % or so.  

(vi) Wet rot: 

The timber gets greyish brown powder due to chemical decomposition due to fungi and known add 

wet rot.  

 

3) DEFECTS DUE TO INSECTS: 

(i) Beetles:  

Small insects form holes of size about 2mm diameter and attack sap wood of all spaces of hard 

woods. Tunnels are formed in all directions in sapwood by the larvae of these beetles and converted 

into fine flour like powder. They do not disturb outer cover and looks sound. 

 

(ii) Marine borers:  

These make holes or bore tunnels in wood for taking shelter. The wood attacked by marine borers 

loses colour and strength. 

 

(iii)Termites: White ants are very fast in eating away the wood from the core of the cross section. 

They make tunnels inside in different directions and usually donot disturb the outershell or cover. 
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7.6 SEASONING OF TIMBER 

Due to presence of the moisture in the timber, there may be uneven cracking and decay on drying. So 

the timber with greater moisture content cant be used directly for manufacture of the timber products 

hence they should be dried.  

 

Seasoning is the process of reducing the moisture content (drying) of timber in order to present the 

timber from possible shrinkage, uneven cracking and decay and making it suitable for use. It can also 

be defined as the process of drying of timber is known as the seasoning of timber. The moisture in 

timber can be present either in the cell cavities or in the cell walls. The former is known as the free 

moisture and major part of moisture in timber is present as free water. The latter is known as the 

bound moisture and it is closely associated with the body of timber. The moisture content in the 

timber initially is about 100-200% hence it should be reduced to around 10-15% so that it may be 

used efficiently. 

 

During seasoning the wood give up the moisture to the atmosphere such that there is equilibrium 

between the moisture present in timber and that of the surrounding atmosphere. 

 

Advantages of seasoning 

 Due to seasoning the moisture content is reduced hence the timber is lighter and light weight. 

 Increases strength, durability and workability.  

 As moisture is absent, the attack due to insects and fungi is less. 

 Reduce its tendency to split and decay 

 To maintain the shape and size of the components of the timber articles. 

 

The moisture content of timber is determined as follows:  

P = ( W1 – W2 / W2 ) x 100  

where P= percentage of moisture  

W1= original weight of timber.  

W2= oven dry weight of timber.  

 

Methods of Seasoning 

1. Natural Seasoning 

2. Artificial Seasoning 

 

1.NATURAL SEASONING 

 

a. Air Drying /Seasoning 

 In this method, the timber is stacked outside and is one of the easiest way. 

 It is placed in a hut/building with two sides open to allow the atmospheric air to circulate. 

 The circulation of the air dries the timber in this process. 

 The air circulating carries moisture within themselves so the precise moisture content cant be 

determined or achieved. 

 The spacing sticks keep the seasoning boards a short distance apart. The air flows between each of 

the seasoning boards, allowing them to dry slowly. In this way warping is kept to a minimum. 

 The seasoning time varies depending on the thickness of the wood boards and the time of year.It 

may varies from 2-4 years also. 

 The timber should be protected from direct sunlight and the rain. 

 Since skilled manpower is not required, the process is economical. 

 The minimum distance between adjacent stacks should be atleast 600 mm. 
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Fig: Air seasoning 

 

b. Water seasoning: 

 The timber to be seasoned is placed immersed in the running water with larger ends pointing 

upstream. 

 Due to flow of the water, the sap, sugar, etc are leached out of the wood hence the moisture is 

removed. 

 After the sap and liquid of the timber is leached out the timber is kept in air. 

 This process is quicker than the air drying. However the elastic properties and strength of the wood 

are removed.  

 

MERITS AND DEMERITS OF NATURAL SEASONING 

Merits:  

 Depending upon the climatic conditions, the moisture content of wood can be brought down to 

about 10%  

 It does not require skilled supervision.  

 The method of seasoning timber is cheap and simple.  

 

Demerits:  

 The drying of different surfaces may not be even and uniform.  

 If not properly attended, the fungi and insects may attack timber during the process of seasoning 

and may damage it.  

 The moisture content of wood may not be brought down to the desired level. 

 

2. ARTIFICIAL SEASONING 

 

In this method timber is seasoned in a chamber with regulated heat, controlled humidity and proper air 

circulation i.e. artificially. Seasoning can be completed in 4 to 5 days only. Hence this method is 

employed when the seasoning process is to be decreased. 

 The different methods of seasoning are:  

(a) Boiling  

(b) Kiln seasoning  

(c) Chemical seasoning  

(d) Electrical seasoning. 

 

(a) Boiling:  
In this method timber is immersed in water and then water is boiled for 3 to 4 hours. Then it is dried 

slowly. Instead of boiling water hot steam may be circulated on timber. The process of seasoning is 

fast, but costly. Hence this process is not economical. 
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(b) Kiln Seasoning:  
Kiln is an airtight chamber. Timber to be seasoned is placed inside it. Then fully saturated air with a 

temperature 35°C to 38°C is forced in the kiln. The heat gradually reaches inside timber. Then relative 

humidity is gradually reduced and temperature is increased, and maintained till desired degree of 

moisture content is achieved. The kiln used may be stationary or progressive. In progressive kiln the 

carriages carrying timber travel from one end of kiln to other end gradually. The hot air is supplied 

from the discharging end so that temperature increase is gradual from charging end to discharging 

end. This method is used for seasoning on a larger scale. 

 
Fig: Kiln Seasoning 

(c) Chemical seasoning 

In this method, the timber is immersed in a solution of suitable salt. Then the timber is dried in a kiln. 

The preliminary treatment by chemical seasoning ensures uniform seasoning of outer and inner parts 

of timber. It is costly method. 

 

(d)  Electrical seasoning 

In this method high frequency alternate electric current is passed through timber. Resistance to 

electric current is low when moisture content in timber is high. As moisture content reduces the 

resistance reduces. Measure of resistance can be used to stop seasoning at appropriate level. However 

it is costly process. This technique has been tried in some plywood industries but not in seasoning of 

timber on mass scale. 
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7.7 DETERIORATION AND PRESERVATION OF TIMBER 

 

The main work of an engineer is not only construction, the real work of the engineer starts with 

maintainance and preservation of the construction along with its construction. Hence an engineer 

should be concerned about the factors which influence the performance of the timber and that causes 

deterioration. 

The major causes of deterioration of the timber are: 

a. Fungi 

b. Insects 

 

a. Fungi 

Fungi develops on the timber which spread along the whole body of the timber and deteriorates it. 

When the timber is damp and the moisture content in the timber increases, the fungi develops in the 

timber. The defects or effects of fungi on timber is already explained above. 

 

b. Insects 

Various types of insects may attack onto the timber as well as furniture and may destroy it. In a very 

less time they have the capacity to damage a huge amount of timber so timber should be prevented 

from them. The defects due to insects are already explained above. 

