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CIVIL ENGINEERING



CE6306 – STRENGTH OF MATERIALS



UNIT I – STRESS, STRAIN AND DEFORMATION OF SOLIDS PART A 1. What is strength of Material? When an external force acts on a body, it undergoes deformation. At the same time the body resists deformation. This resistance by which materials of the body opposes the deformation is known as strength of material. 2. What is Rigid body? A rigid body consists of innumerable particles. If the distance between any two or its particles remains constant, it is known as solid body. 3. What is deformable solids? A body which undergoes deformation due to application of external forces. 4. Define stiffness. The stiffness may be defined as an ability of a material to with stand high load without major deformation. 5. What is stability? Explain It is the over all property of a member made out a material to maintain the overall equilibrium preventing complete collapse. 6. What are the types of stress? i. Tensile stress ii. Compressive stress iii. Shear stress. 78
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7. Define Stress The force of resistance per unit area offered by a body against deformation is known as stress. 8. Define tensile stress? It may be defined as the tensile force per unit area. 9. Define compressive stress? It may be defined as the compressive force per unit area. 10. Define shear stress stress? It may be defined as the shear force per unit area. 11. Define crushing stress? It may be defined as the crushing force per unit area.



12. What is simple stress? When a body is subjected to an external force in one direction only, the stress developed in the body is called simple stress. 13. What is Compound stress? When a body is subjected to an external force more than one direction only, the stress developed in the body is called Compound stress. 14. Define Strain. The ratio of change of dimension of the body to the original dimension is known as strain. 15. What is meant by Poisson’s ratio? It is the ratio between lateral strain and linear strain. 16. What are the three main types of strain? i). Tensile strain ii). Compressive strain iii). Shear strain 17. Define factor of safety. It is the ratio of ultimate tensile stress to the permissible stress. 18. Define lateral strain. 79
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A direct stress is always accompanied by a strain its own direction and the opposite kinds of strain in every direction at right angles to it. Such a strain is known as secondary strain or lateral strain. 19. What is meant by elastic limit? Whenever a system of external forces, causing deformation of a body, is removed the body springs back to its original position. For a given section, there is always a limiting value of force, up to and within which, the deformation entirely disappears on the removal of the force. The intensity of stress, corresponding to the limiting force is called elastic limit. 20. What are the types of elastic constants? There are three types of elastic constants They are, a) Young's Modulus (E), b) Bulk Modulus (K) and c) Shear Modulus(C) 21. Define Bulk modulus (K) The ratio of direct stress to the corresponding volumetric strain is constant within its elastic limit. The ratio is known as Bulk modulus. Bulk modulus (K) = Direct stress/Volumetric strain 22. Define Poisson’s ratio. It is ratio of the lateral strain and longitudinal strain.



23. Define volumetric strain. It is ratio of the change in volume and original volume. 24. State clearly the Hooke’s law. Hooke’s law states, “Whenever a material is loaded within its elastic limit, the stress induced is directly proportional to strain”. It holds good equally for tension and compression. 25. What are the three elastic constants? i. Modulus of Elasticity ii. Bulk Modulus iii. Shear modulus



