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1.1 Scope of Civil Engineering :


Civil Engineering is the oldest branch of Engineering next to Military Engineering. It involves planning, design, construction and maintenance of structures such as bridges, roads, canals, dams, tunnels and multi-storeyed buildings.
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Shelter is the basic need of civilization. The huts built with bamboos and leaves can be taken as the early civil Engineering Constructions carried out to satisfy the needs for shelter. Over the years there has been a tremendous growth in the field of civil Engineering to provide quality houses which are safe, functional, aesthetic and economical.
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Flats and apartments are constructed in urban areas to provide shelter to large number of people. Multi storeyed buildings and sky−scrapers are planned and constructed to provide office space, shopping−malls, cyber centers, hotels and restaurants etc.
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Irrigation is defined as the artificial application of water to land for the purpose of raising crops. Civil Engineering gives vast scope for irrigation by constructing barrages, dams, canals and distributaries. Vast areas of dry land have been successfully irrigated and green revolution has become a reality in India.
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Providing better transportation facilities is also a part of civil Engineering. Good network of roads, highways & expressways are necessary for movement of men and materials. Railways, Airways and Waterways are needed for overall development of any country.
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Water is an important need for all living beings. Potable water supply to the towns and cities is a thrust area in Civil Engineering. Natural water available in lakes and rivers is not suitable for drinking without proper treatment. Hence big water treatment plants have been constructed and operated to supply potable water to the public. In addition, waste water generated in the city has to be taken out and disposed after providing suitable treatment.
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Flood control and environmental protection  are other areas where in Civil Engineering has an important role to play. Dams and levees are constructed to mitigate floods. Waste Water Treatment plants are constructed to prevent pollution of surface and ground water sources.

1.2 Role of Civil Engineers :


A Civil Engineer is one who deals with the planning, designing, construction and maintenance of different types of Civil Engineering works. He should be competent in various fields such as surveying, analyzing, estimating, construction scheduling and construction management.


A Civil Engineer will involve in various Engineering activities such as
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Surveying and preparation of estimates.
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Planning and designing and construction of houses, apartments, office − buildings, commercial establishments and factory building.
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· Planning and design of transportation facilities such as highways and Railways.

[image: image155.jpg]\s\q

..,
énlh NN
WA

[
~§ —mh

- _.i\\“\m# \.

L ATE




[image: image160.bmp]
· Construction of ports and harbours, Railway stations, bus and truck terminals, airports and helipads.
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· Construction of dams and canals for irrigation, drinking water supply for flood control purposes.

· Planning, design and construction of pollution control facilities such as sewage treatment plants.
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1.3 Impact of Infrastructural developments on the economy of the country :

The term infrastructure is used to denote the conditions which are available for economic development of a region. In other words infrastructure can be defined as the facilities to be provided by the state or central government or local administration for overall development of a region. The facilities include power generation, transportation, health, education, water and sanitation and other public utilities.


The investments made on infrastructural developments have a profound impact on the economy of the country. Some of the effects of investment made on infrastructure is given below.

· Investment on infrastructral facilities result in increased job opportunities for both skilled and unskilled and literate and illiterate people. Eg: Construction of new roads, bridges & canals provide employment to large number of poor people.

· The creation of better infrastructure in a region motivate entrepreneurs to establish their own industries, service centers, commercial establishments etc. This will open up job opportunities to a number of unemployed people in the region. The improvements in job opportunities will have positive effect on economy.

Summary :


Civil Engineering involves planning, design, construction and maintenance of structures such as buildings, bridges and roads. An Engineer who is competent to carry out Civil Engineering works is recognised as a Civil Engineer.


The investments made on infrastructure projects result in creating a conducive environment for investments by entrepreneurs. This will lead to increased job opportunities and positive impact on the local economy.

Review Questions:

1) Explain briefly the scope of Civil Engineering

2) What do you mean by infrastructural development? Explain.

3) Write a note on the impact of infrastructral development on the economy of a country.

4) Discuss the role of a Civil Engineer in the development of a country.

5) List the various responsibilities of civil Engineers.

References :
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2) Kolhapure B.K., Elements of Civil Engineering, Eastern Book Promoters, Belgaum
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4) K. Raghupathi, Elements of Civil Engineering, Shiva Book Centre, Bangalore.

Session - 2

1.4 Planning, Scheduling and Construction Management 

The construction industry plays a significant role in the development of national economy. Almost half of the total outlay in any Five year plan is utilized for construction activities which constitute an integral part of all development projects. During the last four decades, the construction industry in India has undergone large scale mechanization with rapid changes and advancement in construction practices as well as in the management of construction works. The term ‘Construction’ is no longer limited only to the physical activities involving men, materials and machinery but covers the entire gamut of activities from conception to realization of a construction project.
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1.5 Construction Management : 

Management is the science and art of planning, organising, leading and controlling the work of organisation members and of using all available organisation resources to reach stated organizational goals.

Construction management deals  with economical consumption of the resources available in the least possible time for successful completion of construction project. ‘Men’, ‘materials’, ‘machinery’ and ‘money’ are termed as resources in construction Management.

[image: image4.jpg]



1.5.1 Objectives of Construction Management :
The main objectives of construction management are,

· Completing the work with in estimated budget and specified time.

· Maintaining a reputation for high quality workmanship

· Taking sound decisions and delegation of authority

· Developing an orgnisation that works as a team.

1.5.2 Functions of Construction Management 

The functions of construction Management are

(a) Planning

(b) Scheduling

(c) Organising

(d) Staffing

(e) Directing

(f) Controlling

(g) Coordinating

(a) Planning:


It is the process of selecting a particular method and the order of work to be adopted for a project from all the possible ways and sequences in which it could be done. It essentially covers the aspects of ‘What to do’ and ‘How to do it’.
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Importance of planning :

· Planning helps to minimize the cost by optimum utilization of available resources.

· Planning reduces irrational approaches, duplication of works and inter departmental conflicts.

· Planning encourages innovation and creativity among the construction managers.

· Planning imparts competitive strength to the enterprise.

b) Scheduling : Scheduling is the fitting of the final work plan to a time − scale. It shows the duration and order of various construction activities. It deals with the aspect of ‘when to do it’.
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Importance of scheduling : Scheduling of the programming, planning and construction process is a vital tool in both the daily management and reporting of the project progress.

c) Organising : Organising is concerned with decision of the total construction work into  manageable departments/sections and systematically managing various operations by delegating specific tasks to individuals.

d) Staffing : Staffing is the provision of right people to each section / department created for successful completion of a construction project.

e) Directing : It is concerned with training sub ordinates to carryout assigned tasks, supervising their work and guiding their efforts. It also involves motivating staff to achieve desired results.

f) Controlling : It involves a constant review of the work plan to check on actual achievements and to discover and rectify deviation through appropriate corrective measures.

g) Coordinating : It involves bringing together and coordinating the work of various departments and sections so as to have good communication. It is necessary for each section to aware of its role and the assistance to be expected from others.
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1.5.3 Importance of Construction Management :
1. Proper management practices invariably lead to “maximum production at least cost”. A good construction management, results in completion of a construction project with in the stipulated budget.

2. Construction management provides importance for optimum utilization of resources. In other words, it results in completion of a construction project with judicious use of available resources.

3. Construction management provides necessary leadership, motivates employees to complete the difficult tasks well in time and extracts potential talents of its employees.

4. Construction management is beneficial to society as the effective and efficient management of construction projects will avoid, escalation of costs, time overrun, wastage of resources, unlawful exploitation of labour and pollution of environment.

Review Questions

1) Define the term management.

2) What is meant by construction management?

3) State the main objectives of construction management.

4) Explain the major functions of construction management.

5) Describe the various resources required for construction.

6) Explain the importance of management.

7) Define the term planning.

8) Explain the importance of planning.

9) What do you mean by scheduling? Explain.
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Several materials are required for construction.  The materials used in the construction of Engineering Structures such as buildings, bridges and roads are called Engineering Materials or Building Materials.  They include Bricks, Timber, Cement, Steel and Plastics. 


The materials used in Civil Engineering constructions can be studied under the following headings. 

1. Traditional materials 

2. Alternate building materials 

3. Composite materials 

4. Smart materials 

It is necessary for an engineer to be conversant with the properties of engineering materials.  Right selection of materials can be made for a construction activity only when material properties are fully understood. 

Some of the most important properties of building materials are grouped as follows. 

	Group
	Properties

	Physical 
	Shape, Size, Density, Specific Gravity etc., 

	Mechanical 
	Strength, Elasticity, Plasticity, Hardness, Toughness, Ductility, Brittleness, Creep, Stiffness, Fatigue, Impact Strength etc.,  

	Thermal 
	Thermal conductivity, Thermal resistivity, Thermal capacity etc., 

	Chemical 
	Corrosion resistance, Chemical composition, Acidity, Alkalinity etc., 

	Optical 
	Colour, Light reflection, Light transmission etc.,

	Acoustical 
	Sound absorption, Transmission and Reflection. 

	Physiochemical 
	Hygroscopicity, Shrinkage and  Swell due to moisture changes  


Definitions 

· Density: It is defined as mass per unit volume.  It is expressed as kg/m3.

· Specific gravity: It is the ratio of density of a material to density of water. 

· Porosity: The term porosity is used to indicate the degree by which the volume of a material is occupied by pores.  It is expressed as a ratio of volume of pores to that of the specimen. 

· Strength: Strength of a material has been defined as its ability to resist the action of an external force without breaking. 

· Elasticity: It is the property of a material which enables it to regain its original shape and size after the removal of external load. 

· Plasticity: It is the property of the material which enables the formation of permanent deformation. 

· Hardness: It is the property of the material which enables it to resist abrasion, indentation, machining and scratching. 