 

Preservation of the Timber 

A preservative may be defined as a chemical compound that when used on or injected into the timber 

makes the timber poisonous for insects and fungi without affecting the structural properties of the 

timber. There are 3 main classes of preservatives 

1. Oily substances insoluble in water 

2. Water-soluble salts 

3. Salts carried in volatile solvent other than water 

 

1. Oily substances insoluble in water 

 Coal-tar is the best known ►most widely used preservative 

 Obtained from bituminous coal 

 Available in many grades ► gives satisfactory results 

 Insoluble in water ► hence permanent preservative 

 Highly toxic to fungi 

 High degree of penetration 

 

2. Water soluble salts 

 Zinc chloride ► most extensively used water preservative 

 Readily available, clean, odorless, 

 

3. Salts carried in volatile solvent  

 Makes solutions with volatile substances like petroleum 

 Tarring: Layer of tar is applied on the surface of timber 

 Charring: Removing of the water and oxygen by burning outer layer of timber to revent 

growth of the fungus 

 Painting, Polishing, Waxing, Fire proofing,etc 
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7.8 COMMERCIAL FORMS OF WOOD 

Timber which is prepared scientifically in a factory is termed as industrial timber and such 

timber possesses desired shape, appearance strength 

 

(a) Veneers:  

These are thin sheets or slices of 0.40 to 6mm wood of superior quality. Indian timbers, 

which are suitable for veneers, are mahagony, oak, rosewood, sissoo, teak etc. The process of 

preparing a sheet of veners is known as veneering. Veneers are used to produce plywoods 

batten boards and lamin boards. 

 
 

Fig: Veneers 

 

(b) Plywoods:  

Plywoods are boards, which are prepared from thin layers of wood or veneers. Three or more 

veneers in odd number are pressed using adhesives such that the direction of the grains are at 

right angles to each other. The odd number of the veneers are used in order that the shrinkage 

is symmetrical about the middle ply. The plywoods are used for various purposes such as 

ceilings, doors, furniture, partitions, panelling walls, packing cases, railway coaches, 

formwork for concrete etc. Thickness may vary from 6 to 25mm. 
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(c) Fibre boards:  

These are rigid boards and they are also known as pressed wood or reconstructed wood. The 

thickness varies from 3mm to 12mm. These are available in lengths from 3 to 4.5m and width 

varying from 12 to 18m. These are used for: 

(i) For internal finish of rooms such as wall panelling; suspended ceilings. 

(ii) To construct form work for cement concrete. 

(iii) To construct partitions. 

(iv) To prepare flush doors, tops of tables etc. 

(v) To provide an insulating material of heat and sound. 

(vi) To work as paving or flooring material.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) Block Boards 

These consists of the core made up of small timber blocks upto 25mm thickness glued together edge 

to edge and both of the faces are covered by plywood of 3mm thickness. These are used for partitions, 

furnitures, bus bodies,etc 
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(e) Lamin Boards 

The lamin board consists of a core of laminae not more than  7mm wide which is between two or 

more plies joined by adhesives. Grains of core laminae are perpendicular to the outer plies. Generally 

the lamin boards are of 1-5 cm thickness. They are generally used for construction of partition wall, 

packing cases, ceilings, furnitures, doors, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(f) Batten Boards 

These are similar to the lamin boards and block boards except the fact that the core is made from the 

timber of thickness 20mm to 30mm. These are generally used for door panels, table tops and other 

large flat surfaces.   
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CHAPTER - 8 
 

METALS AND ALLOYS      

            

          5  MARKS 

 

8.1 INTRODUCTION 

Metals are the elements in the periodic table with 1-3 electrons in their valence shell and has a 

capacity to lose electron. The metals in civil engineering play a vital role. They are widely used in the 

civil engineering projects. They are found in the earth crust in the form of various compounds like 

sulphates, oxides, etc named as ore. They are present in fused or mixed form with lots of impurities 

which has to be purified to get pure metal. 

 
Metallic materials are broadly of two kinds – ferrous and non-ferrous materials. This classification is 

primarily based on tonnage of materials used all around the world. Ferrous materials are those in 

which iron (Fe) is the principle constituent. The examples of ferrous metals are cast iron, wrought iron 

and different types of steel. All other materials are categorized as non-ferrous materials. The examples 

of Non-Ferrous metals are Aluminium, Copper, Zinc, Lead, Tin, etc. 

 

8.2 TYPES, PROPERTIES AND USES OF IRON 

Occurence of Iron 

Only a few metals such as gold, silver, mercury etc. occur in free state in nature. Most of the other 

metals, however, occur in the earth's crust in the combined form, i.e., as compounds with different 

anions such as oxides, sulphides, halides etc.  

Iron is the forth most abundant element in the earth’s crust. About 6.2% of the earth’s crust is made 

up of iron.  Iron is also not found in free or pure state so it is extracted in the form of pig iron from 

various ores. The important ores of iron are as: 

1. Haematite ( Fe2O3) 

2. Limonite ( Fe2O3.3H2O) 

3. Magnetite ( Fe3O4) 

4. Siderite (FeCO3) 

5. Iron Pyrite ( FeS2) 

6. Copper Pyrites (CuFeS2) 

Out of this Haematite and Magnetite are the chief ores. 

In Nepal Iron ore is found in Phulchoki, Lalitpur, Bagmati zone, Ramechhap, Janakpur, Tanahu, 

Gandaki zone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ORE 

BLAST FURNACE 

PIG IRON 

PUDDLING FURNACE CUPOLA FURNACE BESSEMER CONVERTER 

CAST IRON WROUGHT IRON STEEL 

Open hearth furnace Electric furnace 
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TYPES OF IRON 

1. Pig Iron 

2. Cast Iron 

3. Wrought Iron 

 

1. PIG IRON 

The ore is first concentrated by removing the earthy impurities and then calcined i.e. oxidation and the 

calcined iron is passed into blast furnace. In the blast furnace the flux added to the iron reacts with the 

impurities to form slag and Carbon monoxide is used to reduce the iron oxide to free Iron. The molten 

iron obtained from the blast furnace after removal of slag is known as pig iron which is 

crudest(impurest) form of Iron. 

 

2. CAST IRON 

Cast iron is made by re-melting pig iron, often along with substantial quantities of iron, steel, 

limestone, carbon (coke) and taking various steps to remove undesirable contaminants. It consists of 

highest percentage of Carbon. It contains 2-5% carbon and little silicon, manganese, phosphorus and 

sulphur as impurities.  

Properties: 

 Lower melting point (about 300 °C lower than pure iron) 

 Low shrinkage and good fluidity and casting ability. 

 Types of cast iron: grey, white, nodular, malleable and compacted graphite. 

 Strong in compression and weak in tension 

 Cant be welded or riveted 

Uses: 

 Car parts – cylinder heads, blocks and gearbox cases.  

 Pipes, lids (manhole lids) 

 Foundation for big machines (good damping property) 

 Bridges, buildings 

 Cook wares – Excellent heat retention 

 Basic material for manufacture of wrought iron and steel 

  

3. WROUGHT IRON 

It is the purest form of Iron. It contains only 0.12 to 0.25% of carbon. 

Properties: 

 Malleable and ductile 

 Soft in nature 

 Can be magnetised 

 High elasticity and tensile strength 

Uses: 

 Used for pipe making due to its good corrosion and fatigue resistance and better welding and 

threading qualities. 

 Used for making bars for stay bolts, engine bolts and rivets etc., due to its corrosion and 

fatigue resistance 

 Used for making special chain and crane hooks due to its good weldability and high impact 

strength. 

 Used for making plates. 

 Also used for general forging applications. 

 Decorative items such as railings, outdoor stairs, fences and gates 

 Nuts and bolts 

 Handrails. 

