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CE-221 SOLID MECHANICS 
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Note: Write your name & roll no. on answerbook and on summary answer sheet provided with the question paper.  
You must submit the question-paper-cum-summary-answer-sheet along with the answerbook.  
Closed book, closed notes test. No formula sheet allowed. No mobile phones allowed in the exam hall. 
All questions carry equal marks. Assume suitable data if required and state the same clearly.  
Use formula from provided tables, if applicable. 
 
Problem 1 
High strength steel wires are stretched by applying a force Q which produces an initial 
stress o= 820 MPa as shown in Fig. 1 (a). Concrete is then poured around the stretched 
wires to form a beam as shown in Fig. 1 (b). After the concrete sets properly, the force Q is 
removed as shown in Fig. 1 (c). Thus the beam is left in a prestressed condition with the 
wires in tension and concrete in compression. The moduli of elasticity of steel and concrete 
are in the ratio of 8:1. The areas of concrete and steel are in the ratio 30:1. Calculate the 
final stresses in steel (s) and concrete (c). 

 
Fig. 1 

 

Problem 2 
A wooden beam is reinforced by steel plates as shown in Fig. 2. The ratio of moduli of 
elasticity for steel and wood Es /Ew = 7. Calculate the maximum tensile and maximum 
compressive stresses in steel due to the moment applied as shown in Fig. 2. 

 
Fig. 2 

 



 
Problem 3 
A built-up beam is fabricated using a steel I-section and two aluminium channel sections as 
shown in Fig. 3. The sections are joined by bolts spaced at 60 mm longitudinally. Calculate 
the maximum allowable shear force that can be resisted by the cross-section if each bolt can 
carry a shear force of 2.4 kN. The ratio of moduli of elasticity for steel and aluminium is Es 
/Ea = 7. 

  
Section 
Properties 

d 
(mm) 

bf 
(mm) 

tf 
(mm)

tw 
(mm) 

Area 
(mm2) 

x  
(mm)

IXX  
(x106 mm4) 

IYY  
(x106 mm4)

C Section 120.0 31.7 5.0 5.1 882 6.74 1.62 0.0514 
I Section 121.9 80.8 6.4 3.7 1470 - 3.94 0.56 

Fig. 3 
 

 
Problem 4 
A shaft of diameter 25 mm supports a 300 mm diameter pulley weighing 500 N as shown 
in Fig. 4. The horizontal forces in the belt going over the pulley are 1750 N and 250 N as 
shown. Calculate the maximum tensile stress (max) and the maximum shear stress (max) in 
the shaft at the first bearing located 60 mm from the pulley. Neglect shear stresses due to 
transverse loads i.e., due to bending shear. 

 
Fig. 4 

 
 



 
Problem 5 
The beam ABC rests on supports at A and C before the load is applied as shown in Fig. 5. 
There is a small gap between the beam and the support at B. When the uniform load is 
applied to the beam, the gap closes and reactions develop at all three supports. Calculate the 
magnitude of the gap () for which the bending moment at point B of the beam ABC would 
be zero. Use the table provided on the next page to the extent possible. 
 

 
Fig. 5 

 
Problem 6 
The horizontal bar is supported by columns AB and CD as shown in Fig. 6. Each column is 
pinned at the top to the horizontal bar, and support A is fixed and support D is pinned. Both 
columns are solid steel bars (Es = 200 GPa) of square cross-section of side 15 mm. Use the 
table provided on the next page to the extent possible.  
(a) If the distance a = 0.4 m, calculate the critical value of the load Qcr.  
(b) Calculate the maximum value of Qcr if the distance a can be varied between 0 and 1 m.  

  
Fig. 6 
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Problem 1 
High strength steel wires are stretched by applying a force Q which produces an initial 
stress o= 720 MPa as shown in Fig. 1 (a). Concrete is then poured around the stretched 
wires to form a beam as shown in Fig. 1 (b). After the concrete sets properly, the force Q is 
removed as shown in Fig. 1 (c). Thus the beam is left in a prestressed condition with the 
wires in tension and concrete in compression. The moduli of elasticity of steel and concrete 
are in the ratio of 9:1. The areas of concrete and steel are in the ratio 40:1. Calculate the 
final stresses in steel (s) and concrete (c). 

 
Fig. 1 

 
 

Problem 2 
A wooden beam is reinforced by steel plates as shown in Fig. 2. The ratio of moduli of 
elasticity for steel and wood Es /Ew = 8. Calculate the maximum tensile and maximum 
compressive stresses in steel due to the moment applied as shown in Fig. 2. 

