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13.5 KN

90 KN

110 KN

A1 = 5x10-4 m2

A2 = 2x10-3 m2

A3 = 4.5x10-3 m2

1. A circular steel rod of 

varying cross section with 

dimensions shown is 

fixed at its upper end. 

Each section is subjected 

to the tension load 

indicated. The maximum 

tensile stress in the rod is 

most nearly: 

(A) 27 MPa  (B) 45 MPa  

(C) 52 MPa  (D) 98 MPa
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178 x 103 N178 x 103 N

1.5 m

2. A steel bar is loaded axially as shown. Determine the

change in total length due to the load and a 

temperature drop of 45ºC. The rod is circular with a

diameter of 5cm. 

Steel: E = 203 x 10³ MPA, α = 6.5 x 10-6 mm/mmºC

(A) .067cm    (B) .044cm     (C) .023cm     (D) .090cm
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P

thickness 4mm

3. A circular die 30mm in diameter is used to punch a

hole through a 4mm thick steel plate. If the yield 

stress in shear for the material is 450 MPa what force 

P is required to punch the hole. Choose an answer 

from below closest to the actual value.

(A) 170N     (B) 1700N     (C) 17x10³N    (D) 17x104N
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FF

4. Two steel bars attached in a lap joint with two rivets is

subjected to an axial load of 8,000 Newtons. If the 

rivets have a diameter of 50mm determine the value 

of the shear stress in the body of the rivets. Select an 

answer from those listed closest to the actual value.

(A) 100 MPa              (B) 150 MPa   

(C) 200 MPa              (D) 250 MPa
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1 m

wall thickness 5 mm

internal radius  30 cm

5. A cylindrical pressure vessel is subjected to an

internal pressure P.  If the maximum allowable 

tensile stress that can be sustained by the 

vessel is 550 MPa what is the highest value of P 

permitted. Choose from values below closest to 

the actual pressure.

(A) 3 MPa    (B) 5 MPa   (C) 7 MPa   (D) 9 MPa
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48 MPa

76 MPa

6. A two dimensional stress state consists of a tension of 

76 MPa and a shear of 48 MPa. Determine the 

principal stresses for this original stress state. Select 

from the possible answers the choice that is closest to 

the smaller of the two principal stresses.

(A) -25 MPa   (B) 25 MPa  (C) 100 MPa   (D) -100 MPa
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10 MPa

25 MPa

50 MPa

7. For the two dimensional stress state shown in the 

figure what is the maximum shear stress that occurs 

in the element. Choose the answer closest below.

(A) -40 MPa   (B) 40 MPa   (C) 20 MPa   (D) 60 MPa
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T T

1.5 m

diameter – 3 cm 

8. The steel shaft shown is subjected to a twisting 

torque T. Find the largest value of T such that the 

maximum shear stress will not exceed 100 MPa and 

total twist will not be greater than 4 degrees. Choose 

an answer from those listed closest to the actual 

value.  G = 8.27 x 104 MPa

(A) 299 Nm   (B) 300 Nm    (C) 400 Nm    (D) 500 Nm

NC State                                        E 490                        Mechanics of Solids



T1

T2

1 2

9. A stepped shaft fixed to a wall is loaded with two

applied torques.  T1 has a magnitude of 100 Nm

and T2 is 500 Nm in the opposite direction applied 

at the left end of section 2. Determine the ratio of 

the diameter of section 2 to section 1 so that the

maximum shear stress in both sections are equal.

Select the closest answer.

(A) 1.2           (B) 1.4            (C) 1.6            (D) 1.8
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10. A machine component is made of a material with

a tensile strength of 480 MPa. It is subjected to the 

following principle stresses.

σA = 125 MPa

σB = -50 MPa

Which of the following values represents its factor 

of safety.

(A) 2.0           (B) 2.5            (C) 3.0           (D) 3.5
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11. A brittle material has a tensile strength of 250 MPa.

It is subjected to the following principle stress state

σ1 = 100 MPa

σ2 =  80 MPa

σ3 = -200 MPa

Determine the minimum compressive strength of        

the material to withstand static failure

(A) 300 MPa                (B) 330 MPa  

(C) 360 MPa                (D) 390 MPa
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12. A metal rod is subjected to a variable axial stress of 

300 MPa. The fatigue strength of the material is only 

250 MPa but it has a tensile yield strength of 500 MPa. 

What minimum value of constant compressive stress 

will provide infinite life.

(A) -50 MPa                 (B) -75 MPa   

(C) -100 MPa               (D) -125 MPa
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200 N/m

4 m 6 m

1500 N

13. A cantilever beam built in at its right end is 

subjected to the loading as shown in the figure. 

Determine the maximum internal shear force 

experienced by the beam.

(A) 200N      (B) 700N       (C) 800N      (D) 1500N
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200 N/m

4 m 6 m

1500 N

14. For the same beam as shown in Problem 13

determine the maximum internal bending moment.

(A) 1600 Nm                (B) 2100 Nm

(C) 2600 Nm                (D) 3100 Nm

NC State                                   E 490                     Mechanics of Solids



40 cm

10 cm

10 cm600 N 600 N

15. A flat steel strap 40 mm x 10 mm is bent and loaded

as shown in the figure. Determine the magnitude of 

the maximum tensile stress in the strap. Select an 

answer from below closest to the actual value.

(A) 1.0 MPa             (B) 1.5 MPa   

(C) 2.0 MPa             (D) 2.5 MPa
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5 m 5 m

2000 N

AB

16. Determine the deflection at the free end (B) of the

cantilever beam shown in the figure. The moment of 

inertia of the cross section is 15,000 cm4 and the 

modulus E is 207 GPa. Select an answer from below 

closest to the actual value.

(A) 0.067cm               (B) 0.67cm    

(C) 6.7cm                   (D) none of the above
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200 KN

1m1m

2 m

A

D

CB

17. Determine the minimum 

safe diameter for the solid 

member CD (Aluminum) in 

the system shown to 

prevent buckling by a 

safety factor of 3.  The

column is pinned at C and

fixed at D.  E = 72 GPa. 

Select an answer from the

four choices below closest

to the actual value.

(A) 8 cm        (B) 9 cm        (C) 10 cm        (D) 11cm 
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1500 N

1500 N

35 cm
Dia. = 2 cm

18. A circular steel rod in tension is

subjected to a tensile load P of 

1500N. For the dimensions as 

given in the figure calculate the 

strain energy stored in the rod 

due to the work done by the 

force P.  E= 200 GPa

(A) 12 Nm           (B) 6 Nm

(C) 1.2 Nm          (D) .6 Nm
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