 

 

 

https://en.wikipedia.org/wiki/Pig_iron
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8.3 COMPOSITION AND PROPERTIES OF STEEL 

Manufacture of Steel 

Steel is a product of almost pure iron containing 0.5 to 1.5% of Carbon and little amount of 

Manganese. Steel is manufactured from pig iron by removing impurities like carbon, silicon, 

manganese, phosphorus etc present in the pig iron by oxidation and then by adding requisite amount 

of carbon to get a steel of desired properties. 

 

Properties: 

 Melting Point is between 1300
0
C to 1400

0
C. 

 It Can be hardened and tempered. 

 It can form permanent magnets. 

 It has good tensile and compressive property. 

 It is tough malleable and ductile.  

 

Uses: 

Uses as kitchenware, reinforcement in RCC works, steel columns and beams, automobile parts and 

corrugated sheets. 

 

Types of Steel 

1. Low Carbon Steel 

 Contains upto 0.25% Carbon 

 Most abundant grade of steel  

 Greatest quantity produced 

 least expensive.  

 Not responsive to heat treatment  

 Good Weldability and machinability High Strength 

 

2. Medium Carbon Steel 

 Carbon content in the range of 0.3 – 0.6%. 

 Most often used in tempered condition  

 Medium carbon steels have low hardenability  

 Addition of Cr, Ni, Mo improves the heat treating capacity 

 Typical applications – Railway wheels and tracks, gears, crankshafts. 

 

3. High Carbon Steel 

 Carbon content 0.6 – 1.4% 

 High C content provides high hardness and strength. 

 Hardest and least ductile.  

 Used in hardened and tempered condition.  

 Used for making wrenches, hacksaw, drills,etc 

 

8.4 HEAT TREATMENT PROCESS 

The properties of the steel depends not only on its chemical composition but also on the heat 

treatment. The heat treatment involves heating and cooling of the steel in its solid state. The heat 

treatment helps to enhance the properties of the steel. The major objectives are as: 

 To bring desired mechanical properties like strength, hardness, ductility, toughness,etc 

 To remove voids in the steel and making it sound 

The methods of heat treatment are as: 

1. Annealing 

2. Normalising 

3. Quenching (Hardening) 

4. Case Hardening 

5. Tempering 



A complete note on Civil Engineering Materials, Chapter-8 

 

Prepared By: Er. Anup Shrestha 4 

 

1. ANNEALING 

Annealing can be defined as a heat treatment process in which the material is taken to a high 

temperature, kept there for some time and then cooled. High temperatures allow diffusion processes to 

occur fast. The time at the high temperature (soaking time) must be long enough to allow the desired 

transformation to occur. Cooling is done slowly embedding the steel in sand, ash, lime or some other 

non conducting materials to avoid the distortion (warping) of the metal piece, or even cracking, 

caused by stresses induced by differential contraction due to thermal inhomogeneities. Benefits of 

annealing are: 

• relieve stresses 

• increase softness, ductility and toughness 

• produce a specific microstructure 

 

2. NORMALISING 

Normalizing is used to refine the grains and produce a more uniform and desirable size distribution. It 

involves heating the component to attain single phase upto 1000
0
C then cooling in open air 

atmosphere. Normalizing is also applied for better machinability of low-carbon steels. After hot 

rolling, the structure of steel is usually oriented in the rolling direction. To remove the oriented 

structure and obtain the same mechanical properties in all directions, a normalizing annealing has to 

be performed. 

 

3. QUENCHING 

In Quenching process, steel is heated to red hot and allowed to cool suddenly by dipping in a bath of 

cold water or oil. In this process, the steel is known as quenched steel. By this process the steel 

becomes hard and brittle. It improves wear and tear resistance of steel. The hardness depends on the 

rate of cooling. 

 

4. CASE HARDENING 

The process of hardening the surface of the metal upto a depth of about 1.5mm is known as case 

hardening. It consists of two operations: (a) converting the outer skin to high carbon steel  

(b) hardening the case and refining the core. 

 

5. TEMPERING 

In this process, hardened steel is heated to a temperature much below redness and cooled slowly. It 

makes the steel neither too hard and nor too brittle. Thus tempering involves first hardening and then 

annealing. It makes the steel ductile and tough. 

   

8.5 ALLOY OF STEEL 

An alloy is a mixture of metals or a mixture of a metal and another element. An alloy of steel is 

defined as the combination of certain percentage of steel with certain percentage of other metals to 

enhance the properties of the steel. The elements which are added to steel to form alloy are Silicon, 

Cobalt, Manganese, Nickel, etc based on the properties desired to be obtained. 

 

1. Cobalt Steel 

The major component of  the alloy Cobalt steel are high carbon steel and the element cobalt. The 

hardness and toughness property of the steel is improved by addition of Cobalt. The alloy is used to 

manufacture high speed cutting tools when the % of cobalt is around 5-12. 

 

2. Copper Steel 

The major component of the cobalt alloy are Copper and Steel. The amount of Copper in this alloy 

varies from 0.15% - 0.25%. This alloy has special property of resisting the effects due to atmospheric 

agencies.  
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3. Manganese Steel 

The major component of Manganese Steel are Manganese and Steel. Manganese slightly increases the 

strength of ferrite, and also increases the hardness of steel and decreases the coefficient of expansion. 

Manganese is present in most commercially made steels and used in gears, railway crossings,etc 

 

4. Chromium Steel (Chrome Steel) 

The major component of the chromium alloy are Chromium and Steel. The  percentage of Chromium 

used in the alloy  varies with the desired properties.  

Chromium has a tendency to increase hardness penetration. This element has many interesting effects 

on steel. When 5 percent chromium or more is used in conjunction with manganese, the critical 

quenching speed is reduced to the point that the steel becomes air hardening. Chromium can also 

increase the toughness of steel, as well as the wear resistance. Probably one of the most well known 

effects of chromium on steel is the tendency to resist staining and corrosion. Steels with 14 percent or 

more chromium are referred to as stainless steels.  

 

5. Nickel Steel 

It consists of 3-4 % Nickel in 0.15-0.5% Carbon. Nickel increases the strength of the steel. It is used 

in low alloy steels to increase toughness and hardenability and corrosion resistance. Normally used as 

structural steel.  

 

6. Molybdenum Steel  

It consists of Molybdenum (0.2 – 0.3%), Steel (0.3 – 0.7%) and Manganese (0.7% - 1%). 

Molybdenum increases the hardness of steel, slows the critical quenching speed, and increases high 

temperature tensile strength. Normally Molybdenum steel is used to manufacture springs, bolts, 

scraper blades, etc. 

 

7. Silicon Steel 

Silicon is used as a deoxidizer in the manufacture of steel. It slightly increases the strength toughness 

and hardness of steel. It is used in transformer core. 

 

8. Vanadium Steel 

It consists of Vanadium and Steel. Generally used to manufacture the automobile parts. 

 

9. Stainless Steel 

The name comes from their high resistance to corrosion i.e. they are rust-less (stain-less). Steels are 

made highly corrosion resistant by addition of special alloying elements, especially a minimum of 

12% Cr along with Ni and Mo. Typical applications include cutlery, razor blades, surgical knives, etc. 

 

10. Tungsten Steel 

The tungsten steel alloy is combination of steel (0.5 – 1% Carbon) and 5 – 7% tungsten. Normally it si 

used for manufacture of cutting tools and drilling equipments. 