26. Define Modulus of rigidity. Within elastic limit, the ratio of shear stress to the shear strain is known as modulus of rigidity. Modulus of Rigidity (G) = Shearing stress/Shear strain = q/es Where, q=Shearing stress 80
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es =Shear strain 27. What is composite bar? How will you find the stresses and load carried by each members of a composite bar? A composite member is composed of two or more different materials, joined together in such a way that the system is elongated or compressed as a single unit. In such a case, the following two governing principles are to be followed. i) Change on length in the bar (1) = Change on length in bar (2) P1L1/A1 E1 = P2L2 /A2 E2 ii) Total load P = load carried by bar (1) +load carried by bar (2) P = P1+ P2 Stress induced in bar (1) = P1/ A1 Stress induced in bar (2) = P2/ A2 28. State the relationship between Young's Modulus and Modulus of Rigidity. E= 2C (1+1/m) Where, E-Young's Modulus C-Modulus of Rigidity 1/m-Poisson's ratio 29. State the relationship between Bulk Modulus and Young's Modulus E= 3K (1-2/m) Where, E-Young's Modulus K-Bulk Modulus 1/m-Poission's ratio 30. Determine the Poisson’s ratio and bulk modulus of a material, for which Young’s modulus is 1.2 x 10 5 N/mm2 and modulus of rigidity is 4.8 x 104 N/mm 2. Modulus of rigidity C = mE/2[m+1] 4.8 x 104 = 1.2x105 m/2[m+1] Poisson’s 1/m = 0.25 Bulk modulus K = mE/3[m-2] K = 4x1.2x105/3[4-2] K = 8 x 104 N/mm2 31. Define Thermal stress and strain. If the temperature of a body is lowered or raised its dimensions will decrease or increase correspondingly. If the changes are checked, the stress thus developed in the body is called Thermal stress or temperature stress. And corresponding strain is known as Thermal stress or temperature stress. 32. Define strain energy. The energy absorbed in a body, when strained within its elastic limit is known as strain energy. It is also known as resilience. 81
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33. Define proof resilience. The maximum strain energy that can be stored in a body is known as proof resilience. 34. Define modulus of resilience. The proof resilience per unit volume is known as modulus of resilience. It is also known as strain energy density. 35. Write down the equation for strain energy stored due to shear stress and explain the terms. Strain energy due to shear stress U = [q2∕2C)] V q= Shear stress



C=Shear modulus



V= Volume of the body



36. Write down the equation for strain energy stored in a body and explain the terms. Strain energy due to shear stress U = [q2∕2E] V q = Shear stress E = Young’s modulus V = Volume of the body 37. Define strain energy theory. According to this theory, the elastic failure occurs when energy per unit volume in a strained material reaches the value of the strain energy per unit volume at the elastic limit point in the simple tension test. According to this theory, the maximum energy which a body can store without deforming plastically is constant for that material irrespective of the manner of loading. 38. State the formula for strain energy and deflection due to bending. Strain Energy U = (1/2) W y, Deflection y = 2U/W, Where W is the load. PART B
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UNIT II – TRANSVERSE LOADING ON BEAMS AND STRESSES IN BEAMS 1. What is beam? Beam is structural member which is supported along the length and subjected to external forces acting transversely to the centre line. 2. Define Shear force Shear force at a section in a beam is defined as the algebraic sum of all the vertical forces acting on the beam either to the left (or) to the right of the section. 3. Define Bending moment. Bending moment at a section in a beam is defined as the algebraic sum of moments about the section of the beam either to the left (or) to the right of the section. 4. Write four types of beams based on their types of supports? a. Simply supported beams c. Cantilever beam



b. Fixed beam d. Propped cantilever beam



5. What are the different types of loading on a beam? a. Concentrate load (or) point load c. Non-uniform distributed load



b. Uniformly distributed load d. Couple or moment.



6. What are the different types of supports? (i) Simply support (or) roller support (ii) Pinned support (or) Hinged support (iii) Rigid support (or) Fixed support 7. What is a simply supported beam? A beam supported or resting freely on the walls columns at its both ends is known as a simply supported beam. 8. What is Cantilever beam? 99
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A beam fixed at one end and free at the other end is known as a cantilever beam. 9. What is continuous beam? A beam which has more than two supports is called continuous beam. 10. What is overhanging beam? If the one or both the end portions are extended beyond the support then it is called. 11. Define fixed beams. A beam whose both ends are rigidly fixed or built-in walls is known as rigidly fixed beam or a built in beam. 12. What is transverse load? A load which has more than two supports is called transverse load. 13. What is point load? A load which is acting at a particular point is called point load. 14. What is uniformly distributed load? A load which is spread over a beam in such a manner that the rate of loading ‘w’ is uniform throughout the length.