 
Fig. 2 

 



Problem 3 
A built-up beam is fabricated using a steel I-section and two aluminium channel sections as 
shown in Fig. 3. The sections are joined by bolts spaced at 120 mm longitudinally. 
Calculate the maximum allowable shear force that can be resisted by the cross-section if 
each bolt can carry a shear force of 2.8 kN. The ratio of moduli of elasticity for steel and 
aluminium is Es /Ea = 8. 

  
Section 
Properties 

d 
(mm) 

bf 
(mm) 

tf 
(mm)

tw 
(mm) 

Area 
(mm2) 

x  
(mm)

IXX  
(x106 mm4) 

IYY  
(x106 mm4)

C Section 120.0 31.7 5.0 5.1 882 6.74 1.62 0.0514 
I Section 121.9 80.8 6.4 3.7 1470 - 3.94 0.56 

Fig. 3 
 

 
Problem 4 
A shaft of diameter 30 mm supports a 350 mm diameter pulley weighing 600 N as shown 
in Fig. 4. The horizontal forces in the belt going over the pulley are 2000 N and 350 N as 
shown. Calculate the maximum tensile stress (max) and the maximum shear stress (max) in 
the shaft at the first bearing located 80 mm from the pulley. Neglect shear stresses due to 
transverse loads i.e., due to bending shear. 

 
Fig. 4 

 
 



 
Problem 5 
The beam ABC rests on supports at A and C before the load is applied as shown in Fig. 5. 
There is a small gap between the beam and the support at B. When the uniform load is 
applied to the beam, the gap closes and reactions develop at all three supports. Calculate the 
magnitude of the gap () for which the bending moment at point B of the beam ABC would 
be zero. Use the table provided on the next page to the extent possible. 
 

 
Fig. 5 

 
Problem 6 
The horizontal bar is supported by columns AB and CD as shown in Fig. 6. Each column is 
pinned at the top to the horizontal bar, and support A is fixed and support D is pinned. Both 
columns are solid steel bars (Es = 250 GPa) of square cross-section of side 20 mm. Use the 
table provided on the next page to the extent possible.  
(a) If the distance a = 0.3 m, calculate the critical value of the load Qcr.  
(b) Calculate the maximum value of Qcr if the distance a can be varied between 0 and 1 m.  

  
Fig. 6 
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Problem 1 
High strength steel wires are stretched by applying a force Q which produces an initial 
stress o= 920 MPa as shown in Fig. 1 (a). Concrete is then poured around the stretched 
wires to form a beam as shown in Fig. 1 (b). After the concrete sets properly, the force Q is 
removed as shown in Fig. 1 (c). Thus the beam is left in a prestressed condition with the 
wires in tension and concrete in compression. The moduli of elasticity of steel and concrete 
are in the ratio of 7:1. The areas of concrete and steel are in the ratio 20:1. Calculate the 
final stresses in steel (s) and concrete (c). 

 
Fig. 1 

 
 

Problem 2 
A wooden beam is reinforced by steel plates as shown in Fig. 2. The ratio of moduli of 
elasticity for steel and wood Es /Ew = 9. Calculate the maximum tensile and maximum 
compressive stresses in steel due to the moment applied as shown in Fig. 2. 

 
Fig. 2 

 
 



Problem 3 
A built-up beam is fabricated using a steel I-section and two aluminium channel sections as 
shown in Fig. 3. The sections are joined by bolts spaced at 80 mm longitudinally. Calculate 
the maximum allowable shear force that can be resisted by the cross-section if each bolt can 
carry a shear force of 3.8 kN. The ratio of moduli of elasticity for steel and aluminium is Es 
/Ea = 9. 

  
Section 
Properties 

d 
(mm) 

bf 
(mm) 

tf 
(mm)

tw 
(mm) 

Area 
(mm2) 

x  
(mm)

IXX  
(x106 mm4) 

IYY  
(x106 mm4)

C Section 120.0 31.7 5.0 5.1 882 6.74 1.62 0.0514 
I Section 121.9 80.8 6.4 3.7 1470 - 3.94 0.56 

Fig. 3 
 
 
Problem 4 
A shaft of diameter 35 mm supports a 400 mm diameter pulley weighing 700 N as shown 
in Fig. 4. The horizontal forces in the belt going over the pulley are 2250 N and 450 N as 
shown. Calculate the maximum tensile stress (max) and the maximum shear stress (max) in 
the shaft at the first bearing located 100 mm from the pulley. Neglect shear stresses due to 
transverse loads i.e., due to bending shear. 