 

8.6 NON FERROUS METALS 

Though Ferrous metals are highly used in civil engineering construction, Non-ferrous 

materials have specific advantages over ferrous materials. They can be fabricated with ease, 

high relatively low density, and high electrical and thermal conductivities. These metals are 

light weight and economical and has high tensile strength as well.  However different 

materials have distinct characteristics, and are used for specific purposes. This section 

introduces some typical non-ferrous metals and their alloys of commercial importance. 
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1. Aluminium:  
Origin/Ore: Bauxite (Al2O3.2H2O) 

Properties: 

 Light weight and metallic luster with silvery white color 

 Economical 

 Good conductor of electricity 

 Can be easily welded and riveted 

 Malleable and ductile 

Uses: 

Beverage cans, automotive parts, bus bodies, aircraft structures, doors and windows frames, kitchen 

wares, furnitures, etc. 

 

2. Copper 

Ore:  

Name Formula % Copper when pure 

Chalcopyrite CuFeS2 34.5 

Chalcocite Cu2S 79.8 

Covellite CuS 66.5 

Bornite 2Cu2S·CuS·FeS 63.3 

 

Properties: 

 Non Corrosive 

 Malleable and ductile 

 Good conductor of heat and electricity 

 Non Magnetic 

 

Uses: 

 Roofing 

 Cladding 

 Rainwater systems 

 Heating systems 

 Water pipes and fittings 

 Oil and gas lines 

 Electrical wiring 

 

8.7 COMMERCIAL PRODUCTS OF METALS 

Various products are formed with the major composition of metals. Metals are the backbone of civil 

engineering construction. Various commercial products made up of steel are as: 

 Structural Members like Beam, Column and Foundations ( Steel Reinforcement are used 

along with concrete) 

 Major components in Truss and Bridge construction 

 RCC structures 

 Steel Cladding 

 Railway track  
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CHAPTER - 9 
 

PAINTS AND VARNISHES      

            

          4 marks 

 

9.1 INTRODUCTION 

Paint is a substance used as the final finish to all surfaces and as a coating to protect or decorate the 

surface. Paints are stable mechanical mixtures of one or more pigments which impart desired colour 

and to protect the film from penetrating radiation, such U. V. rays. 

 

9.1.2 FUNCTIONS OF PAINTS 

 Protecting a surface from weathering effects 

 Prevents corrosion of metals. 

 Developing a decorative effect. 

 

9.1.3 INGREDIENTS OF PAINTS 

Paints has following ingredients: 

1.  Body:  

 Forming the main body of a paint 

 Make the paint film harder and more resistant to abrasion 

 Reduce shrinkage cracks on drying 

 Commonly used bases (body) are White lead, Zinc oxide, Iron oxide, Metallic powder 

such as Al, Cu, Br. Paints more often named after the base as Lead paint, Zinc paint, and 

Aluminum paint. 
 

2. Vehicle 

 Oily liquid in which the body and pigment are soluble 

 Facilitates the paint to be conveniently spread over the surface 

 The main purpose of the vehicle is to adjust the viscosity of the paint. 

 Commonly used oils are Linseed oil, Soya bean oil, Fish oil, dehydrated castor oil 

 

3. Pigment- It is real coloring substance. 

 

4. Dilutent or Solvent or Thinner- Liquid thinner is added in the paint to 

 Increase fluidity 

 Making paint more smooth 

 Help penetration into porous surfaces 

Common thinner is turpentine. 

 

5. Dryers 

 Added to quicken the drying of vehicle 

 Organic salts of Iron, zinc, lead, manganese, Ca 

 To accelerate the oxidation and hardening of vehicle 

 

 

9.1.4 TYPES OF PAINTS 

 

a) Exterior house paints  

Generally have constituents such as pigment (ZnO, TiO2, white lead etc.), extenders (talc, 

barytes, clay etc), vehicle (e.g. boiled linseed oil) and thinners (e.g. mineral spirit, naphtha 

etc.) Coloured pigments for light tint are also added in varying amount. 
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b) Interior wall paints 

 It is prepared by mixing pigments (e.g. white and colored pigments), vehicle (e.g. varnish or 

bodied linseed oil) and resins (e.g. emulsified phenol formaldehyde resins and casein) 

 

c) Marine paints  

Also known as antifouling paint and can be prepared by mixing various ingredients such as 

pigments (ZnO and venetian red), resin (shellac), driers (manganese lineolate), vehicle (coal 

tar), diluents (pine oil), toxic components(cuprous oxide and mercuric oxide) and small 

amount of bees wax. 

 

d)  Oil paints 

Oil paints are common paints useful for ordinary use on metal and wood products. It 

generally has low order of shine however quite opaque. It contains oil like linseed oil. 

 

e) Enamel paints 

It is usually available as readymade paints and consists of white lead or zinc white along with 

petroleum, resinous matter and an oil. It is used in both interior and exterior part of building. 

It has good appearance and can resist chemical attack like acids, alkalies etc. They are 

available in all colour and shades. 

 

f) Emulsion paints  

These paints are highly durable, impermeable to dirt, resistant to washing, rapidly drying, 

contain water as thinner and can be easily cleaned. It contain an emulsion of alkyds, phenol 

formaldehyde etc.(vehicle) in water pigments and extenders are also added to get other 

desirable properties. 

 

g) Lacquers 

It is defined as solution or suspension of resin and cellulose ester in a volatile solvent. It is 

quite hard, impervious and durable. A mixture of shellac and alcohol forms a common 

example of rapid drying lacquer. 

 

h) Chemical resistant paints  

Consist of baked oleo resinous varnishes, chlorinated rubber compositions, bituminous 

varnishes and phenolic dispersion as chemical resistant materials in paint formulations.  

 

i) Fire resistant paints  

These paints impart a protective action on the article being coated through easy fusion of the 

pigments and other paint ingredients giving off fume on heating, they do not support 

combustion. It consist of borax, zinc borate, ammonium phosphate synthetic resins etc as anti-

fire chemicals. 

 

j) Luminous paints  

Consist of phosphorescent paint compositions such as pigment (sulfides of Ca, Cd and Zn 

dispersed in spirit varnish), vehicle (chlorinated rubber, styrol etc.) and sensitizer for 

activation in UV region. 

 

k) Latex paints  

These paints usually contain  

 Protein dispersion: Prepared by soyabean proteins or casein in aqueous ammonia 

solution for about an hour at room temperature  

 Pigments: ZnS,TiO2 etc dispersed in water 

 Extenders: clay, talc, MgSiO3, BaSO4 etc.  

 Preservatives: Penta chlorophenol  

 Antifoaming agent: Pine oil  Plasticizer: Tributylphosphate  

 Latex: Prepared from a butadiene styrene copolymer in water.  
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All these ingredients well stirred in water, screened, again stirred and packed. 

 

l) Aluminium Paints 

 It is an emulsion of very fine flakes of aluminium in a varnish. 

 It possesses very good hiding powers. 

 Aluminium paints are used extensively for metal painting especially for water pipes, 

oil storage tanks and gas tanks. 

 

m) Cement paints 

 It is prepared by mixing white cement with colouring matter or pigments, hydrated lime and 

fine sand as inert filler. They are available in the form of powder of particular colour. Cement 

paints have marked water proofing capacity, give a stable and decorative film and do not 

require fresh application even in four to five years, if coated even on rough surface. 