· Ductility: It is the property of a material which enables it to be drawn out or elongated to an appreciable extent before rupture occurs. 

· Brittleness: It is the property of a material, which is opposite to ductility. Material, having very little property of deformation, either elastic or plastic is called Brittle. 

· Creep: It is the property of the material which enables it under constant load to deform slowly but progressively over a certain period. 

· Stiffness: It is the property of a material which enables it to resist deformation. 

· Fatigue: The term fatigue is generally referred to the effect of cyclically repeated stress. A material has a tendency to fail at lesser stress level when subjected to repeated loading. 

· Impact strength: The impact strength of a material is the quantity of work required to cause its failure per its unit volume.  It thus indicates the toughness of a material. 

· Toughness: It is the property of a material which enables it to be twisted, bent or stretched under a high stress before rupture. 

· Thermal Conductivity: It is the property of a material which allows conduction of heat through its body.  It is defined as the amount of heat in kilocalories that will flow through unit area of the material with unit thickness in unit time when difference of temperature on its faces is also unity. 

· Corrosion  Resistance: It is the property of a material to withstand the action of acids, alkalis gases etc., which tend to corrode (or oxidize). 


Review Questions:  

1. Discuss the factors that are taken into considerations in selecting materials for engineering design. 

2. Mention the list of important physical properties of building material. 

3. Describe the important mechanical properties of building materials. 

4. Explain the following terms. 

a. Hardness


b. Chemical resistance 

c. Bulk density 

d. Impact strength 

e. Thermal resistance 

f. Elasticity 

g. Strength 

h. Durability 

i. Creep 

j. Porosity 

5. Differentiate between the following 

a. Density and bulk density 

b. Fire resistance and Frost resistance 

c. Elasticity and plasticity 

d. Ductile materials and Brittle materials 

e. Hardness and Impact strength

References 
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1. Traditional Materials 

The building materials such as stones, bricks and timber are called traditional building materials since these materials are used from the early ages of civilization. Cement, cement-mortar and cement-concrete are also grouped under traditional materials although they are of recent origin compared to stones and bricks.  The properties and uses of some of the most commonly used traditional building materials have been discussed here. 

a. Stones 

Stones are obtained from rocks.  A rock represents a definite portion of earth’s surface.  Process of taking out stones from natural rock beds is known as quarrying.  The term quarry is used to indicate the exposed surface of natural rocks.  Stones, thus obtained, are used for various engineering purposes. 
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Properties: A good building stone should have the following qualities. 
1. Crushing Strength: For a good structure stone, the crushing strength should be greater than 100 N/mm2.  

2. Hardness: For a good building stone, the coefficient of hardness should be more than 17.

3. Fracture: For a good building stone, its fracture should be sharp, even and clear. 

4. Percentage wear: The percentage wear should be equal to or less than 3%. 

5. Resistance to fire: Minerals composing stone should be such that shape of stone is preserved when a fire occurs. 

6. Water absorption: For a good stone, percentage absorption by weight after 24 hours should not exceed 0.6. 

7. Specific gravity: A good building stone should have a specific gravity more than 2.7. Compact and less porous building stones will have higher specific gravity.  

8. Durability: A good build stone possesses higher resistance against the action of weathering agents.  Durability is affected by chemical composition, resistance to atmospheric agents, physical structure etc.

9. Appearance: Stones which are used for face work should be decent in appearance and they should be capable of preserving their colour uniformly for a long time. 

10. Seasoning: Stones should be well seasoned before putting into use i.e., they should be free of moisture content (quarry sap).  Stones should be dried or seasoned before they are used in structural work. 
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Uses of Stones: 

1. Stones are used as a construction material for foundations, walls, columns and lintels. 

2. Stones are used for face-work of buildings to give good appearance. 

3. Thin stone slabs are used as roofing and flooring material. 

4. Crushed stones are used for production of cement concrete. 

5. Crushed stones are also used as ballast for railway track. 

6. Aggregate of stone is used as a road metal.  

b. Bricks:  Bricks are obtained by moulding clay in the rectangular blocks of uniform size and then by drying and burning these blocks.  Bricks are very popular as they are easily available, economical, strong, durable and reliable.  They are also reasonably heat and sound proof.  Thus, at places where stones are not easily available, but if there is plenty of clay, bricks replace stones. 
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Properties of bricks: Good bricks which are used as building material should possess the following qualities. 

1. Bricks should be uniform in shape and should be of standard size. 

2. Bricks should be table moulded, well burnt in kilns, copper coloured, free from cracks and with sharp and square edges. 
3. Bricks should give clear ringing sound when struck with each other. 
4. Bricks when broken should show homogeneous and compact structure. 
5. A brick should not absorb more than 15% of its weight of water when kept immersed for 24 hours.
6. The crushing strength should not be less than 5.5 N/mm2.  

7. Bricks should be sufficiently hard such that no impression is left when scratched with finger nails and they should be free of soluble salts. 

8. A brick should not break when dropped from a height of about one metre. 
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Uses of Bricks: 

1. Bricks are extensively used as a leading material of construction. 

2. A fire brick (Refractory brick) is used for lining the interiors of ovens, chimneys and furnaces. 

3. Broken bricks are used as a ballast material for railway tracks, and also as a road metal. 

4. Bricks are extensively used for construction of load-bearing walls and partition-walls. 

5. Bricks are also used for face-work when artistic effect is required. 

c. Timber: 

The word timber is derived from ‘Timbrian’ which means to build. Timber thus denotes wood which is suitable for building construction, carpenting or other engineering purposes. When it forms part of a living tree it is called ‘Standing timber’, when felled it is known as ‘Rough timber’ and when cut in to different forms such as planks, beams etc., it is known as ‘Converted timber’. 
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Properties of timber

1. Strength: A good timber should have high strength in bending, shear and direct effects so that it can be used as a structural member such as beam or column. 

2. Appearance: A good timber possesses fine and even texture, close grains and shining dark appearance. 

3. Durability: A good timber should be durable and capable of resisting the actions of fungi, insects, chemicals and physical agencies. 

4. Hardness and Toughness: A good timber will be hard and capable of resisting shock loads. 

5. Seasoning: Seasoning is the process of removal of water from the freshly cut timber when is present in the form of sap and moisture.  A good timber is to be well seasoned before using it for any engineering purposes. 

6. Resistance to fire and thermal expansion: A good timber should have high resistance to fire.  Timber has very low coefficient of thermal expansion parallel to grains and is a bad conductor of heat. 

7. Workability: A good timber should be easily workable and should not clog the saw and can be planed easily. 

8. Defects: A good timber should be free from serious defects like knots, flaws, shakes etc.
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Uses of Timber: 

1. For making doors, windows and ventilators. 

2. Used as flooring and roofing material. 

3. Used for making furniture. 

4. Used in making agricultural implements. 

5. Used in the manufacture of sport goods, musical instruments etc. 

6. Used in making railway coaches, wagons, buses, boats etc.

7. Used in making sleepers for railways, fencing poles, electric poles, footways, bridge floors, temporary bridges etc.

8.  Soft wood is used for manufacture of paper, card-boards, walls paper etc.

d. Mortar:


The term mortar is used to indicate a paste prepared by adding required quantity of water to a mixture of binding material and sand.  The most common binding material used in the preparation of mortar is cement.  Such a mortar is called cement-mortar. 
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Properties of mortar

1. Strength: The compressive strength of cement-mortar varies from           1 N/mm2 to 10 N/mm2 depending upon mix proportion of cement and sand and water added to it. 

2. Durability: Good cement-mortar can effectively withstand the adverse effects of weathering agents such as rain, wind and sun light.  
3. Impermeability: Mortars should be impervious and act as a water-tight layer. 
4. Shrinkage: Mortar exhibits tendency to shrink during setting process and likely to develop hair-line cracks.  Mortars with rich cement mix are prone to high shrinkage. 
5. Binding strength: When water is added to the dry mix of cement and sand, the hydration process of cement starts and cement binds the sand particles and the surrounding surfaces of masonry and concrete.  A good mortar possesses high binding strength. 
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Uses of mortar

1. Mortar is used as a binding material for brick and stone masonry constructions. 

2. Mortar is used to carry out pointing and plastering work on exposed surfaces of masonry. 

3. Mortar is used to provide fine finish to concrete works. 

4. Mortar is used for decorative finish to masonry walls and roof slabs. 

5. Mortar is used as a filler material in ferro-cement works. 

e. Cement concrete 


Cement concrete is an artificial product obtained by hardening of the mixture of cement, sand, gravel and water in pre-determined proportions.  The hardening of cement-concrete is due to chemical reaction between cement and water and the process is also called ‘setting’. 
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Properties of cement-concrete


Properties of concrete are different when it is in plastic stage (green concrete) and hardened stage. 

Properties of Green Concrete: 

1. Workability: The workability of a freshly prepared concrete is the ease with which it can be mixed, placed, compacted and finished without affecting homogeneity. 

2. Segregation: A good concrete is a homogeneous mixture of cement, sand, coarse aggregates and water.  Segregation during mixing, placing and compacting affects strength, durability and water tightness. 

3. Bleeding: Bleeding is the separation of water cement slurry from coarse and fine aggregates either due to excessive quantity of water in fresh concrete or due to  excessive vibration during compaction process.  Bleeding of concrete causes formation of pores and reduces compressive strength. 

4. Harshness: Harshness of concrete is due to use of poorly graded aggregates in concrete mix.  A harsh concrete is porous and difficult to get smooth surface finish. 

Properties of hardened Concrete

1. Strength: Hardened concrete should have high compressive strength.  Compressive strength is the most important parameter considered in the design of concrete structures. 

