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STRENGTH OF MATERIALS

(Chemical Engineering)

Time: 3 hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

---

1.a)
Define the terms stress and strain 






b) Explain the difference between a ductile material and a brittle material.  Give examples.

c)
A rigid block weighing 150 kN is symmetrically supported by 2 steel rods and a copper rod as shown in figure. Find the stresses induced in each rod and the elongation of copper and steel rods.





Material
c/s Area      Length
       E

Steel
320 mm2     600 mm
2x105 MPa

   


         

Copper
410mm2     700 mm
1.1x105 MPa

2.a)
Define the terms Bulk modulus, modulus of rigidity, modulus of elasticity and position’s ratio.







(4)

b)
Derive the relation between modulus of elasticity and rigidity modulus from first principles. Also derive the relation between young’s modulus and Bulk modulus from first principles.


3.
Draw shear force and bending moment diagrams and mark the salient values.
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4.a)
A cast iron beam is of I-section as shown in Fig.  The beam is simply supported on a span of 6.5m.  If the tensile stress is not to exceed 20 MPa, Find the safe u.d.l. which the beam can carry.  Also find the max compressive stress.  Draw the sketch showing the stresses across the section.


     b)
Discuss the assumptions involved in the theory of simple bending.

5.
A beam of a square section of 300mm side is used with one diagonal horizontal making at a diamond shaped cross section. Find the maximum shear stress in the cross section. Also sketch the shear stress distribution across the depth of the section. Calculate the average shear stress. The shear force on the section is 120KN.

6.
An air vessel is 400mm diameter and 8mm thick, the length being 1.8m. Find the change in diameter and length, when subjected to 8N/mm² internal pressure.

Take E= 2 x 105N/mm² Poisson’s 0.28.

7.
The stresses on two perpendicular planes through a point are 60 N/mm² tension and 40 N/mm² compression and 30 N/mm² shear. Find the stress components and the resultant stress on a plane at 60( to that of the tensile stress.





8.
A solid circular shaft, which transmits 300 metric H.P. at 150 r.p.m, is to be replaced by a hollow shaft equal weight and of the same material, having the bore equal to half the external diameter. If the horse power transmitted is to remain unaltered, find the percentage change in the speed of the shaft. The maximum shear stress in the shaft is not to exceed 66.5 N/mm².

- - -
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1.a)
Define the term stress.  Explain the various types of stresses.    

b) A rigid bar AB is supported by copper and steel rods and hinged at the point A as shown in Fig. It supports a load of 150 kN at the free end.  Find the stresses induced in each rod and the elongation of copper and steel rods.







Material
c/s Area
Length

Young’s Modulus 

1.
Copper

550 mm2
0.5 m

1.1x105 MPa
2.
Steel

600 mm2
0.6 m

2x105 MPa




2.
A rectangular bar 500mm long is 75mm wide and 25mm thick. It is loaded with an axial tensile load of 250 kN together with a normal compressive force of 520 kN on face 500mm x 75 mm and a tensile force 400 kN on face 500mm x 25mm. Calculate the changes in length, breadth, thickness and volume. E=210kN/mm2 and Poisson’s ratio=0.3

3.
Draw shear force and bending moment diagrams and mark the salient values.
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4.a)
A horizontal beam of the section shown in Fig. is 6.5m long and is simply supported at its ends.  Calculate the maximum u.d.l. it can carry if the tensile and compressive stresses are not to exceed 50 MPa and 70 MPa respectively.


b)
A rectangular beam 500mm deep and 300mm wide is simply supported over a span of 9.5m.  What u.d.l. the beam may carry if the bending stress is not to exceed 145MPa.

5.
A cast iron bracket subjected to bending has a cross section of unsymmetrical I-section with a 300mm x 80mm web, 300mm x 100mm top flange and 200mm x 100mm bottom flange. If the cross section is subjected to a shear force of 150KN, draw the shear stress distribution over the depth of the section and also calculate the maximum shear stress.

6.
A cylindrical shell 2.8m long 60cm diameter is made up of 15mm thick plate. Determine the change in volume when the shell is subjected to an internal pressure of 8N/mm².

7.
A plane stress condition exists at a point in a loaded structure. The stresses have the magnitude and directions shown on the stress element. Calculate the stresses acting on the planes obtained by rotating the element clockwise through an angle of 16º.

8.
A shaft transmits 300 kW power at 120 r.p.m. Determine 

a) The necessary diameter of diameter of solid circular shaft

b) The necessary diameter of hollow circular section, the inside diameter being 2/3 of the external diameter. The allowable shear stress is 70 N/mm². Taking the density of material is 77 kN/m3 , calculate the % saving in the material if hollow shaft is used.

- - -
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1.a)
Explain the terms Elasticity and Plasticity.  Give examples.



b) Explain the difference between ductile and brittle material.  Give examples.


c) A rigid bar AB is supported by brass and steel rods and hinged at A as shown in Fig.  It supports a load 200 kN at the free end.  Find the stresses induced in each rod and the elongation of brass and steel rods.