 

n) Distempers  

Distempers are water paints consisting of pigments which may be white as well as coloured 

(e.g. Reimann‘s green), extenders (e.g. chalk powder, talc), binders (e.g. casien or glue) and 

dispersion medium water. These water paints have good covering power, easy applicability, 

and smooth, pleasant looking durable film. The major disadvantage of these is the porous 

nature of the film which is not moisture proof. 

 

9.1.5 CHARACTERISTICS OF AN IDEAL PAINT 

 

1. Wearability: 

Paint must be resistant to the wear and tear of the atmosphere and should maintain its color, 

smoothness and finish for a long time.  

 

2. Covering ability: 

Paints should cover the body uniformly and homogeneously on which it is applied and the finish 

should be smooth and uniform. 

 

3. Ease of cleaning: 

When it is required to clean the paint, it shold be easy to remove i.e A good paint should not react 

chemically with the materials but should only cover its surface. 

 

5. Environmentally Friendly: 

Paint should be water based and must not have any plasticizers or biocides as solvents. 

 

6. Aesthetic: 

It should provide a comfortable room climate and must not allow moulds and algae to grow on it. 

 

7. Practical and cost effective: 

The other qualities of a good paint are that they must be cheap, ready to use, long lasting and should 

color fast. In most cases Price is the decisive factor in selection of paints 

 

9.2 VARNISHES 
 

9.2.1 INTRODUCTION  

Varnish is a transparent, hard, protective finish or film that is primarily used in wood finishing but 

also for other materials. Varnish is traditionally a combination of a drying oil, a resin, and 

a thinner or solvent. 

 

 

https://en.wikipedia.org/wiki/Transparency_(optics)
https://en.wikipedia.org/wiki/Wood_finishing
https://en.wikipedia.org/wiki/Drying_oil
https://en.wikipedia.org/wiki/Resin
https://en.wikipedia.org/wiki/Turpentine_substitute
https://en.wikipedia.org/wiki/Solvent
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9.2.2 FUNCTION  

 To the painted surface to increase its brilliance. 

 Over a wooden object as a decorative and protective covering. 

 To protect from the atmospheric action 

 

9.2.3 INGREDIENTS 

a. Resins 
Commonly used resins are copal mastic, amber gum and lac. Quantity of varnish depends 

much upon the quality of resin used. Copal is considered to be the best, toughest, hardest and 

is very durable for external work. 

b. Solvents 
These must suit the resins used. Boiled linseed oil Is used to dissolve copal or amber, 

turpentine oil for common resin or mastic, methylated spirit for lac. Wood naphtha, because 

of its offensive smell is not suited for superior works and is used only for cheap varnish. 

c. Driers 
These should be added only in small quantities as an excessive injures varnish and impairs its 

durability. Litharge or lead acetate are the commonly used driers in varnish added to 

accelerate drying process. 

 

 

9.2.2 TYPES OF VARNISHES 

a. Oil Varnish 
These are made by dissolving hard resins like amber or copal in oil. They are slow to dry but 

are hardest and most durable of all varnishes. There are suited for being used on exposed 

surfaces requiring polishing or frequent cleaning and for superior works. 

b. Turpentine Varnish 
These are made from soft resins like mastic,common resin is dissolved in turpentine oil. 

c. Spirit Varnish 
Varnishes in which spirit is used as a solvent as known as spirited varnish or French Polish. 

Shellac is dissolved in spirit and the product is applied in a thin layer. This varnish gives a 

transparent finish thus showing the grains of the timber. These however, do not weather well 

and as such are used for polishing wood work not exposed to weather. 

d. Water Varnish 
They consists of lac dissolved in hot water with borax, ammonia, potash or soda just enough 

to dissolve the lac. Varnish so made withstands washing. It is used for painting wall paper and 

for delicate work. 

 

9.3 ANTI TERMITE TREATMENT 
9.3.1 Introduction  

Termites are the real enemy of buildings and other materials which are used in buildings. They live in 

a colony and are very fast in eating wood and other cellulosic materials as food.The treatment given to 

a building control or prevent the growth of the termite is known as anti-termite treatment or as termite 

proofing. Termites (white ants) or any other type of bacteria which have their growth through 

decomposition of organic substances are enemy of building. These termites are very harmful to 

buildings finishing, materials and any products of wood or by-product of wood in terms of windows, 

doors and other wooden structures. Not only this, sometimes they build their runway on the surface of 

foundation walls, pipers, door etc. Therefore, anti-termite treatment is important for safety of 

buildings and its various materials and articles. 
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9.3.2 METHODS OF CONTROL 

a. Site treatment- Site clearance should be done before construction.The site preparation 

consist of removing the stumps, roots, logs, waste woods etc from the site where the building 

is to be constructed. 

 

b. Soil treatment-  

 10% solution of sodium arsonite in water. 

 51% solution of pentachlorophenyle in phenote. 

 One part of eresotate to 2-3 part of kerosene oil. 

 To make the soil treatment effective the chemical water emulation is applied in 

required dosage on entire area of ground covered by the building. 

 

c. Floor treatment- 

 New construction floor 

 Existing floor 

 

d. Mound treatment-  

 Generally termite mounds are found in damp soil.  

 1.5 to 1.7 kg DDT powder 

e. Construction of anti-termite obstruction. 
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CHAPTER - 10 

ASPHALT, BITUMEN, TAR AND MISCELLANEOUS MATERIAL 

            

            

          5 MARKS  

 

10.1 TYPES, PROPERTIES AND USES OF ASPHALT, BITUMEN AND TAR 

 

10.1.1 ASPHALT 

INTRODUCTION 

 

It is bitumen mixed with inert material like sand, gravel and crushed stones. Asphalt is a dark brown 

to black, highly viscous, hydrocarbon produced from petroleum distillation residue. This distillation 

can occur naturally, resulting in asphalt lakes, or occur in a petroleum refinery using crude oil. 

 

TYPES OF ASPHALT 

i) Natural Asphalt- It is also known also native asphalt and is  obtained from nature. 

Depending upon the source of occurrence, it can be broadly classified into two types: lake 

asphalt and Rock asphalt. 

 

a) Lake Asphalt-  

It is obtained from lake at Trinidad and Bermuder( South America) at depth varying from 

3 to 60 m. It is a composite mineral containing about 40 to 70% of pure bitumen. It is 

refined by boiling in a tank. The water evaporates and the impurities collected at the top 

are removed. It is widely used for road and pavement construction. 

 

b) Rock Asphalt-  
A naturally occurring rock formation usually lime stone or sand stone intimately 

impregnated throughout its mass with bitumen is termed as rock asphalt.It contains about 

4 to 20% pure bitumen by volume, the rest consists of calcareous materials. It is used in 

crushed and heated form in making road pavements. It can also be used for roofing 

sheets, paving tiles etc. 

 

ii) Artificial or Mastic Asphalt- It is also known as residual or petroleum asphalt. It is 

obtained by the fractional distillation of the crude petroleum oils with as asphaltic base. The 

residual product which settles at the bottom contains asphalt. 

 

PROPERTIES OF ASPHALT 

i. It is sticky or adhesive and binds strongly as cement. 

ii. It is usually solid or semi-solid in state. 

iii. It is blackish- brown in colour. 

iv. It is water proof. 

v. It is durable and retains its properties for several years. 

vi. It is elastic. 

vii. It becomes plastic and workable when heated. 

viii. It possesses binding properties when softened by heat. 

ix. It is not seriously affected by adverse weather. 

x. It is good conductor of heat, sound and electricity. 

xi. It is ductile and can be stretched without breaking. 

xii. It is soluble in varying degree i.e. carbon disulphide. 