2. Durability: Concrete should be capable of withstanding the adverse effects of weathering agents such as wind and water.  In addition, it should resist temperature variation, moisture variation, freezing and thawing.  

3. Impermeability: Hardened concrete should be impermeable or water-tight.  This property of concrete is considered in the construction of water tanks and bins. 
4. Resistance to wear and tear: Hardened concrete should be capable of with standing abrasive action during its usage.  When concrete is used as a flooring material, or for construction of cement concrete roads, it should withstand abrasive action. 
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Uses of Cement Concrete

1. It is used for making Reinforced Cement Concrete (R.C.C.) and Prestressed Cement Concrete (P.S.C.).

2. It is used for mass concrete works such as dams and bridges. 

3. It is used for making electric poles, railway sleepers and high rise towers.

4. It is used for the construction of silos and bunkers. 

5. It is used for the construction of water tanks and under water construction.

6. It is used for the construction of road pavements and air port pavements. 

7. It is used for construction of arches and ornamental structures. 

8. It is one of the best universally accepted construction material and used in various civil Engineering works.

Reinforced Cement Concrete (R.C.C.)


Plain concrete can withstand very high compressive loads.  But it is very weak in resisting tensile loads. Steel, on the other hand can resist very high tensile force.  Hence, steel is embedded in concrete whenever tensile stresses are expected in concrete. Such a concrete is called ‘Reinforced Cement Concrete’. 
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Properties of R.C.C.

1. R.C.C. is highly economical when compared to other engineering materials.

2. R.C.C. is durable and can effectively resist moisture variation and temperature variation. 

3. R.C.C. is a fire resistant construction material. 

4. Water-tight structures such as water tanks can be constructed of R.C.C.

5. R.C.C. can be moulded to any shape and size before setting and hardening of concrete. 

Uses

1. R.C.C. is used for construction of structural elements such as beams, columns and slabs. 

2. R.C.C. is used for the construction of water tanks, storage bins, bunkers, tall chimneys, towers etc.,

3. R.C.C. is used in making raft foundations and pile foundations.  

4. R.C.C. is used in the construction of bridges, marine structures, aqueducts, high rise buildings and many other civil engineering works. 
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Review Questions: 

1. What are the qualities of good building stone?  Discuss them. 

2. What are the various uses of stones? 

3. What are the characteristics of good bricks? 

4. What are the uses of bricks? 

5. Enumerate the characteristics of good timber.

6. What are the common uses of timber in building industry?

7. What are the important properties of a good mortar mix? 

8. What are the uses of mortar? 

9. Define cement concrete and mention its properties. 

10. Explain the following

a. Water cement ratio.

b. Green concrete and Hardened concrete.

c. Workability of concrete.

d. Curing of concrete.

11. List some of the important uses of Cement Concrete. 

12. What is meant by R.C.C? List its advantages. 
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The rapid increase in population and the consequent increased construction activities are causing significant damage to the environment on account of the removal of fertile top soil for brick manufacture, mining and quarrying activities, unscrupulous extraction of precious sand and silt from the river bids, indiscriminate lumbering and the use of the scarce forest resources.  Further, the production processes for conventional (traditional) building materials are also energy intensive besides contributing to global warning due to the emission of green house gases. 


Hence, there is an urgent need to cut-down the usage of traditional building materials.  Fortunately, new building materials have been developed by the institutes and bodies involved in building materials research and development.  They include laboratories of Council for Scientific and Industrial Research (CSIR), Central Building Research Institute (CBRI), Roorkee, Structural Engineering Research Centre (SERC), Chennai, ASTRA, Bangalore, COSTFORD, Thrissur, Kerala and other state level institutes in India. 


The alternative building materials which are popular in India are: 

1. Stabilized Mud Blocks

2. Concrete Blocks 

3. Ferro-Cement 

1. Stabilized Mud Blocks

Traditionally mud has been intensively used for building construction in India and elsewhere. Even though pure mud construction has distinct advantages like readily available local material, lower cost, does not require firing, recyclable, environment friendly and better thermal comfort, it is not free from drawbacks. The major drawbacks of pure mud construction are, 

i) loss of strength on saturation, and 

ii) erosion due to rain impact, necessitating frequent repairs and maintenance. 
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Hence, eliminating the drawbacks of pure mud construction necessitates the use of stabilization techniques.  Stabilization of a soil means, modifying the characteristics of soil such that the modified soil has the desired properties for specific work.  Soil mixed with cement could be compacted at optimum moisture in to a high density block using a machine.  Such a block can be termed as ‘Stabilized Mud Block’ (SMB).  The soil used for making mud blocks should have low clay content (10 to 15%) and high sand and silt content (60 to 70%).  The cement content in the stabilized soil will be at least 5% by weight. 

The stabilized mud blocks are characterized by moderate compressive strength (5.5 N/mm2), low thermal conductivity, high water absorption, high fire resistance and good sound absorption.  SBMs are extensively  used in low cost building constructions.  Fly ash, iron-ore tailing, and red mud (from Aluminium plants) can be used for SMB production thereby eliminating environmental problems associates with disposal of such waste products. 

2. Concrete Blocks
The concrete blocks used in the masonry are of two types

i) Solid Concrete Block 

ii) Hollow Concrete Block 

i) Solid Concrete Block 

They are manufactured to meet the requirement of building blocks in towns and cities.  They are longer compared to bricks and are of size 400 mm x 200 mm x 150 mm. 

To reduce the weight of solid blocks, no-fine concrete is used. No-fine concrete is the one in which fine aggregate is not used, but smaller size aggregates, say 12 mm size round aggregates are used.  Solid blocks are used for construction load bearing walls.

ii) Hallow Concrete Block 

They are made from cement aggregate mix of 1 : 6 proportion in sizes of 390 mm x 190 mm x 300 mm, 390 mm x 190 mm x 200 mm and 390 mm x 190 mm x 100 mm. Aggregates used are 60% fine sand and 40% course aggregate (6 to 12 mm). 

Hollow concrete blocks possess core-void area greater than 25% of gross area.  The minimum compressive strength of such blocks will be            3 N/mm2. They are used for the construction of non load bearing walls, partition walls and compound walls.
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3. Ferro-Cement 

Ferro cement implies cement mortar of cement sand ratio 1 : 2 or 1 : 3 reinforced with multiple layers of steel fibres.  The reinforcement is usually made of wire mesh which is usually made of 0.8 to 1.0 mm dia steel wires at 5 mm to 50 mm spacing.  The skeletal steel may be placed 300 mm apart to serve as a spacer rod to the mesh reinforcement.  The thickness of ferro-cement is kept between 10 to 40 mm, with a clear cover of 2 mm for the reinforcement.  The special feature of the ferro-cement is the absence of form-work during construction. 

Ferro-cement is suitable for low-cost roofing, pre-cast units, man-hole covers etc.  It can be used for the construction of domes, vaults, shells, grid surfaces and folded plates.  It is a good substitute for timber.  It can be used for making furniture, doors and window frames, shutters and partitions.  It can also be used for making water tanks, boats and silos. 
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Review Questions

1. List some of the alternative building materials. 

2. Describe briefly alternative building materials. Why are these needed? 

3. What is ferro-cement? Why do you list ferro-cement as an alternative materials? State its properties and uses. 

4. Explain the properties and uses of stabilized mud blocks. 

5. Explain, in brief, the properties of hollow concrete blocks.  What are the advantages of hollow concrete blocks? 
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Composite Materials 

[image: image34]
Composites are combinations of two more separate materials on a microscopic level, in a controlled manner to give desired properties.  The properties of a composite will be different from those of the constituents in isolation.  

When two materials are combined together to form a composite, one of the materials will be in “Reinforcing phase” and the other material will be in “Matrix phase”.  Typically, reinforcing material in the form of fibres, sheets or particles are strong with low densities while the matrix is usually a ductile or tough material. 

Eg.: 
Glass 


( 
Reinforcing material 


Polyester 

( 
Matrix material 


Glass + Polyester 
( 
GRP (Glass fibre reinforced plastic)

Classification

Composites can be broadly classified in to two groups.  They are, 

1. Natural composites

2. Man-made composites 

Several natural materials can be grouped under natural composites. 

Eg.: Bone, Wood etc.,


Man-made composites are produced by combining two or more materials in definite proportions under controlled conditions.  

Eg.: 


1. Mud mixed straw to produce stronger mud mortar and bricks.  

2. Ferro-cement 

3. Concrete and RCC

4. Plywood, Chipboards, Decorative laminates 

5. Asbestos Cement Sheets 

6. Reinforced Glass 

7. Fibre Reinforced Plastic (FRP)

8. Carbon Composites 
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Properties of Composites 

1. Composites posses excellent strength and stiffness 

2.  They are very light materials 

3. They possess high resistance to corrosion, chemicals and other weathering agents. 

4. They can be moulded to any shape and size with required mechanical properties in different directions. 

Disadvantages of composites

1. High production cost

2. Difficult to repair

3. Susceptible to damage
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Uses of composite materials 

1. Extensively used in space technology and production of commercial air-planes.

2. Used in the production of sport goods. 

3. Used for general industrial and engineering structures 

4. Used in high speed and fuel efficient transport vehicles 
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Applications in the field of Civil Engineering


Composites are extensively used in the field of Civil Engineering.  Ferro-cement is a good example for composite.  R.C.C. and P.S.C.           (Pre-stressed Cement Concrete) are composites that are widely used for structural components.  Even concrete can be considered as a composite.  Block boards, Batten boards, and Chip boards which are composites are used in light construction works such as doors, windows, furniture and cabinets. Asbestos Cement Sheets are used as roofing material.  Reinforced glass is used for sky-lights and door and window paneling. 