Material
c/s Area
Length

Modulus of Elasticity 

1.
Brass

400 mm2
0.5 m

1.2x105 MPa
2.
Steel

600 mm2
0.65 m

2x105 MPa


2.
A mild steel bar 300mm long and 80mm x 60mm in cross section is subjected to a longitudinal axial compression of 750 kN. Determine the value of the lateral forces necessary to prevent any transverse strain. Evaluate the resultant alteration in length. E=2x105 MPa and Poisson’s ratio=0.25.

3.
Draw shear force and bending moment diagrams and mark the salient values.
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4.
A beam is of solid circular section 160mm in diameter.  Compare the weights of beam of equal strength of (i) hollow circular section with internal diameter = 0.85 times the external diameter and (ii) I-section 300mm dep and 140mm wide with uniform thickness of flange and web. 

5.
The shear force acting on a section of a beam is 50kN.  The section the beam is of T shaped of dimensions 100mm x 100mm x 20mm as shown in fig.  The moment of inertia about the horizontal Neutral axis is 314.2 x 104mm4.  Calculate the shear stress at the Neutral axis and at the junction of the web and the flange.

6.
A water main of 0.8m diameter is required to convey water under a press of 15N/mm². Determine the thickness of water main if the allowable stress in pipe material is 100N/mm²

7.a)
Show that in a strained material subjected to two-dimensional stress, the sum of the       normal components of stresses on any two mutually perpendicular planes is constant.

b)
At a point in bracket the normal stresses on two perpendicular planes are 120 N/mm² tensile and 60 N/mm² tensile. The shear across these planes is 30 N/mm². Find using the Mohr’s stress circle, the principal stresses and maximum shear at the point.

8.
A hollow steel shaft of external diameter equal to twice the internal diameter  has to transmit 2250 kW power at 400 r.p.m. If the angle of twist has to exceed 1° in a length equivalent to 16 times the external diameter and the maximum turning moment is ¼ times the mean, calculate the maximum stress and the diameter of the shaft. Assume the modulus of rigidity to be 0.8 * 105 N/mm².

- - -
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1.a)
Draw a neat sketch of a typical stresses-strain curve obtained from a direct tension test on a mild steel rod and explain the salient points.


b) Define stress and strain.







c)
A rigid bar ABC hinged at ‘A’ and supported at two points ‘B’ and ‘C’ by the steel and Aluminum bars whose c/s area is 500 mm2 and 450 mm2 respectively. A 30 kN load is acting mid-way between B and C.   Determine the load taken by the two rods.  Take Es = 2x105 MPa,   EAluminium = 0.7x105 MPa.




2.a)
Define the terms young’s modulus, shear modulus, Bulk modulus and Poisson’s ratio.

b)
A bar of certain material 60mm x 60mm in cross-section is subjected to an axial pull of 180 kN. The extension over a length of 100mm is 0.05mm and decrease in each side is 0.00525mm. Calculate modulus of Elasticity, Poisson’s ratio, Rigidity Modulus and Bulk modulus.


3.
Draw shear force and bending moment diagrams and mark the salient values.
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4.a)
A horizontal beam of the section shown in Fig. is 5.6m long and is simply supported at its ends.  Calculate the maximum u.d.l. it can carry if the tensile and compressive stresses are not to exceed 40 MPa and 60 MPa respectively.





    


   b)
Discuss the assumptions involved in the theory of simple bending.

5.
A beam of I section is having over all depth as 500mm and overall width as 190mm.  The thickness of flanges is 25mm whereas the thickness of the web is 15mm.  The moment of inertia about N.A is given as 6.45 x 108mm4; if the section carries a shear force of 40kN, calculate the maximum shear stress. Also sketch the shear stress distribution across the section.

6.
A Cast iron pipe of 500mm internal diameter and 100mm thickness carries water under a pressure of 10N/mm². Determine the maximum and minimum intensities of hoop stress across the section. Also sketch the radial pressure distribution and hoop stress distribution across the section.

7.
The principal tensile stresses at a point across two perpendicular planes are 80 N/mm² and 40 N/mm². Find the normal, and tangential stresses and the resultant stress and its obliquity on a plane at 20° with the major principal plane. Find also the intensity of stress which acting alone can produce the same maximum strain. Take Poisson’s 

      
ratio = ¼.

8.
Find the power that can be safely transmitted by a solid steel shaft 100mm diameter running as 250 r.p.m. without exceeding a shearing stress of 60 N/mm². If this shaft is to be replaced by a hollow shaft of the same external diameter but with a permissible shearing stress of 72 N/mm², determine the internal diameter to transmit the same power at the same speed as the solid shaft.

- - -
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C





B





1.2m





Aluminium





Steel





1.5m





30kN





A





1m
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2m
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3m





1.5m
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