 

USES OF ASPHALT 

i. It is used as damp proof course (DPC) for preventing dampness in walls, floor and roof of 

buildings. 
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ii. As water repellent layer over flat roofs, arches and basements. 

iii. Used in lining walls of tanks, swimming pools and in others such places. 

iv. Used for smooth and non-absorbent flows of bathrooms, latrines etc. 

v. Used for preparing paints and roofing felts. 

vi. In the form of asphalt mortar and asphalt concrete, it is extensively used for paving roads in 

different ways such as surface dressing, grouted macadam, coated macadam etc. 

vii. Used for flooring purposes. 

viii. Used for preparing useful electric insulating materials when mixed with wood tar, pitch, 

rubber, resin etc. 

 

 

10.1.2   BITUMEN 

 

 INTRODUCTION 

Bitumen is non-crystalline  black or dark coloured solid or viscous cementitious substances consists 

chiefly high molecular weight hydrocarbons derived from distillation of petroleum or natural asphalt, 

has adhesive properties, and is soluble in carbon disulphide. 

 

In accordance with their mode of extraction, bitumen can be classified as; 

a) Natural bitumen- occurs naturally. 

b) Artificial bitumen- End products of form distillation or as extracts from selected petroleum 

oils. 

In accordance with the various materials added to it, it can be named as:  

a) Cutback Bitumen- In cutback bitumen suitable solvent is used to lower the viscosity of the 

bitumen and can thus be used in low temperature applications. After a cutback is applied the 

solvent evaporates away and only the asphalt cement is left. The distillates used for 

preparation of cutback bitumen are naphtha, kerosene, diesel oil, and furnace oil. There are 

different types of cutback bitumen like 

- Rapid curing: recommended for surface dressing and patchwork.( petrol) 

- Medium curing: recommended for premix with less quantity of fine aggregates. (Kerosene) 

-Slow curing:  used for premix with appreciable quantity of fine aggregates. (Diesel) 

 

b) Straight run bitumen- Bitumen that can be distilled into definite viscosity without further 

treatment is called straight run bitumen.  

 

c) Air blown bitumen- Special properties are developed in semi-solid bitumen by blowing air 

through the residue in hot condition. This bitumen is also called oxidized bitumen. It is not 

used in paving mixes but is used for roofing, battery boxes, water proofing etc. It is widely 

used as crack and joint filler material for concrete pavement. 

 

d) Bitumen emulsion- Bitumen emulsion is a liquid product in which bitumen is suspended in a 

finely divided condition in an aqueous medium and stabilised by suitable material. Normally 

cationic type emulsions are used in India. The bitumen content in the emulsion is around 

60%, water which is assisted by an emulsifying agent (such as soap). When the emulsion is 

applied on the road it breaks down resulting in release of water and the mix starts to set. It can 

be used for soil stabilization, patch repair work of bituminous road. 

 

PROPERTIES 

i. It is characteristically solid or semi-solid, black and sticky. 

ii. It melts or softens on application of heat. 

iii. Its specific gravity is 1.09. 

iv. It is completely soluble in carbon disulphide. 

v. It is a binder in all types of asphalt. 

vi. It possesses great chemical stability but is affected by oil. 

vii. It has low permittivity and high insulation resistance. 
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USES 

i. Used as damp proof course in walls and under basements and in lining tanks, swimming 

pools, urinals etc. 

ii. Since it forms good expansion joint therefore, it is used for filling up the joints in leaky roofs. 

iii. It is being extensively used as a road making material. 

iv. It is used for making heat insulating materials for buildings. 

v. It is employed in the manufacture of roofing felt, impermeable paints and cold moulded 

bituminous plastics. 

vi. It is also used for making bituminous filling compounds for cable boxes, sealing accumulators 

etc. 

 

10.1.3 TAR 

 

INTRODUCTION 

Tars are residues from the destructive distillation of organic substances such as coal, wood, or 

petroleum and are temperature sensitive than bitumen. It is black or dark brown in color. It has  better 

adhesive properties. It is chemically inert and corrosion resistant. 

 

TYPES 

a) Wood Tar- It is produced by distillation of pure and resinous trees. It contains creosote oil 

and hence possesses strong preservative properties. 

b) Coal Tar- It is obtained as byproduct in the destructive distillation of coal or a byproduct in 

the manufacture of coal gas. It is used as preservative for timber and in making tar-macadam 

roads. 

c) Mineral tar- It is obtained by distillation of bituminous shales. 

 

PROPERTIES 

The properties of tar depend upon the type of raw materials use for manufacture, method of 

distillation and proportion of residual matter incorporated. 

i. It contains 75 to 95% of bituminous contents. 

ii. It contains higher percentage of carbon. 

iii. It hardens much quicker than asphalt. 

iv. It is more adhesive than asphalt. 

v. It possesses toxicity to a high degree. 

 

USES 

i. Used for roofing and road making. 

ii. Used for making bituminous paints and water proofing compounds. 

iii. Used as a preservative for timber. 

iv. Used as a saturent for felts. 

v. Used for painting of latrine walls. 

 

 

10.2 TYPES, PROPERTIES AND USES OF GLASS 

 

10.2.1 INTRODUCTION 

Glass is a transparent or translucent non-crystalline amorphous solid made from silica, soda(Na2CO3 ) 

lime(CaO or CaCO3 )  and has widespread practical, technological, and decorative usage in, for 

example, window panes, tableware, and optoelectronics. 

 

 

10.2.2 TYPES OF GLASS 

Depending upon the composition and properties, glass is classified as: 

1) Soda- lime glass 

2) Flint glasss 

https://en.wikipedia.org/wiki/Crystallinity
https://en.wikipedia.org/wiki/Amorphous_solid
https://en.wikipedia.org/wiki/Optoelectronic
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3) Pyrex or heat resistant glass 

4) Special Glass- 

a) Sheet glass e) Foam glass 

 

i) Safety glass 

b) Plate glass f) Structural glass j) Wire glass or reinforced 

glass 

c) Ground glass g) Annealing glass   

 

d) Insulating glasss h) Bullet proof glass   

 

 

1.  Soda  lime glass-  

 Soda-lime glass, also called soda-lime-silica glass, is the most prevalent type 

of glass, Soda-lime glass is relatively inexpensive, chemically stable, reasonably 

hard, and extremely workable. Because it can be re-softened and re-melted numerous 

times, it is ideal for glass recycling. 

 Contains : Soda-lime glass is prepared by melting the raw materials, such as sodium 

carbonate (soda), lime, dolomite, silicon dioxide (silica), aluminium oxide(alumina), 

and small quantities of fining agents (e.g., sodium sulphate, sodium chloride) in 

a glass furnace at temperatures locally up to 1675 °C 

 It is available in clean and clear state. 

 Uses- used for windowpanes and glass containers (bottles and jars) for beverages, 

food, and some commodity items.  

 

2. Flint glass- 

 Flint glass is optical glass that has relatively high refractive index and low Abbe 

number (high dispersion). 

  It contains varying properties of lead oxide. Lead provides brilliance and high polish 

which makes the glass for special purposes. 