Review Questions

6. What is a composite material?  List a few composite materials commonly used.  

7. What are the desirable properties of composite materials?  

8. List some of the disadvantages of composites. 

9. Explain, in brief, some of the applications of composite materials. 
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Smart Materials 
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They are the materials which have the capability to respond to changes in their condition or the environment to which they are exposed, in a useful and usually repetitive manner.  They are called by other names such as, 

· Intelligent materials, 

· Active materials and 

· Adoptive materials. 

The devises that are made using smart materials are called “Smart Devices”.  Similarly the systems and structures that have incorporated smart materials are called “Smart Systems” and “Smart Structures”.  In other words the complexity increases from smart materials to smart structures.  
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Stimulus Response System
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A smart material or an active material gives an unique output for a well defined input.  The input may be in the form of mechanical stress / strain, electrical / magnetic field or changes in temperature.  Based on input and output, the smart materials are classified as follows.  
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1. Shape Memory Alloys (SMAs) 
They are the smart materials which have the ability to return to some previously defined shape or size when subjected to appropriate thermal changes. 

Eg.: Titanium-Nickel Alloys. 

2. Magnetostrictive Materials 
They are the smart materials which have the ability to undergo deformation when subjected to magnetic field.  

Eg.: Terfenol-D, (Alloy of Iron and Terbium)

3. Piezoelectric Materials 

These are the materials which have capability to produce a voltage when surface strain is introduced.  Conversely, the material undergo deformation (stress) when an electric field is applied across it. 

4. Electrorheological Fluids
They are the colloidal suspensions that undergo changes in viscosity when subjected to an electric field.  Such fluids are highly sensitive and respond instantaneously to any change in the applied electric field. 
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Applications 

1. Smart materials are used in aircrafts and spacecrafts to control vibrations and excessive deflections. 

2. Smart concrete is used in smart structures.  Smart concrete (a composite of carbon fibres and concrete) is capable of sensing minute structural cracks / flaws. 

3. Smart materials have good potential to be used in health care markets.  Active control drug delivery devices such as Insulin Pump is a possibility. 

4. Smart materials have applications in the design of smart buildings and state of art vehicles.  Smart materials are used for vibration control, noise mitigation, safety and performance. 


 

Review Questions

10. What are smart materials?  

11. Differentiate smart materials from conventional engineering materials. 

12. Describe the basis for classification of smart materials. 

13. Explain, some of the applications of smart materials. 
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4.1 Introduction :
Mechanics is a science that describes and predicts the conditions of rest or motion of bodies under the action of forces. Mechanics can be broadly classified as mechanics of solids and mechanics of fluids. Further divisions of these tow methods of mechanics are shown in Fig. 1
Engineering mechanics deals with mechanics of rigid bodies which is further classified as static and dynamics. Static treats the equilibrium of stationary bodies under the influence of various kinds of forces. Dynamics, on the other hand, includes the motion of bodies and forces that causes it. Study of motion of bodies without considering force causing the motion is called Kinematics. On the other hand study of motion of bodies considering the force causing the motion is called Kinetics.

4.2 Concepts of force and force systems:
4.2.1 Force: Force is the action exerted by one body upon another. Force tends to change the state of rest or motion of a body to which it is applied. Gravitational force, Push or Pull are the examples of force (See Fig.2)

A force is characterized by its points of application, magnitude and direction. A force is represented by vector. Mass is the property of the body which measures the resistance of the body to a change of motion. It is the property of the body with reference to bpth gravitational attraction and to mechanicaldisturbance.
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4.2.2 System of Forces: 

When number of forces act simultaneously on a body, they are called the system of forces. Depending upon the orientation of the forces acting on a body, the system of forces is classified as i) Coplanar force system and ii) Non-coplanar force system.  Coplanar force system consists of a set of forces with their lines of action lying in the same plane. Non-coplanar force system consists of a set of forces whose lines of action do not lie in the same plane. Further classifications are indicated in Fig.3 and Fig. 4. 
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4.3 Basic idealization of mechanics (Concept of Rigid and deformable bodies):

In mechanics, the physical phenomena can be represented mathematically using idealization concept in order to create simplified basic models.  Any body in nature is a collective of molecules.  As first step of idealization this body is idealized as a continuum ie., voids in the body are neglected.  The body is then idealized as a rigid body. In rigid body the distance between any two particles remains constant.  Further the body is idealized as particle, where a particle is a very small amount of matter. This may be assumed to occupy a single point in space. Idealisation of a steel ball is shown in Fig.5. Figure 6 shows deformable and rigid body.







4.4 Basic Principles of Mechanics:

Study of engineering mechanics rests on several fundamental principles based on experimental evidence.

4.4.1 Newton’s Fundamental Laws

a) First Law: Body remains at rest or continues to move in a straight line with a uniform motion until an external force acts on it.

b) Second Law: The time rate of change of the linear momentum of a particle is proportional to unbalanced force acting on it ie., F= m . a where, F= resultant force, m= mass of the particle, a = acceleration of the particle.

c) Third Law: To every action is an equal and opposite reaction. 
4.4.2 Newton’s Law of Gravitation

Two particle of mass M and m are mutually attracted with equal and opposite force F and –F of magnitude 
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where,



F= Mutual force of attraction



G= Universal gravitational constant



r = distance between two particles.

The force F exerted by the earth on the particle is then defined as the weight W of the particle.  Taking M equal to mass of earth, m as that of particle and r equal to R of the earth and using the constant 
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, the magnitude W of weight of particle of mass m is expressed as W = mg ----(2).  For most of engineering problems g is assumed as 
9.81 m/ sec2 . 

4.4.3 Parallelogram law for the addition of forces

Two forces acting on a particle can be replaced by a resultant force which is the diagonal of parallelogram that has sides equal to the two given forces (Fig.7)





4.4.4 Principles of transmissibility

External effect of a force on a rigid body is the same for all points of application along its line of action. Consider a bus shown in Fig8. Motion of this bus is same whether it is pulled at A or pushed at B 
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4.4.5 Units of Measurements: 

Unit is the numerical standard used to measure the qualitative dimension of a physical quantity.  Four fundamental concepts of mechanics are length, time mass and force.  To satisfy Newton’s second law of motion (ie., F = m . a), three of the basic units may be defined arbitrarily and referred to as base units.  Fourth unit is the derived unit. The system of unit based on length, time and force is called Gravitational System and that based on length, time and mass is called as Absolute System.
International system of units (SI) is a form of absolute system of unit. In this the units of length, mass and time are metre(m), kilogram (Kg) and seconds (s).  The unit of force is derived unit called Newton (N). and is defined as the force which give an acceleration of 1 m/s2 to a mass of 1 Kg weight of a body or force of gravity exerted on that body, should like any other force be expressed in Newton. Weight of a body of mass 1 Kg is 9.81 N (W= m x g= 1 x 9.81=9.81). Some of prefix used in SI units are:

	1.
	T (Tetra)
	1 x 1012

	2.
	G (Giga)
	1 x 109

	3.
	M (Mega)
	1 x 106

	4.
	K (Kilo)
	1 x  103

	5.
	h (hecto)
	1 x  102

	6.
	c (centi)
	1 x 10-1

	7.
	m (mili)
	1 x 10-3

	8.
	( (micro)
	1 x 10-6

	9.
	n (nano)
	1 x 10-9



Review Questions: 

13. Explain the branches of mechanics

14. Define a) Continuum b) Rigid body and c) Particle

15. Distinguish between rigid body and deformable body

16. Explain the characteristics of force to be specified to define a force completely.

17. Define the following system of forces with an example observed in real practice
a) Coplanar concurrent forces b) Non coplanar concurrent forces c) Non coplanar non current forces.

18. Define principle of transmissibility of forces and explain its limitation.

19. State the fundamental principles of Mechanics.
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4.6 Equilibrium of Concurrent force systems:

A body is said to be under equilibrium, under external forces, when it continues to be at rest or under motion. For a body to be under equilibrium, the resultant of force system should be zero. If a resultant exists, then the resultant of force system should be zero. If a resultant exists, then the body can be under equilibrium by applying a force of equal magnitude and opposite. This force is called as equilibrant. For equilibrium  
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. To satisfy this condition sum of the components along both directions taken separately should be zero, ie., (Fx=0 and (Fy=0

4.6.1. Lami’s Theorem:
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Fig 21 Lami's Theorem


Statement: If a body is in equilibrium under action of three forces, each force is proportional to the sine of the angle between the other two forces.  Referring to Fig. 21

P ( sin (; Q ( sin (; R ( sin (; or 
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Note: In the above equation all the three forces are considered to be of similar nature, ie., either all are acting away (Tensile) or acting towards the point (Compressive). If any of the force is unlike, then that force is considered as negative.

Proof: Applying sine rule to the triangle ABC in Fig.21, the following expression is evaluated
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4.6.2. Free Body Diagram (FBD):
In practice the problem is derived from actual physical situation. A sketch showing the physical condition of the problem is known as space diagram.  In order to obtain solution for this problem, the body under consideration and all the forces acting on the body is considered. Free body diagram is a sketch of isolated body which shows the external forces on the body and the reactions exerted on it by the removed elements. Some examples of writing free body diagram is shown in Fig. 22
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Problem No.6:

A sphere of weight 100 N is tied to a smooth wall by a string as shown in Fig 23. Find the tension T in the string and reaction of the wall.
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Solution:  Free body diagram of the sphere is shown in Fig.23 along with force diagram. Solution is obtained by applying Lami’s theorem
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 Considering two terms at a time the unknowns are computed
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Problem No.7:

A spherical ball of weight 75 N is attached to a string and is suspended from the ceiling as shown in Fig. 24a. Find the tension in the string, if a horizontal F is applied to the ball as shown in Fig. 24b. Determine the angle the string makes with the vertical and also the tension in the string if F=150 N
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Solution: 

i) When the ball is hanging from the ceiling (Fig24a), the tension in the string is equal to the weight of the ball ie., T=W=75 N.

ii) Free body diagram of ball is shown in Fig. 24d when a horizontal force F is applied. Magnitude of tensile force and inclination ( of string  with vertical can be computed using the method of components and equilibrium condition.


