Homework: Solution of Equation of Motion for the structure of Problem No. 1 (of the 2 story homework) using Modal Superposition (Please SHOW ALL CALCULATIONS).

1. For the structure of Problem No. 1, assume a damping ratio of 2 % in each mode. Using the mode shapes, set up your generalized coordinates uncoupled equations of motion (i.e., calculate the modal participation factor L/M for each mode, and include in your Spread Sheet calculations). Hint: you can modify your Spread Sheet to calculate q1 (using 1 and L1/M1), and q2 (using 2 and L2/M2) at the same time in separate columns.


Use the Spread Sheet to solve for the generalized coordinates q1(t) and q2(t), under the action of the El Centro earthquake (don't forget to include L/M for each mode in your  spread sheet solution, AND make sure the units of your ground acceleration are consistent with the mass and stiffness units you're using).

Using the generalized coordinates and the mode shapes you started with, compute the relative floor displacements, velocities, ad accelerations, and the total floor accelerations (all these can be easily done using additional columns of your Spread Sheet).

Plot time histories of relative displacement and absolute acceleration of the first and second floors, and label your axes (units, floor level, captions, legend, and overall clarity of figure counts). Why don't the two time histories look the same (maybe except for the upper floor moving more than the lower floor for instance)?

What is the peak roof absolute acceleration? Has the ground peak acceleration been amplified? If so, by what factor?

Compute and plot the time histories of base shear force, and base moment (this should be done in additional columns of your Spread Sheet, before starting the calculations, with the force at each floor level equal to mass of this floor multiplied by the absolute acceleration of this floor). 


2. For the above structure, use the Response spectrum approach to estimate maximum floor relative displacement, absolute acceleration, base force, and base moment (use Root Sum of Squares Equation). Clearly show all employed equations, and units. Compare your estimates to the values you got from Problem 1 above.
Hint: ((Ln/Mn) Sdn) for mode n is actually the peak value (regardless of sign) from the qn time history of problem 1 above.

Hint:  For part 1, see the plots below to check your results as you go.
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[image: image2.wmf]Relative Displacement of the First Floor

Using Linear Acceleration Method for Time Integration
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[image: image3.wmf]Base Shear Time History

Using Linear Acceleration Method for Time Integration
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