 It contains: Sand . Red lead, Potash, waste glass. 

 It liquefies at a lower temperature than soda lime glass ant better lustre. 

 Traditionally, flint glasses were lead glasses containing around 4–60% lead(II) oxide; 

however, the manufacture and disposal of these glasses were sources of pollution. In 

many modern flint glasses, lead oxides are replaced with other metal oxides such 

as titanium dioxide and zirconium dioxide without significantly altering the optical 

properties of the glass. 

 Uses- Table wares, optical glass, electric lamps, thermometers, electric tubes, 

laboratory apparatus, containers for food. 

 

3. Pyrex or heat resistant glass 

 Both soda lime glass and flint glass are unable to withstand sudden temperature 

changes because of their large co-efficient of thermal expansion. The basic oxides 

that they contain make them susceptible to chemical attack by water and acids. 

Elimination of basic oxides and inclusion of boron oxides produce a glass that is very 

resistant to thermal shock and to attack by water and acids. The temperature to melt 

such a glass is so high that it has to be heated in electric arc. 

 It contains- silica, boron oxide, sodium oxides, alumina, and oxides of Ca, K, and 

Mg. 

 

 

 Uses: - cooking utensils 

- Laboratory 

-Because of its low expansion characteristics, Pyrex borosilicate glass is often 

the material of choice for reflective optics in astronomy applications. 

https://en.wikipedia.org/wiki/Glass
https://en.wikipedia.org/wiki/Glass_recycling
https://en.wikipedia.org/wiki/Glass#Glass_ingredients


 A complete note on Civil Engineering Materials, Chapter-10 

 

Prepared by Er. Anup Shrestha 5 

 

 

10.2.3 PROPERTIES OF GLASS 

 No definite and crystalline structures 

 No sharp melting point 

 Absorb, refract and transmit light 

 Affected by strong alkalis 

 Excellent electrical insulator 

 Extremely  brittle 

 Available in beautiful color 

 Not affected by air and water  

 Not affected by ordinary chemical agent 

 Capable of being worked in several ways. 

 Possible to weld pieces of glass by fusion. 

 

10.2.4 CONSTITUENT OF GLASS 

I) Silica- is a common fundamental constituent of glass. 

II) Sodium/ Potassium carbonate- To reduce the melting point of silica and to import the 

viscosity to the molten glass 

III) Lime- imports durability to the glass 

IV) Magnesium dioxide- in suitable proportion to correct the colour of glass. Manganese 

dioxide can be added in small amounts to remove the green tint given by iron(II) oxide. 

V) Cutlet-   It is the old broken glass of the same type which provides body to the glass. 

 

10.2.5 Uses of glass 

i) The fibre glass reinforced with plastics can be used in the construction of furniture, cars, 

trucks, lamp shapes, bathroom fittings etc. 

ii) It is used in the construction noses of deep diving vehicles. 

iii) The glass linings are applied on equipments likely to be affected by the chemical corrosion 

such as valves, pipes and pumps. 

iv) Thousand of the item in the body of guided missile are made of glass 

v) Hollow glass blocks can be used for construction of walls and ceilings of the modern homes. 

 

 

Glass also can be used in the following non-exhaustive list of products: 

 Packaging (jars for food, bottles for drinks, flacon for cosmetics and pharmaceuticals) 

 Tableware (drinking glasses, plate, cups, bowls) 

 Housing and buildings (windows, facades, conservatory, insulation, reinforcement structures) 

 Interior design and furnitures (mirrors, partitions, balustrades, tables, shelves, lighting) 

 Appliances and Electronics (oven doors, cook top, TV, computer screens, smart-phones) 

 Automotive and transport (windscreens, backlights, light weight but reinforced structural 

components of cars, aircrafts, ships, etc.) 

 Medical technology, biotechnology, life science engineering, optical glass 

 Radiation protection from X-Rays (radiology) and gamma-rays (nuclear) 

 Fibre optic cables (phones, TV, computer: to carry information) 

 Renewable energy (solar-energy glass, windturbines) 
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10.3 PLASTIC MATERIALS 

 

10.3.1 INTRODUCTION 

The word plastic is derived from the Greek (plastikos) meaning "capable of being shaped or molded". 

Plastic are organic material of high molecular weight which can be moulded to any desired form 

subjected to heat and pressure in the presence of catalyst. It is made from resin with or without fillers, 

plasticizers and pigments. 

 

10.3.2 TYPES  

 There are two types of plastics: 

a) Thermoplastics 

  Thermoplastics are the plastics that do not undergo chemical change in their 

composition when heated and can be moulded again and again. 

 It soften on heating and hardens on cooling. The hardness is temporary property 

subjected to change with rise or fall in temperature. 

 These are formed by addition polymerization and have long chain molecular 

structure. 

 They have low melting temperature so aren’t so strong as thermosetting plastics. 

 Eg:  Arcyclic( glass for door and windows) 

Cellulose acetate( insulation of electric cable) 

Cellulose nitrate( set squares, slide rules, fountain pens) 

Polyethene(electric insulation, kitchen ware, toy, sheets for packing) 

Polysterene(Electric equipments, refrigerator ports, food containers, toy) 

Polyvinyl choride and polyvinyl acetate (drainage pipe, floor fixes, emulsion 

paints etc)] 

 

b) Thermosetting plastics 

 Thermosetting glass can melt and take shape once; after they have solidified, they 

stay solid. In the thermosetting process, a chemical reaction occurs that is 

irreversible. Once cooled and hardened, these plastics retain their shapes and cannot 

return to their original form.  

 They are hard and durable.  

 Eg:  Bakelite, amino resins, polyurethanes, polyesters, epoxy resins and phenolic 

resins. 

 Uses- Electrical equipments, plaques or plug, sockets, switches, ash trays, Knobs 

handle etc. 

 

10.3.3 CONSTITUENT OF PLASTICS 

a) Resins- acts as  binder 

 

b) Fillers-Fillers improve performance by increasing hardness, strength, bond, opacity, finish 

and/or reduce production cost. Many plastics contain fillers, relatively inert and inexpensive 

materials that make the product cheaper by weight. 

 

c) Plasticizers-Since many organic polymers are too rigid for particular applications, they are 

blended with plasticizers. It helps to neutralize the intermolecular force of attraction between 

resins. 

 

d) Colorants/Pigments -Colorants are common additives, although their weight contribution is 

small. 

 

e) Lubricant- To make easier moulding. 

 

f) Catalyst- To accelerate polymerization. 
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10.3.4 PROPERTIES OF PLASTICS 

i) Light weight 

ii) Low thermal conductivity 

iii) A wide range of colors 

iv) Resistance to deterioration by moisture 

v) Low electrical conductivity 

vi) They are transparent, translucent or opaque 

vii) Good dimension stability and sound absorption property 

viii) Easily fixed in position and quite durable. 
 
10.3.5 USES OF PLASTICS 

i) Electrical conduits 

ii) Floor tiles 

iii) Electrical insulator 

iv) Foams for thermal insulation 

v) Overhead water tank 

vi) Joint less flooring 

vii) Decorative laminates and mouldings 

viii)Bath and sink units 

 

10.4 INSULATING MATERIALS 

The material which control transmission of heat and cold and offer resistance to reflection and 

transmission of sound and electricity are known as insulating materials. 

