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INSTRUCTOR'S GUIDE

Introduction to Dynamics of Structures

Structural Control & Earthquake Engineering Laboratory
Washington University in Saint Louis

Objective: The objective of this experiment is to introduce students to principles in structural
dynamics through the use of an instructional shake table. Natural frequencies, mode shapes and
damping ratios for a scaled structure are obtained experimentally.

Contents of Instructor’s Guide

4.0 Experimental Procedure: Sample Results and Discussion

4.1 Random excitation and transfer function calculation
Figure 1: Typical Recorded Time Histories.
Figure 2: Typical Transfer Functions

4.2 Determination of mode shapes
Figure 3: Diagram of Mode Shapes of Test Structure

4.3 Damping estimation
4.3.1 Exponential decay
Figure 4: Free response of test structure in
(a) Mode 1 and (b) Mode 2.

4.3.2 Half power bandwidth method

NOTE: If you do not have the Real-Time Workshop installed on your computer, you must add the
following directory to the MATLAB path before proceeeding with this experiment
(c:\matlabr11\tool box\rtw).
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4.0 Experimental Procedure: Sample Results and Discussion

4.1 Transfer function calculation

Please answer the following questions.
* How many natural frequencies does the structure have?
» What are the values of the natural frequencies?

» Are these values the same in the two transfer functions? Why or why not?

ANSWER

Figure 1 provides example acceleration records obtained from the ground, first and second
floor for the white noise input.

(a) Chirp Displacement Command to (b) Ground Acceleration Record
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Figure 1. Typical time history records for a) shake table command signal, b) acceleration
at ground level, c) first floor acceleration, and d) second floor acceleration.
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Figure 2. Sample transfer function plots for the test structure.

Figure 2 providestypical transfer functions for the test structure.
The system has two natural frequencies.

The natural frequencies of this structure are: 2 Hz and 5.8 Hz.
The two values are the same in both plots.

4.2 Determination of Mode Shapes

Please do the following.

» Sketch each of the mode shapes of the structure.
» Obtain the number of nodes in each mode shape.

» Does this result satisfy equation (35)? Explain.

ANSWER

The mode shapes of the test structure are shown in figure 3. The first mode has zero nodes
and the second mode has one node.
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Figure 3. Diagram of mode shapes for the test structure.
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4.3 Damping estimation

4.3.1 Exponential decay

Please do the following.
* What is the damping ratio obtained using this method?
» Compare this damping ratio with that obtained in 4.3.2.

(a) First Mode Responses (b) Second Mode Responses
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Figure 4. Free response of test structure in
(a) Mode 1 and (b) Mode 2.

ANSWER

To use the decrement method, the following cal cul ations are performed.
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MODE 1: (using y-values from MATLAB plots)

1
floor 1: y, = 0.363 In=%  |,0.363
= 0.348 (= S _ Y2 __0348_ 6.716 x 10°°
& ' 2 2m 21
Y1
floor 2: y, = 0.498 In=% ;0498
= 0.469 (=2 - 22 0489 [9549,107
2= % 2 2m 21 '
MODE 2. ,
1
floor 1: y, = 1.985 In=% 1985
- 1920 (=8 o Yo _ 1920 oo
Y2 = - 21T 21T 2Tt .
Y1
floor2: y, = 1.778 In=2 |y L778
= 1721 Z — é — y2 — 1.721 —|5.186 x 10_3
Y2 = =+ 21T 21T 2Tt d

4.3.2 Bandwidth method

ANSWER

* From the transfer functions obtained in 4.1 estimate the damping ratio using
the half power bandwidth method described in 2.4.2. What is the damping
ratio associated with each natural frequency?

» Compare the damping values for each of the two modes.

» Discuss the advantages and disadvantages of these two methods?

Please do the following.
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Using the bandwith method, the following calculations are performed.

MODE 1: ¢t
(estimating values fy = 1.935 (= 2—2=25%
from plots) f, = 2.035 fo+ fa

MODE 2: -

(estimating values fy = 5.73 {, = 2—2=104%
from plots) f, = 5.85 fot fa

The computed damping values are approximately the same order of magnitude using both
methods. The half-power bandwidth technique results in significant errors when the damping in
the system is small because: 1) the actual peak in the transfer function is difficult to capture, and
2) interpolation is required to estimate the half-power points. On the other hand, the decrement

technique is more effective for lightly damped systems.
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