 
Fig. 4 

 
 



 
Problem 5 
The beam ABC rests on supports at A and C before the load is applied as shown in Fig. 5. 
There is a small gap between the beam and the support at B. When the uniform load is 
applied to the beam, the gap closes and reactions develop at all three supports. Calculate the 
magnitude of the gap () for which the bending moment at point B of the beam ABC would 
be zero. Use the table provided on the next page to the extent possible. 
 

 
Fig. 5 

 
Problem 6 
The horizontal bar is supported by columns AB and CD as shown in Fig. 6. Each column is 
pinned at the top to the horizontal bar, and support A is fixed and support D is pinned. Both 
columns are solid steel bars (Es = 150 GPa) of square cross-section of side 30 mm. Use the 
table provided on the next page to the extent possible.  
(a) If the distance a = 0.2 m, calculate the critical value of the load Qcr.  
(b) Calculate the maximum value of Qcr if the distance a can be varied between 0 and 1 m.  

  
Fig. 6 
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Problem 1 
High strength steel wires are stretched by applying a force Q which produces an initial 
stress o= 1020 MPa as shown in Fig. 1 (a). Concrete is then poured around the stretched 
wires to form a beam as shown in Fig. 1 (b). After the concrete sets properly, the force Q is 
removed as shown in Fig. 1 (c). Thus the beam is left in a prestressed condition with the 
wires in tension and concrete in compression. The moduli of elasticity of steel and concrete 
are in the ratio of 10:1. The areas of concrete and steel are in the ratio 50:1. Calculate the 
final stresses in steel (s) and concrete (c). 

 
Fig. 1 

 

Problem 2 
A wooden beam is reinforced by steel plates as shown in Fig. 2. The ratio of moduli of 
elasticity for steel and wood Es /Ew = 10. Calculate the maximum tensile and maximum 
compressive stresses in steel due to the moment applied as shown in Fig. 2. 

 
Fig. 2 

 
 
 



Problem 3 
A built-up beam is fabricated using a steel I-section and two aluminium channel sections as 
shown in Fig. 3. The sections are joined by bolts spaced at 100 mm longitudinally. 
Calculate the maximum allowable shear force that can be resisted by the cross-section if 
each bolt can carry a shear force of 5.2 kN. The ratio of moduli of elasticity for steel and 
aluminium is Es /Ea = 10. 

  
Section 
Properties 

d 
(mm) 

bf 
(mm) 

tf 
(mm)

tw 
(mm) 

Area 
(mm2) 

x  
(mm)

IXX  
(x106 mm4) 

IYY  
(x106 mm4)

C Section 120.0 31.7 5.0 5.1 882 6.74 1.62 0.0514 
I Section 121.9 80.8 6.4 3.7 1470 - 3.94 0.56 

Fig. 3 
 

 
Problem 4 
A shaft of diameter 40 mm supports a 450 mm diameter pulley weighing 800 N as shown 
in Fig. 4. The horizontal forces in the belt going over the pulley are 2500 N and 550 N as 
shown. Calculate the maximum tensile stress (max) and the maximum shear stress (max) in 
the shaft at the first bearing located 120 mm from the pulley. Neglect shear stresses due to 
transverse loads i.e., due to bending shear. 

 
Fig. 4 

 
 



 
Problem 5 
The beam ABC rests on supports at A and C before the load is applied as shown in Fig. 5. 
There is a small gap between the beam and the support at B. When the uniform load is 
applied to the beam, the gap closes and reactions develop at all three supports. Calculate the 
magnitude of the gap () for which the bending moment at point B of the beam ABC would 
be zero. Use the table provided on the next page to the extent possible. 
 

 
Fig. 5 

 
Problem 6 
The horizontal bar is supported by columns AB and CD as shown in Fig. 6. Each column is 
pinned at the top to the horizontal bar, and support A is fixed and support D is pinned. Both 
columns are solid steel bars (Es = 300 GPa) of square cross-section of side 25 mm. Use the 
table provided on the next page to the extent possible.  
(a) If the distance a = 0.1 m, calculate the critical value of the load Qcr.  
(b) Calculate the maximum value of Qcr if the distance a can be varied between 0 and 1 m.  

  
Fig. 6 