 

TYPES OF INSULATING MATERIAL 

1) Heat insulating material 

2) Sound insulating material 

3) Electrical insulating material 

 

1. Heat Insulating Material-   The materials which offer resistance to transfer heat are called heat 

insulating material. The function of thermal or heat insulator is to resist the flow of heat through its 

body. 

 

Requirement of Heat Insulating Material 

i) Thermal stability 

ii) Chemical stability 

iii) Physical stability 

iv) Low thermal conductivity 

v) Resistance to moisture 

vi) Low specific heat 

vii) Odourless 

viii) Low specific gravity 

ix) Resistance to vibration ad shock 

x) Non- inflammability 

xi) Porous and fibrous texture 

xii) Economical inn its initial cost 
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CLASSIFICATION OF HEAT INSULATING MATERIAL 

Organic Heat Insulator Inorganic Heat Insulator 

1 Wool 1 Air(steel) 

2 Cattlehair 2 Slag wool 

3 Eelgrass 3 Mineral wool 

4 Cottonwool 4 Glass wool 

5 Corkboard 5 Aluminium foil 

6 Silk 6 Diatomaceous earth(powder) 

7 Wood pulp 7 Charcoal 

8 Sugarcane fiber 8 Wood ashes 

9 Saurdust 9  Gypsum (powder) 

10 Cardboard(corrugated) 10 Slag 

11 Paper etc 11 Asbestos etc 

 

1. SOUND INSULATING MATERIAL 

The material which offers resistance to reflection and transmission of sound are called as sound 

insulating materials. 

 

REQUIREMENTS 

i) It should be able to absorb noise to desired extent 

ii) It should be such that it can be cleaned, washed or painted easily to maintain a clean 

appearance. 

iii) It should be resistance to vermin, insects, termite and dry rot. 

iv) It should be fire resistant. 

v) It should be able to withstand weathering effects 

vi) It should be lighter so it can be handled and fixed easily. 

vii) It should be economical in its initial cost. 

viii) In its finished form, it should offer pleasant appearance. 

 

 

CLASSIFICATION OF SOUND INSULATING MATERIAL 

a) Soft material- These materials have sufficient porosity and are good sound absorbers.  

E.g.: Asbestos, rock wool, glass, silk, etc. 

 

b) Semi-hard material- They are stiff enough to stand rough handling and can also serve as 

building panels. E.g.: mineral wool boards, cane fibres,etc 

 

c) Hard material- These are hard material which has been made porous during manufacture. 

They also serve as protective surfaces. E.g.: Porous tiles of masonry,etc 

 

10.5GYPSUM PRODUCTS 

 

10.5.1 INTRODUCTION 

The word gypsum is derived from the Greek word gypsos, "plaster".Gypsum is a soft sulfate 

mineral composed of calcium sulfate dihydrate, with the chemical formula CaSO4·2H2O. 

Gypsum is white crystalline substances soluble in hydrochloric acid, sparingly soluble in 

water and insoluble in sulphuric acid. It sets and hardens quickly hence used as binding 

material. 

 

 



 A complete note on Civil Engineering Materials, Chapter-10 

 

Prepared by Er. Anup Shrestha 9 

 

10.5.2 PROPERTIES OF GYPSUM PRODUCTS/ITEM 

i. Good sound absorber 

ii. Possess small bulk density 

iii. They are incombustible 

iv. They have poor strength in wet state 

v. They develop high creep under load especially, in moist surroundings. 

vi. Gypsum is moderately water-soluble  

vii. When gypsum is heated in air it loses water and converts first to calcium sulphate 

hemihydrate, (bassanite, often simply called "plaster") and, if heated further, to anhydrous 

calcium sulphate (anhydrite) known as plaster of paris. 

 

10.4.3 USES 

i. It is used as filler in paint, paper and rubber industries. 

ii. Used in manufacture of cement to increase its setting time. 

iii. It is also used to prepare “Plaster of Paris” and gypsum boards. These boards are popularly 

known as gypsum board and are formed by mixing gypsum with asphalt. 

 

10.5 COMPOSITE MATERIAL 

10.6.1 INTRODUCTION 

  

A composite material is a material made from two or more constituent materials with significantly 

different physical or chemical properties that, when combined, produce a material with characteristics 

different from the individual components. The individual components remain separate and distinct 

within the finished structure. The new material may be preferred for many reasons: common examples 

include materials which are stronger, lighter, or less expensive, heat resistance or stiffness when 

compared to traditional materials. 

E.g.: Pearlitic steels, wood, R.C.C, vehicle tyres. 

 

 

Composition 

 Multiple metal alloys 

 Ceramics 

 Polymers 

 

Following affects the properties of composite 

 The size and distribution of constituent in relation to each other. 

 The bond strength between them. 

 The shape, size, amount and properties of each material. 

 

BENEFITS OF COMPOSITE 

 Non-corrosive 

 Non-conductive 

 Flexible, will not dent 

 Low maintenance 

 Long life 

 Design flexibility 

 

USES  

 craft 

 Boats and marine 

 Sporting equipment (Golf shafts, tennis rackets, surfboards, hokey sticks, etc.) 

 Automotive components 
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 Wind turbine blades 

 Body armor 

 Building materials 

 Water pipes 

 Bridges 

 Tool handles 

 Ladder rails 

 

CLASSIFICATION OF COMPOSITES 

1. Particle reinforced-  large particle 

Dispersion strengthen 

 

2. Fibre reinforced- Continous(aligned) 

Discontinous(short) 

 Aligned 

 Randomly oriented 

 

3. Structural-  laminates 

Sandwich pannel 

 



Himalaya College of Engineering, BCE   
 

CIVIL ENGINEERING MATERIAL 

FIELD WORK 
 

“You cannot plough the field by turning it over your mind”. In order to widen the horizon of the 

knowledge one has to go to the field along with the bookish knowledge. Hence this fieldwork is 

designed to increase the knowledge and understanding about the subject. 

 

The students are divided into groups of 6 members each. Each group will be given a certain topic in 

which they have to go to the field to collect the information about the topic and have to present the 

details in any of the following format: 

 Powerpoint Presentation 

 Chart paper Presentation 

 Model Preparation and Presentation 

(Students should include the photographs taken at the site by themselves in the presentation) 

 

Students should collect the following information regarding the topic: 

 Location of the site where information are collected 

 Source of the material (Location from where it is brought to site) 

 Manufacturing company 

 Physical Properties of material 

 Chemical Composition of the material 

 Purpose of the material 

 Types found in market 

 Cost of the material (per unit or per unit volume) 

 Type of manpower required for construction (Skilled, Unskilled, Semiskilled) 

 Methods to check the quality of materials at site without mechanical device (if any) 

 Precautions during construction 

 Prevention of the constructed products 

 

The details of group and topics are given below: 

Roll No. Topic 

1-6 Stones 

7-12 Brick 

13-18 Cement 

19-24 Sand 

25-30 Timber 

31-36 Bitumen 

37-42 Fibre glass 

43-48 Reinforcement (Steel) 

49-54 Aluminium 

55-60 Prefab Materials 

61-66 Corrugated sheet 

67-72 PVC materials 

73-78 Paints 

79-84 Tiles 

85-90 Aggregates 

91-96 Fibre reinforced plastic 

 

The students should submit the presentation to the Department of Civil Engineering within the 

specified time. The presentation after the deadline wouldn’t be entertained and students wouldn’t get 

any marks for that. 
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