15. What is shear force? It is the unbalanced vertical forces on the left or right section of the beam. 16. Define bending moment. Bending at a cross section is the algebraic sum of the moments of all the forces which are placed either side from that point. 17. Write the relation between SF and BM. The rate of change of BM is equal to the SF at the section dM/dx = - F 100
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18. A clockwise moment M is applied at the free end of cantilever. Draw the SF and BM diagrams of the cantilever. SF Calculation SFA= 0 SF at B = 0 BM Calculation BM at B = -M (Sinceforcounterclockwisemoment) BM at A = -M (BM at both the ends is same)



SF diagram _______________ BM diagram _________________ ________________



19. A simply supported beam of span ‘l’ is subjected to central concentrated load ‘W’. What is the bending moment at the centre? Bending moment at the centre Mc = Wl/4 20. What is point of contra flexure? Whether point of contra flexure will occur in a cantilever beam? The point where BM is zero after changing its sign is known as point of contra flexure. 21. Whether point of contra flexure will occur in a cantilever beam? The Point of contra flexure will not occur in a cantilever beam. 22. Define pure bending (or) bending stress. Simple bending means flexure by pure bending moment without shear force. 23. What are the assumptions are made in the theory of pure bending? a) The value of the young’s modulus is the same for the beam material in tension as well as compression. b) The transverse section of the beam, which is a plane before bending, will remain a plane after bending. c) The material of the beam is homogeneous and isotropic.



24. State the theory of simple bending. If a beam is bent only due to application of constant BM and not due to shear then it is called simple bending. 25. Write down the bending equation.



101
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M f E   I y R M - Moment of resistance I - Moment of inertia f - Maximum bending stress y - Distance from the neutral axis E - Young’s modulus R - Radius of the curvature 26. Define Section modulus It is the ratio of moment of inertia about the neutral axis to distance of the extreme fiber from the neutral axis. Section modulus Z =



I Y



27. What is moment of resistance of the section? It is the product of section modulus and bending stress at that section. M=fxZ 28. What is a flitched beam? Why it is used? A flitched beam means a beam of composite section consisting of a wooden beam strength ended by mild steel plates. It is mainly used to reinforce the material which has lower strength and reduce the cost. 29. Why flitched beam is used? It is mainly used to reinforce the material which has lower strength and reduce the cost.



30. What is the value of maximum shear stress in a rectangular cross section? The max shear stress in a rectangular section is 1.5 times the average stress. 31. Write down the equation for shear stress distribution across a circular section with radius. R at a distance y from neutral axis. Shear stress qmax =



q=











F R 2  y2 ; 3I



4 qavg  3



Where, R = Radius of the shaft 102
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UNIT III – TORSION 1. Define the term ‘torque’. The product of turning force, and the distance between the point of application of the force, and the axis of the shaft is known as torque.. 2. What are the assumptions made in theory of torsion. (i) (ii) (iii) (iv)



The material of the shaft is uniform throughout. The twist along the shaft is uniform. The shaft is of uniform circular section throughout. Cross–Sections of the shaft, which are plane before twist, remain plane after twist.



3. Define the term polar modulus. Polar modulus is defined as the ratio of the polar moment of inertia to the radius of the shaft. Zp =



J R



4. Define Torsional Rigidity. 109
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We know the torsion equation T/J = Cθ/l θ = Tl/CJ Since C, l and J are constant for a given shaft, Θ (angle of twist) is directly proportional to T (torque). The term CJ is known as torsional rigidity. 5. Define the term ‘equivalent bending moment’. Equivalent bending moment (Me) may be defined as the bending moment which will produce the same direct stress as produced by the bending moment and the torque acting separately. 6. Define the term ‘equivalent twisting moment’ The equivalent twisting moment (Te) may be defined as the torque which will produce the same maximum shear stress as produced by the bending moment and the torque separately. 7. Why hollow circular shafts are preferred when compared to solid circular shaft? i). The torque transmitted by the hollow shaft is grater than the solid soft. ii). For same material, length and given torque, the weight of the hollow shaft will be less compared to solid shaft. 8. What is meant by spring? Spring is a device which is used to absorb energy by very large change in its form without permanent deformation, and then release the same when required. 9. What is meant by stiffness? The stiffness of the spring is defined as the load required to produce unit deflection. 10. What are the different types of springs? i). Torsion spring ii). Bending spring 11. What is torsion spring? A torsion spring is the one which is subjected to a twisting moment and the resilience is mainly due to torsion. 12. What is bending spring? A bending spring is one which is subjected to bending only and resilience is mainly due to bending. 13. What are the stresses are induced in the spring? i). Direct stress ii). Torsional stress iii). Bending stress 14. Explain the springs in parallel. 110
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When two springs are joined in such a manner that they have common deflection they are said to be connected in parallel. 15. Explain the springs in series. In many situations, the combination of two or more springs either may be connected in series or parallel are required. 16. What are the applications of closed coiled helical spring? The closed coiled helical springs are used in Railway wagons, cycle seating, pistols, brakes etc. 17. Differentiate between close coiled and open coiled helical springs. Close-coiled spring 1. Adjacent coils are very close to each other 2. Only tensile load can carry 3. Helix angle is negligible