+ve (Fx =0; -T sin( + 150 =0

--(1)

+ve(Fy =0; T cos( - 75 =0

--(2)

Equations (1) and (2) can be simplified as T sin( = 150; 
T cos ( = 75

Dividing first equation by the second equation;
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 Substituting value of ( in (1) the value of T is computed as T=167.7N

Alternatively, using Lami’s theorem, the solution can also be obtained as
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T sin(90+() =75 or T cos( = 75  and T sin(180-() = 150 or T sin ( = 150

These two equations are similar to eautions (2) and (1) and hence the solution leads to the same result ie ( = 63.43( and T = 167.7 N

Problem No.8:

Determine the reactions at contact points for the system shown in Fig. 25a.
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Solution: The free body diagram of ball 1 and 2 is shown in Fig. 25c and Fig. 25d. From triangle ABC the inclination of AB with AC (() , is computed as  
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 , where AC= 90-20-30 = 40mm. and 
AB = 50 mm. (( = 36.87(
Equations of equilibrium is applied to Free Body Diagram of Ball1 as

+ve (Fx =0; RR –RQ cos( =0

--(1)

+ve(Fy =0; RS-100- RQ sin(  =0

--(2)

Equations of equilibrium is also applied to Free Body Diagram of Ball2 as

+ve (Fx =0; RQ cos( - RP =0

--(3)

+ve(Fy =0; RQ sin(-300=0

--(4)

From equation (4) 
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 substituting this in equation (3), the value of RD is computed as RP = 500 cos 36.87 = 400 N

Substituting the value of RQ in (1) and (2);

RR = 500 cos36.87 = 400 N; 

RS = 100+ 500 sin 36.87 =400 N

Problem No 9:

Two identical cylinders each weighing 2kN are supported by vertical and inclined plane ash shown in Fig. 26 a. Assuming smooth surfaces determine the reactions at A, B and C
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Free body diagram of cylinder 1 and ball 2 is shown in Fig 26 b) and 26 c). The solution is obtained by considering first the free body diagram of cylinder 2. Lami’s theorem is applied on this as there are three forces in equilibrium
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Lami’s theorem cannot be applied on the free body diagram of cylinder 1, as there are four forces acting on this cylinder.  Hence the solution is obtained using the method of components and equilibrium condition.

+ve (Fx =0; RC-RBcos60-RDcos30 =0

--(1)

+ve(Fy =0; -2+RBsin60-RDsin30 =0

--(2)

Substituting value of RD in (2) , the magnitude of RB is computed as

RB = (2 + 1 sin30)/sin60 = 2.88 kN

Magnitude of RC is computed by substituting RD and RB in(1)

RC= 2.88 cos60+ 1 cos30 =2.31 kN

Problem No 10:
A 3 kN is to be supported by the rope and pulley arrangement shown in Fig.27. Determine the magnitude and direction the the F, which should be exerted at the free end of the rope.
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Solution:  In this problem, the size of pulley is ignored. The force F and its inclination ( is computed  by applying Lami’s theorem to the free body diagram shown in Fig. 27.
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Considering the first two terms, the value of ( is computed as

2F sin163.74 = F cos ( (( = 55.94(
Substituting this value in the second and third term:
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Problem No 11:
Five guy wires tied at a point and are pulled in radial directions, equally spaced from one another.  If the magnitude of pulls on three consecutive wires is 50 kN, 70 kN and 60 kN determine the magnitude of pulls on two other wires.

Solution: The forces in guy wires taken in the order is shown in Fig. 25. 
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 The given force system is in equilibrium. The equations of equilibrium is applied to find T1 and T2.

 +ve (Fx =0; 50+70cos72-60cos36-T1cos36+T2cos72 =0
--(1)

+ve(Fy =0; 70sin72+60sin36-T1sin36-T2sin72 =0

--(2)

They are simplified as

0.81T1-0.31T2=23.09-----(1a)

0.59T1+0.95T2=101.84---(2a)

Solving (1a) and (2a); T1=56.18 kN and T2=72.31 kN 

Problem No 12:
A string AB, BC and CD are attached to two fixed point A and D. They have equal weights of 1kN knotted to it at B and C as shown in Fig. 29. Find the tension in the portion AB, BC and CD of the strings, also find the inclination of BC with vertical. 
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Solution: Let TAB, TBC and TCD be the tensile forces in the string AB, BC and CD respectively.

The forces acting at B and C is shown in Fig. 30
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Lami’s theorem is applied on the free body diagram at B and C.
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Following expressions are obtained after simplifying equation (1)
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Value of ( is obtained by equating (4) and (5) 

( ( = 59.95( The force is strings are obtained by substituting this value in (3), (4) and (6)

TAB=1.73 kN; TBC= 1 kN and TCD = 1 kN


Review Questions: 

20. Define Equilibrium and Free body diagram.

21. State and explain Lami’s Theorem. 

22. What are the conditions of equilibrium?

23. Draw free-body diagram of sphere A, sphere B and sphere A and B of Fig 31.
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24. Five forces act on a gusset plate (shown in Fig 32). Find the force F and the angle ( for which the plate will be in equilibrium(F=141.42N, (=60()
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25. A circular disk of weight W is pulled by a horizontal force T to overcome a horizontal square hump of height h, as shown in Fig. 33. Find the force T, given that h=¼d, and d is the diameter of the disk. Consider three forces in equilibrium. (T=0.57W)
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26. Two cylinders A and B rest in a channel as shown in Fig. 34. Cylinder A has a diameter of 100 mm and weighs 200 N and cylinder B has a diameter of 180 mm and weighs 500 N. The channel is 180 mm wide at the bottom and one side is vertical and the other side is inclined at 120( as shown in Fig. 34. Determine the reactions at the contact points.
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27. A string ABCD attached to two fixed points A and D has two equal weights of 500 N attached to it at B and C.  The weights rest with portions AB and CD inclined at angles of 30( and 60( respectively to the vertical as shown in Fig. 35. Find the tension in the portions AB, CD and AC of the string. (TBA=866 N, TBC=500 N, TCD=500 N)
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28. AD is a string hung from a horizontal ceiling at A and D. weight of 75 N is hung from point B. Determine the magnitude of weight that should be hung from point C such that the portion BC of the string is horizontal. Horizontal distance between AB is 0. 6m and  that between CD is 0.35 m. Vertical distance of AB and CD is 0.6 m. Also calculate the tension in various portions AB, BC and CD of the string.  
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Basic Concepts in Surveying
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Surveying is the art of determining the relative positions of points on, above or beneath the surface of the earth by means of direct or indirect measurements of distance, direction and elevation. 


Levelling is a branch of surveying the object of which is, 

i) to find the elevations of points with respect to a given or assumed datum, and 

ii) to establish points at a given elevation or at different elevations with respect to a given or assumed datum. 

In general, surveying deals with measurements in an horizontal plane where as levelling deals with measurements in a vertical plane. 

Primary Divisions of Survey
The two primary divisions of survey are,

i) Plane surveying

ii) Geodetic surveying
Plane Surveying
It is that type of surveying in which the mean surface of the earth is considered as a plane and the spheroidal shape is neglected.  All triangles formed by survey lines are considered as plane triangles.  The level line is considered as straight and plumb lines are considered parallel.  In other words, when small areas are to be surveyed, the curvature of the earth’s surface is ignored and such a surveying is called plane surveying. 

Geodetic Surveying

It is that type of surveying in which the curved shape of the earth is taken in to account.  The object of geodetic survey is to determine the precise position on the surface of the earth, of a system of widely distant points which form control stations in which surveys of less precision may be referred. 

Classification

Surveys may be classified based on the nature of the field of survey, object of survey and instruments used. Some of the important surveys are, 

1. Topographical surveys

They are carried out determine the position of natural features of a region such as rivers, streams, hills etc. and artificial features such as roads and canals.  The purpose of such surveys is to prepare maps and such maps of are called topo-sheets. 

2. Hydrographic Survey
Hydro-graphic survey is carried out to determine M.S.L. (Mean Sea Level), water spread area, depth of water bodies, velocity of flow in streams, cross-section area of flow etc. 

3. Astronomical Survey
The Astronomical Survey is carried out to determine the absolute location of any point on the surface of earth.  The survey consists of making observations to heavenly bodies such as stars. 

4. Engineering Survey

This type of survey is undertaken whenever sufficient data is to be collected for the purpose of planning and designing engineering works such as roads, bridges and reservoirs. 

5. Archeological Survey
This type of survey is carried out to gather information about sites that are important from archeological considerations and for unearthing relics of antiquity. 

6. Photographic survey
In this type of survey, information is collected by taking photographs from selected points using a camera. 

7. Aerial Survey

In this type of survey data about large tracks of land is collected by taking photographs from an aero-plane. 

8. Reconnaissance Survey

In this type of survey, data is collected by marking physical observation and some measurements using simple survey instruments. 

Principles of Surveying


The fundamental principle upon which the various methods of plane surveying are based can be stated under the following two aspects. 

