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Sub. Structural Dynamics and Earthquake Engineering 

Instructions: Answer all questions. 
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Q.l A rigid mass-less bar carrying two masses m1 and m2 . is supported on two· springs as shown in the Fig. 1. 
Considering vertical displacement of masses m1 and m2 as u1 and u] respectively, derive the differential equation of 
motion assuming small motions ·and hence estimate the natural frequencies and mode shapes of the system for 
following parameters, k1 = 800 N/mm; k2 :::I 2000 N/mm; m1 = 20 kg; m2= 25 kg; L = 1000 mm. (7.5) 

Q. 2 Idealizing the water tank shown in Fig. 2 as a single-degree-freedom-system, calculate the response of the 
system to an excitation shown in the figure .. Assume that the whole mass of the water tank is lumped at the top of 

the tank. Neglect damping. Take, m = 10 kg; EI = 160 N .m 2 Calculate displacement at t = 1 s. (7 .5) 

Q. 3 An automobile is modeled as a single degree of freedom system vibrating in the vertical direction: It is driven 
along a road whose elevation varies sinusoidally as shown in Fig. 3. The distance along the roads between the peaks 
is 35m. If the natural frequency of the automobile is 2 Hz. and the damping ratio of the shock absorber is 0.15, 
detenni.nS! ~amplitude of vibration of the automobile if the speed of automobile is 60 kms/hr. Evaluate the most 
unfavourable speed (for the passengers) of.the automobile.. (7.5) 
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Q. 4 An electric overhead crane consisting of girder, trolley and cable is shown in Fig. 4. The girder has following 

properties: span, L = 30 m; area moment of inertia, I= 0.01 m4; and modulus of elasticity, E =200 GPa; The mass 

of the ·~-olley (m1 )·',the mass being lifted (mi> are respectively 1000 kg ai1d 4000 kg. The cable has a stiffness 3xl 05 

N/m.Determine natural frequencies and mode shapes of the .system. (7.5) 