Open- coiled spring 1. Large gap between adjacent coils 2. Tensile and compressive loads can carry. 3. Helix angle considerable



18. What is meant by stiffness of a spring and write an expression for it. Stiffness (K) of a spring is a measure of its capacity and is defined as the load required producing unit deflection. K = P/ Where, P – Load,  - Deflection 19. What is buffer spring? Buffer spring is mostly used in Railway wagons. The shock between two colliding bodies may be softened or cushioned by means of buffers. 20.



Write an expression for the angle of twist for diameter D, internal diameter d, length l and rigidity modulus G. Angle of twist  = Tl/GJ Where, T- Torque J-Polar moment of inertia J = [D4 - d 4]/32



a



hollow



circular



21. Why hollow circular shaft are preferred when compared to solid circular shafts? a) The torque transmitted by the hollow shaft is grater than the solid shaft. b) For same material, length and given torque, the weight of less Compared to solid shaft



the



shaft



with



external



hollow



shaft



will



22. Write down the equation for shear strain energy of closed coiled spring. Shear strain energy U= [f2s/4C] x volume of the spring Where fs – Shear stress, C- Modulus of rigidity 23. What kind of stress introduced when an axial load acts on an open coiled spring? Bending stress and Shear stress 24. What is meant by spring constant or spring index? Spring constant is the ratio mean diameter of the spring to the diameter of the wire. 111
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25. What kind of stress induced when an axial load acts on a close coiled spring. Shear stress.



26. Explain leaf springs? Leaf springs are called as laminate springs are commonly used in carriages such as Cars, Lorries and Railway wagons. 27. What are the applications of leaf spring? Leaf springs are commonly used in carriages such as Cars, Lorries and Railway wagons shocks of vehicles given unpleasant felling to the passengers and hence springs are used to absorb such shocks. 28. What types of stresses are caused in a beam subjected to a constant shear force? Vertical and horizontal shear stress.



112
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UNIT IV – BEAMS DEFLECTION 1. What are the different methods used to find out the slope and deflection at a section in a loaded Beam? (i) Double integration method



(ii) Moment area method



(iii) Macaulay’s method



2. Define Mohr’s theorem I It states that the change of slope between any two points, on an elastic curve, is equal to the net area of B.M. diagram between these points divided by EI. Slope θ =



A EI



3. Derive double integration method. M = Moment resistance of a beam at a point P x and y be the co-ordinates of point P, then d2y M EI dx 2 Integrating both side d2y EI  dx 2   M



dy   M dx  c 1 dx dy Where is the slope dx EI



Integrating slope equation



dy



 EI dx EI y =







M dx  c 1



 M dx  C



1



x  C2



Where y is the deflection. The constant C1 and C2 are found by using the end conditions. 4. Define Mohr’s theorem II It states the intercept taken on a vertical reference line of tangents drawn at any two points on an elastic curve is equal to the moment of the bending moment diagram between these points about the reference line divided by EI. 5. What will be the max slope of elastic curve for a simply supported beam length (l) subjected to a downward concentrated load W act at center?



wl2 Slope θ = 16EI 127
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6. What will be the maximum deflection of elastic curve for a simply supported beam length (l) subjected to a downward concentrated load W act at center? wl 3 Deflection y = 48EI 7. What will be the max slope of elastic curve for a simply supported beam length (l) subjected to a uniformly distributed load w/m over the entire span?



wl 3 Slope θ = 24EI 8. What will be the maximum deflection of elastic curve for a simply supported beam length (l) subjected to a uniformly distributed load w/m over the entire span?