1. Location of a point by measurement from two points of reference. 

According to this principle, the relative position of a point to be surveyed should be located by measurement from at least two points of reference, the positions of which have already been fixed. 
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If P and Q are the two reference points on the ground, any other point, such as R, can be located by any of the direct methods shown in the above figures.  But, although a single method is sufficient to locate the relative position of ‘R’ with respect to reference points P and Q, it is necessary to adopt at least any two methods to fix the position of point ‘R’.  While the measurements made in the either of the first method or second method will be helpful in locating the point ‘R’, the measurements made in the other method will act as a check. 

2. Working from whole to part
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According to this principle, it is always desirable to carryout survey work from whole to part.  This means, when an area is to be surveyed, first a system of control points is to be established covering the whole area with very high precision.  Then minor details are located by less precise methods. 


The idea of working this way is to prevent the accumulation of errors and to control and localize minor errors which, otherwise, would expand to greater magnitudes if the reverse process is followed, thus making the work uncontrolled at the end. 





Review Questions

14. Discuss in brief, the principles of surveying.

15. Differentiate clearly between plane and geodetic surveying. 

16. Explain in brief,

i. Reconnaissance survey. 

ii. Aerial survey. 

iii. Topographical survey.

iv. Engineering survey. 

17.  Differentiate between, 

i. Photographic survey and Aerial survey. 

ii. Astronomical survey and Archeological survey.
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Session – 2
Modern Surveying Instruments
 
In conventional surveying, chain and tape are used for making linear measurements while compass and ordinary theodolites are used for making angular measurements.  Levelling work is carried out using a Dumpy level and a levelling staff. With such surveying instruments, survey work will be slow and tedious. 


Hence modern surveying instruments are becoming more popular and they are gradually replacing old surveying instruments such as compass and Dumpy level. With modern surveying instruments, survey work will be precise, faster and less tedious. Some of the modern surveying instruments are discussed in brief, in the following pages. 

1. Electronic Distance Measurement (EDM) Instruments

Direct measurement of distances and their directions can be obtained by using electronic instruments that rely on propagation, reflection and reception of either light waves or radio waves. They may be broadly classified in to three types: 

a) Infrared wave instruments. 

b) Light wave instruments.

c) Micro wave instruments.

a) Infrared wave instruments 

These instruments measure distances by using amplitude modulated infrared waves.  At the end of the line, prisms mounted on target are used to reflect the waves.  These instruments are light and economical and can be mounted on theodolites for angular measurements.  The range of such an instrument will be 3 km and the accuracy achieved is ± 10 mm. 

Eg. DISTOMAT DI 1000 and DISTOMAT DI 5 
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DISTOMAT DI 1000


It is a very small, compact EDM, particularly useful in building construction and other Civil Engineering works, where distance measurements are less than 500 m.  It is an EDM that makes the meaning tape redundant.  To measure the distance, one has to simply point the instrument to the reflector, touch a key and read the result. 

b) Light wave instruments

These are the instruments which measures distances based on propagation of modulated light waves.  The accuracy of such an instrument varies from 0.5 to 5 mm / km distance and has a range of nearly 3 km. 

Eg: Geodimeter 
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Geodimeter


This instrument which works based on the propagation of modulated light waves, was developed by E. Bergestand of the Swedish Geographical Survey in collaboration with the manufacturer M/s AGA of Swedish.  The instrument is more suitable for night time observations and requires a prism system at the end of the line for reflecting the waves. 

c) Microwave instruments 

These instruments make use of high frequency radio waves.  Thee instruments were invented as early as 1950 in South Africa by Dr. T.L. Wadley.  The range of these instruments is up to 100 km and can be used both during day and might. 

Eg. Tellurometer 
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Tellurometer


It is an EDM which uses high frequency radio waves (micro-waves) for measuring distances.  It is an highly portable instrument and can be worked with 12 to 24 volt battery. For measuring distance, two Tellurometers are required, one to be stationed at each end of the line, with two highly skilled persons, to take observations. One instrument is used as a master unit and the other as a remote unit. Just by pressing a button a master can be converted in to remote unit and vice-versa.  A speech facility (communication facility) is provided to each operator to interact during measurement. 

Total station 


It is a light weight, compact and fully integrated electronic instrument combining the capability of an EDM and an angular measuring instrument such as wild theodolite.  It can perform the following functions. 

· Distance measurement

· Angular measurement

· Data processing

· Digital display of point details

· Storing data is an electronic field book
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The important features of total station are,  

1. Key-board-control (all the functions are controlled by operating key board.

2. Digital panel ( the panel displays the values of distance, angle, height and the co-ordinates of the observed point, where the reflector (target) is kept.

3. Remote height object ( the heights of some inaccessible objects such as towers can be read directly.  The micro-processor provided in the instrument applies the correction for earth’s curvature and mean refraction, automatically.

4. Traversing program ( the co-ordinates of the reflector and the angle or bearing on the reflector can be stored and can be recalled for next set up of instrument.  

5. Setting out for distance, direction and height (whenever a particular direction and horizontal distance is to be entered for the purpose of locating the point on the ground using a target, then the instrument displays the angle through which the theodolite has to be turned and the distance by which the reflector should move.

Global Positioning System

This system is developed by U.S. Defense department and is called Navigational System with Time and Ranging Global Positioning System (NAVSTAR GPS) or simply GPS.  For this purpose U.S. Air Force has stationed 24 satellites at an attitude of 20200 km above the earth’s surface.  The satellites have been positioned in such a way, at least four satellites will be visible from any point on earth. 
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The user needs a GPS receiver to locate the position of any point on ground.  The receive processes the signals received from the satellite and compute the position (latitude and longitude) and elevation of a point with reference to datum. 
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Automatic level 


An automatic level is a special surveying (levelling) instrument which contains an optical compensator which maintains line of sight or line of collimation even though instrument is slightly tilled. 

Eg:  Wild NAK2 Automatic level 
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Review Questions

18. What are EDMs?  Explain in brief, their functions and uses.  

19. What is a Total Station?  Explain its utilities. 

20. What are the salient features of a Total Station?

21. What is meant by GPS? Explain in brief, the principle on which it works. List its various uses. 
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Concepts of GIS

GIS (Geographic Information System) consists of a set of computerized tools and procedures that can be used to effectively encode, store, retrieve, overlay, correlate, manipulate, analyse, query, display and disseminate land-related information. 


The main factor which separates GIS from other information storage and retrieval systems is the spatial and specific locational features given in a co-ordinate form, for reference and use as an important variable in quantitative analysis.  ‘The spatial data is generally in the form of maps, which could be showing topography, geology, soil types, forest and vegetation, land use / land cover, water resources availability etc. and stored as layers in the digital form in the computer. 
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Besides spatial data, one could also have attribute data like statistics, texts and tables.  New maps can be easily generated by integrating many layers of data in a computer.  Thus, a GIS has a database of multiple information layers that can be manipulated or analysed to evaluate relationships among the selected elements, from all that is available. 


GIS can be looked as an integrating technology and a valuable tool for wide range of applications both in the public and private enterprises for storing events, explaining events, analyzing and predicting results and planning the strategies for making decisions before hand. 
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GIS Software and its functions


The software for a GIS consists of 

· Data input and verification 

· Data storage and database management 
· Data output and data transformation.  
The input data can be from existing maps, detailed observations, satellite or aerial photography transformed into computer compatible digital format using digitizers, scanners etc.,


Once the data is transformed into the computer, this data has to be stored to create a permanent data base for further data analysis and manipulation.  The computer program that is employed to organize the database is commonly known as DBMS (Data Base Management System).  The analysed and manipulated result of the data has to be displayed or presented to the user in a user specified format for decision making purpose.  The data may be presented as maps, tables and figures on the screen or recorded on magnetic media in digital format or as hard copy output using the printer or plotter.  

GIS Applications


GIS is an effective tool for the application and monitoring the infrastructure of a town / city or a region.  In addition, GIS is helping in the following applications.  

1. Project planning: 

It is helpful for detailed planning of a project having large spatial components.

2. Proper Decision:

GIS is capable of making automatic decisions based on study and analysis of data, made available to it. 

3. Generates map: 

GIS generates maps from the data available from data bases.  Hence, GIS is also referred as “Mapping Software”.  
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4. Organisational integration:

GIS helps in utilizing the data resources available to its maximum. The data available can be shared by different departments there by enhancing productivity and organizational efficiency. 

5. Valuable tool: 

GIS is a valuable tool in depicting calculations on volume of soil erosion due to floods and land slides, earth work quantities for engineering projects etc. 

 

Review Questions

22. Explain the concept of GIS.  

23. Explain the typical features of GIS. 

24. What are the factors contributing the development of GIS? 

25. What are the functional abilities of GIS? Explain them briefly. 
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Remote Sensing and their applications




‘Remote Sensing’ can be defined as obtaining information about an object by observing it from a distance and without coming into actual contact with it.  

Eg: Eye sight, Photos taken from a camera.


In general, the word remote sensing is used for data collection from artificial satellites orbiting the earth and processing such data to make useful decisions.  Hence, remote sensing can also be defined as the science and art of collecting information about an object, area or phenomenon from a far-off place without coming in contact with it.  
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The satellite remote sensing system consists of, 

· Space segment

· Sensor system

· Ground segment. 
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Space Segment


The space segment consists of the satellites orbiting the earth at a very high attitude.  

Eg: IRS-1A is launched to an attitude of 904 km and orbits the earth in North-South direction. 

Sensor system

Sensors are instruments which sense the objects on the surface of the earth and records them.  The sensors mounted on satellites (called scanners) scans the objects on the surface of the earth.  A set of consecutive scan lines forms an image, which is sent back to the earth receiving stations called ground segments. 

Ground Segment


They are the stations put up on the ground surface to receive the signals sent from remote sensing satellites.  The signals received from the satellites are converted to images and stored in digital format.  The images are to be processed to retrieve useful information.  This process is called Image Processing.  
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The light energy (Electro Magnetic Waves) falling on the ground surface is partly, 

· Absorbed, 

· Scattered,

· Transmitted, 

· Reflected. 

Since, different objects on the ground have different properties of absorbing, scattering, transmitting and reflecting the energy, the images formed due to reflected energy waves will be different for different objects.  Hence, a correlation is made between the images developed and the corresponding objects on the ground (Ground Truth).  Thereafter, such information is used to interpret the images directly for making useful decisions.  

Remote Sensing Applications 
1. Weather forecasting:

Remote sensing is extensively used in India for weather forecasting.  It is also used to warn people about impending cyclones. 

2. Environmental Study

It can be used to study deforestation, degradation of fertile lands, pollution in atmosphere, desertification, eutrophication of large water bodies and oil spillage from oil tankers.  

3. Natural hazards study

Remote sensing can be used to study damages caused by earthquakes, volcanoes, land slides, floods and melting of ice in polar regions. Many times remote sensing will be helpful to predict the occurrence of natural hazards. 

4. Resource exploration

Remote sensing data is helpful for updating existing geological maps, rapid preparation of lineament and tectonic maps, identifying the sites for quarrying the minerals and helpful in locating fossil fuel deposits.  

5. Land use mapping 

Remote sensing data is useful in obtaining up-to-date land use pattern of large areas at any given time and also monitor changes that occur from time to time.  This information is used by regional planners and administrators to frame policy matters for all round development of the region. 

 

Review Questions
27. What is remote sensing? What are its features? 

28. What is the principle of remote sensing? 

29. What are the advantages and disadvantages of remote sensing? 

30. Explain some of the applications of the remote sensing? 
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Chapter 4 Introduction to Engineering Mechanics

Session4:

4.7 Resultant of Non concurrent force systems:

The non concurrent force system acting on a body tends to translate and rotate the rigid body. The turning effect of a force is called moment. In this section computation of resultant of non concurrent forces considering the turning effect has been discussed

4.7.1. Moment of a Force:
A force applied on a body can create i) a tendency to translate and /or ii) tendency to rotate about an axis or a point.  The effect of a force on a body to rotate it about a fixed point is called Moment. Moment is measured as the product of force and distance between point of rotation and line of action of force.  The point of rotation is called as Moment Centre and distance between point of rotation and line of action measured perpendicular to the force is called as Arm of force or Lever Arm.

For example the force applied by a wrench to a nut can rotate the nut (Fig. 36). Similarly the force applied at a door (to open or close) allows it to rotate on its hinge.(Fig.36).
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4.7.2. Theorem of moments (Varignon’s Theorem):
Statement: The algebraic sum of the moments of a system of coplanar forces about a moment centre in their plane is equal to the moment of their resultant force about the same moment centre.

Proof: 

Forces P1, P2, P3 … etc are the concurrent forces acting at A and R is the resultant of the system as shown in Fig. 37. O is the moment centre located at a distance d from A
. The vector summation of the force system gives the resultant. 
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 The moment of the resultant about o is 
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Hence the above equation shows that the moment of the resultant about o is equal to algebraic sum of the moments of the individual forces.
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4.7.3. Couple:

Two parallel forces equal in magnitude and opposite in direction and separated by a definite distance are said to form couple. Sum of the forces forming a couple in any direction is zero.
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Magnitude of the couple is equal to the product of the force and the distance between the parallel forces. M= P x d.

4.7.4.Resolution of a force into a force and a couple:

A force P acting at a point A on a body can be resolved into a force and a couple at any other point B as shown in Fig. 39
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Equal and opposite force of magnitude P is applied at B and this does not change the equilibrium of the body. The downward force P at A and upward force P at B constitute a couple M = P x d at B. Therefore a force P at A is replace by the same force P and a couple M at B.

4.754.Resultant of the force system::

Consider a system of forces P1, P2, P3, … etc., acting on a rigid body at the points A1, A2, A3, etc., located at a distance d1, d2, d3 …. etc., as shown in Fig. 40.
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Each force is replaced by a force of same magnitude, direction and a couple perpendicular to the force at ‘O’. Forces P1, P2, P3…etc acting at A1, A2, A3 ….etc., respectively are replaced by respective force and corresponding couple as shown in Fig. 40. At ‘O’ the forces are replaced by the resultant R and net couple (Mo. Further this couple (Mo and resultant R at O can be reduced to a single force R at the point B such that (Mo=R x d. Therefore, 
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, Rx=(Fx and Ry=(Fy. The x and y intercept of the resultant on x and y axes is computed using theorem of moments as 
[image: image122.wmf]y

o

R

M

x

=

-

 and 
[image: image123.wmf]x

o

R

M

y

=

-

.

Problem No 13:
A 200 N force acts on the bracket as shown in Fig41. Determine the moment of the force about point A.


[image: image124.wmf]
Solution: Moment about A =MA= Force x perpendicular distance
 =200 x CB (     )

From triangle BCD CB= DB x cos 45( = 70.71 mm

MA= 200 x 70.71 = 14142 N-mm = 14.142 N-m

Alternatively:
The force at B is resolved into x and y components and the moment about A is computed using Varignon’s theorem

+veMA=200 cos 45( x 100 – 200 sin 45( x 200 = -14142 N-mm 
= -14.142 N-m (    )

Problem No 14:
Find the moment of all the forces about i) A and ii) P shown in Fig. 42

[image: image125.wmf]
Solution: The moment about A and P of all the forces are computed by considering clockwise moment as positive.

MA=30 x 7.5 +60 x 6.25 + 90 x 3.75 + 90 x 0-100 x 7.75 +80 x 0 
= 162.5 kN-m (     )

MP= 30 x 5+60 x 2.5 +90 x 1.25 +90 x 2.5-100 x 4 – 80 x 3.75 
= -62.5 kN-m (     )

Problem No 15:
ABCD is a square whose sides are 1m. Forces of magnitude 20N, 40 N, 160 N and 100N act along AB, BC, CD and DA. The forces 100(2 and 40(2 acts along the diagonals AC and DB.  Determine the resultant of the force system.


[image: image126.wmf]40Ö2N
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Solution: The magnitude of resultant is computed using method of components. Sum of the forces along x and y axis is computed as:

+ve (Fx = 20+40(2 cos 45
 +100(2 cos 45-160 =0 

+ve(Fy =
100+40(2sin45-100(2sin45-40=0

The resultant is zero as summation of both the components are zero.


Problem No 16:
ABCD is a square each side being 200 mm. E is the middle point of AB. Forces of 105, 120, 180, 75, 13.5 and 90 N act on a body in the lines of direction AB, EC, BC, BD CA and DE respectively. Find the magnitude, direction and position with respect to BC of the resultant force of the system

Solution: 


[image: image127.wmf]120N

90N


+ve (Fx = -135 cos 45+90 cos 63.43-105+120cos63.43-75 cos 45
        =-159.56N 

+ve(Fy =
135 sin45+90 sin63.43-120cos63.43+180-75sin45 
            = 249.25N
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The horizontal distance of resultant from BC is computed using theorem of moments, ie., 
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Here, Mc= 105 x 200-75 sin45 x 200 -135 cos45 x 200 +135 sin45 x 200 + 90 cos 63.43 x 200 + 90 sin 63.43 x 100 = 26494.13 N-mm


[image: image131.wmf]mm

29

.

106

25

.

249

13

.

26494

x

 

=

=

\

-

(to the right of BC)
Problem No 17:
Determine the resultant of the three forces acting on the dam shown in Fig.45 and locate its intersection with the base AB. For a good design, this intersection should occur within the middle third of the base.  Comment whether it is a good design or not.


[image: image132.wmf]
Solution:

+ve (Fx 103.5 -62 cos 30=49.8 N 

+ve(Fy =
-246- 62 sin 30 = -277N
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MA= 103.5 x 1.8 +246 x 2.1-62 cos 30 x 2.2 sin60+
62sin60x(5.7-2.2cos60)=847.5 kN-m
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. For safe design the resultant should act within the middle third. For this the position should be in the range of 1.9m and 3.8 m. Hence the given design is safe.
Problem No 18:
Compute the magnitude position and direction of the resultant force of system of forces shown in Fig. 46.

Sol
[image: image137.wmf]O

Fig.46


Solution: 

The forces in this system are parallel and hence the resultant is the algebraic sum of all forces

R= 250+500+300+250 = 1300 N (    )

The position of resultant is obtained from theorem of moments
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; Mo=500 x 0.8+300 x 1.6 +250 x 3 - 300 = 1330 N-m

Note: Here the couple 300 N-m has to be only deducted and should not be multiplied by distance
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Review Questions: 

29. Explain the concept of moment with an example.

30. State and prove Varignon’s Theorem 

31. What is couple? How the moment of a couple is determined?

32. When the forces are applied to a plate as shown in Fig.47. Determine a) moment of all forces about A and  b) moment of all forces about D. 


[image: image140.wmf]
33. A 25 kN force is applied at point A as shown in Fig. 48. Replace this force by a) Force-couple system at B. b) Force-couple system at C.
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34. Determine the magnitude and Y intercept of the resultant force acting on the lamina shown in Fig.49
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35. For the non-concurrent coplanar system shown in Fig.50, determine the magnitude, direction and position of resultant force with respect to A.
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Note for animation:


Show the flow of sewage from community to river along the arrows shown in the figure





Objective: 


In this session the common properties of construction materials along with definitions are presented 








Summary: 


Brick, stone, timber, cement, steel and plastics are the common materials used in constructions.