5wl 4 Deflection y = 384EI 9. What will be the max slope of elastic curve for a cantilever beam length (l) subjected to a point load w act at the free end?



wl2 2EI 10. What will be the maximum deflection of elastic curve for a cantilever beam length (l) subjected to a point load w act at the free end? Slope θ =



Deflection y =



wl2 3EI



11. What will be the maximum deflection and max slope of elastic curve for a cantilever beam length (l) subjected to a u.d.l w N/m act over the entire span?



wl3 Slope θ = 6EI 12. What will be the maximum deflection of elastic curve for a cantilever beam length (l) subjected to a u.d.l w N/m act over the entire span? wl4 Deflection y = 8EI 13. Define strut. A member of structure or bar which carries an axial compressive load is called the strut. If the strut is vertical (i.e.) 90o to the horizontal is known as column. 14. Define column. 128
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If the strut is vertical (i.e.) 90o to the horizontal is known as column. 15. Define Slenderness ratio. It is the ratio of unsupported length of the column to the minimum radius of gyration of the cross sectional ends of the column. 16. Define buckling factor. It is the ratio between the equivalent length of the column to minimum radius of the gyration. 17. Define buckling load. The maximum limiting load at which the column tends to have lateral displacement or tends to buckle is called the buckling or crippling load. 18. Define safe load. It is the load to which the column is actually subjected to and is well below the buckling load. Safe load= buckling load. Factor of safety 19. Define short column. Columns which have lengths less than 8 times their respective diameters or slenderness ratio less than 32 are called short columns 20. Define medium size column. Columns which have lengths varying from 8 times to 30 times their respective diameters or slenderness ratio lying between 32 and 120 are called medium size columns. 21. Define equivalent length. The distance between adjacent points of inflexion is called equivalent length or effective length. 22. What is the formula for calculating the critical load for a column or strut? PEuler = 2EI L e2 P= critical load E= youngs modulus I = Least moment of inertia of the section of the column Le= Equivalent length of the column or strut. 23. What is Rankines formula for calculating Rankine’s load. PRankine= c A 1+a (Le2/k2) c -Max. possible compressive stress A- cross sectional area, a- Rankine’s constant. 129
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Le – Equivalent length of the column



130
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UNIT-V THIN CYLINDERS, SPHERES AND THICK CYLINDERS PART – A 1. List out the modes of failure in thin cylindrical shell due to an internal pressure. i)Circumferential or hoop stress and ii)Longitudinal stress 2. What do you mean by principal plane? The planes which have no shear stress are known as principal planes. 3. What are assumptions involved in the analysis of thin cylindrical shells? The material of the cylinder is homogeneous, isotropic and obeys Hook’s law. i)The hoop stress distribution in thin cylinder is uniform over the cross section from inner to outer surface since the thickness of the cylinder is thin and ii)Weight of fluid and material of the cylinder is not taken into account. 4. What are principal planes and principal stress one end is fixed and other end is free? Principal stress: The magnitudes of normal stress, acting on a principal plane are known as principal stresses. The plane which have no shear stress are known as principal planes. 5. Define Circumferential and Hoop stress. A thin cylinder shell is subjected to an internal pressure, as a result of internal pressure, the cylinder has tendency to split up into two troughs is called circumferential stress. The same cylinder shell, subjected to the same internal pressure, the cylinder also has a tendency to split in to two pieces is known as Hoop stress. 6. What is the use of Mohr’s circle? It is used to find out the normal, tangential, resultant and principal stresses and their planes. 7. What are the planes along which the greatest shear stresses occurs? Greatest shear stress occurs at the planes which is inclined at 45˚ to its normal. 8. What is the radius of Mohr’s circle? Radius of Mohr’s circle is equal to the maximum shear stress. 9. In case of equal like principal stresses what is the diameter of the Mohr’s circle? In case of equal like principal stresses what is the diameter of the Mohr’s circle is zero. 10. What is mean by position of principal planes? 145
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The planes on which shear stress is zero are known as principal planes. The position of principal planes are obtained by equating the tangential stress to zero.
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