The most common properties of building materials are grouped into physical properties, mechanical properties, thermal properties, chemical properties, optical properties, acoustical properties, and physio-chemical properties





Objective: 


In this session the properties and uses of traditional materials are presented 








Summary: 


Stones, bricks, timber and concrete are grouped under traditional building materials


Stones are characterised by high crushing strength, high hardness and very high durability. Stones are used as a construction materials for foundations, walls, columns, roofing & flooring material and as aggregate in production of concrete


Bricks are produced by moulding clay in the rectangular blocks. They are economical and reliable building material. Bricks are extensively used as a leading material of construction and at places where stones are not easily available, bricks replace stones.


Timber denotes wood which is suitable for building construction. A good timber is characterised by high strength in bending and shear and capable of resisting shock loads. It is extensively used for making door and window frames, trusses and furniture. It is also used as a material for temporary structures such as scaffolding and temporary bridges.


Mortar is prepared by adding water to mixture of cement and sand. A good mortar possesses high binding strength. It is used as a binding material for masonry constructions.


Concrete is produced by mixing cement, sand gravel and water in definite proportions. It is characterised by high compressive strength and resistance to wear and tear. It is used for mass concrete works in dams and bridges, for making Reinforced Cement Concrete and Prestressed Cement Concrete and other Civil engineering works.


Steel is embedded in concrete whenever tensile stresses are expected in concrete. Such a concrete is called reinforced cement concrete. R.C.C. is used for construction of structural elements such as footings, columns, beams and slabs.





Objective: 


In this session different branches of mechanics, concept of force and force systems, concept of rigid bodies, principles of mechanics and units of measurements are presented. 








KINEMATICS
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IDEAL FLUIDS





VISCOUS FLUIDS





COMPRESSIBLE FLUIDS





STATICS








DYNAMICS








STRENGTH OF MATERIALS








THEORY OF ELASTICITY








THEORY OF PLASTICITY








Fig. 1. Branches of Mechanics
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Instruction for Animation.


Show the car being pushed and pulled by a man. In the first figure the man pushes with the hand and in the next figure the man pulls by tying a rope. Let the arrows be retained along with letter P
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PULL





Instruction for Animation.


Show the ball falling free from a height and retain the arrow along with the equation. Black colour is the floor.





GRAVITATIONAL


FORCE





F= Mg





Fig. 2. Example for Forces.





Force System





Coplanar (Plane)





Non-coplanar (space)
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Fig.3 Classification of Forces





Fig.4  Forces Systems
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Fig. 5. Idealisation of Steel ball





Instruction for Animation.


Show the deformed shape animation for deformable body.
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Fig. 6. 





Q





R





Fig.7
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Instruction for Animation.


Show the movement of bus once by pulling it A and then by pushing from B. The distance moved in these two cases should be same
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Fig.8





Summary: 


Engineering mechanics is a branch of science and deals with study of rigid bodies. Static treats the equilibrium of stationary bodies under the influence of various kinds of forces. Dynamics, on the other hand, includes the motion of bodies and forces that causes it.


Force tends to change the state of rest or motion of a body to which it is applied. Gravitational force, Push or Pull are the examples of force.


Depending upon the orientation of the forces acting on a body, the system of forces is classified as i) Coplanar force system and ii) Non-coplanar force system. In these systems the forces can be collinear, concurrent, parallel or non concurrent and non parallel


The body is idealized as a rigid body. In rigid body the distance between any two particles remains constant.


From Newton’s gravitational law the weight of the body is expressed as W = mg.


Two forces acting on a particle can be replaced by a resultant force which is the diagonal of parallelogram that has sides equal to the two given forces


According to Principle of transmissibility “External effect of a force on a rigid body is the same for all points of application along its line of action.”


Unit is the numerical standard used to measure the qualitative dimension of a physical quantity. The system of unit based on length, time and force is called Gravitational System and that based on length, time and mass is called as Absolute System.


International system of units (SI) is a form of absolute system of unit. In this the units of length, mass and time are metre(m), kilogram (Kg) and seconds (s).





Objectives 


In this session, students are exposed to Alternate Building Materials such as stabilized mud blocks which can be used in place of Traditional Building Materials. 





Summary: 


The demand for traditional building materials is increasing due to increase in construction activities.  It is difficult to meet the demand with out environmental degradation and over-exploitation of natural resources.  Hence, a lot of research is being carried out in India to produce alternate building materials there by reduce the usage of traditional building materials.  In this direction stabilised mud blocks, concrete blocks and ferro-cement are the alternate materials which can substitute for traditional materials.  


	


	Stabilised mud blocks are produced by compacting soil stabilised with ordinary portaland cement in a mud block making machine.  Concrete blocks are produced in the factors and transported to the site for masonry works. Ferro-cement is fast becoming an alternative to wood and is used various purposes. 








Objectives 


In this session, the students are exposed to composites and their applications in the field of Civil Engineering. 





Summary: 


	Composites are strong, durable, light weight engineering materials whose properties are different from the properties of the constituent materials.  They are produced by combining two or more materials at microscopic level under controlled conditions.  Composites posses high tensile and bending strength with high ductility and toughness.  Hence, composites are extensively used in space technology, production of air-planes, sport goods, and in military engineering. Ferro-cement and A.C. sheets are examples of composites widely used in the field of civil engineering. 








Objectives 


In this session, the students are exposed to the concept of smart materials, classification and their applications in the field of engineering. 





Input





Output





Smart Material





Summary: 


Smart materials are those materials which have the capability to respond to changes in their condition or the environment in which they are exposed and produce useful output for a well defined input. This property of the smart material to respond instantaneously for an input to produce an output has made it very popular as a control unit.  A number of devices, systems and structures have been built incorporating smart materials to control vibrations, noise and excessive deflections. Smart materials have applications from health care products to aircrafts and spacecrafts.





Objective: 


In this session conditions for equilibrium and Lami’s Theorem is presented. Solution of some practical problems on this topic is also included.








Fig. 22





Summary: 





In this session, equilibrium of concurrent force systems by method of components and using Lami’s theorem has been presented. The concept of equilibrium and application to engineering problems are demonstrated


Equations of equilibrium are (Fx =0 and (Fy =0


Lami’s theorem states that “if a body is in equilibrium under action of three forces, each force is proportional to the sine of the angle between the other two forces.  � EMBED Equation.3  ���


The forces are resolved along x and y axes. Then the resultant can be computed using the algebraic sum of forces along x and y axes taken separately. Then the resultant is computed as � EMBED Equation.3  ���.





Objectives 


In this session, students learn about principles of surveying, different types of surveying and necessity of surveying. 
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Fig. b
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Summary 


Surveying is the art of determining the relative positions of points on the surface of earth by making linear and angular measurements.  Levelling is carried out determine the elevation of a given point with respect to a datum. The term surveying includes levelling. Surveying is grouped in to plane surveying when curvature of the earth’s surface is ignored and geodetic surveying when the curvature of earth’s surface is considered. 


Surveying is necessary to measure the given areas, to fix boundaries of properties, for estimating earth works and to fix mean sea level. Surveying is absolutely necessary before taking up any engineering work such as roads, bridges, canals, dams, water supply and sewage systems.








Objectives 


In this session, students learn about modern surveying instruments such as EDMs, Total Station and Global Positioning System. 





Summary 


The conventional surveying instruments are being replaced by modern instruments to improve speed and accuracy of survey works. EDMs, Total Station and GPS are becoming very popular and are used extensively for engineering surveys.  EDMs are used for measurement of linear distances using infrared waves or light waves or microwaves.  A Total Station is an electronic instrument used for both linear and angular measurements.  A GPS is used to fix the relative position of a point with reference to a datum.  A GPS can also be used as a surveying instrument when precise measurement are not required. 








Objectives 


In this session, the students learn about the concepts, the functions and the applications of GIS.  The need for necessary computer hardware and GIS software is highlighted. 





Summary 


GIS is the proper organization of hardware and software tools used for mapping and analyzing the geographical features of earth.  Input is given in the form of digitized maps, aerial and ground photos.  A dedicated software (GIS software) is necessary for data input, data processing and data output.  GIS has considerable applications in the field of project planning, decision making and generating maps.  It can also be used as a tool for computing earthwork quantities. 








Objectives 


In this session, the students learn about fundamental concepts of remote sensing and some of its important applications. 





Summary 


Remote sensing is defined as the science and art of collecting information about an object, area or phenomenon from a far off place without coming in contact with it.  In general, the term remote sensing refers to “Satellite Remote Sensing”.  





Satellite remote sensing consists of artificial remote sensing satellites orbiting the earth, sensor system mounted on these satellites and stations on ground to receive the signals from satellites.





Remote sensing data is useful for weather forecasting  and land use planning.  It is also useful to evaluate the damages caused due to the natural hazards such as earthquakes and land slides. The data is also useful for natural resources exploration and study of environmental pollution. 








Objective: 


In this session concept of moment, couple, theorem of moments and resolution of a force into a force and a couple are explained. Computation of resultant using theorem of moments along with application to some engineering problem is also presented in this session.








Instruction for Animation


Show the turning of pipe and nut by turning the wrench. Show the lifting of tree by applying force at the tip of lever





F





‘a’ Lever Arm





M = F x a





Fig. 36
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Instruction for Animation


To illustrate the couple, show a car steering being turned by hands on opposite side.





Summary: 





In this session, the effect of coplanar non concurrent forces on rigid bodies were explained


The moment of a force about a point O is the product of force and distance


Varignon’s theorem states that moment of resultant of a concurrent force system about a point is equal to the algebraic sum of moments of individual forces of the system about the same point.


Two parallel forces which equal in magnitude but opposite in direction form a couple. The moment of a couple is the product of the force and moment arm


The single force may be replaced by a force and a couple system. Similarly a force couple system can be reduced to a single force system of the same magnitude as the given force and parallel to it.
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