Simplified TLD Design Example

The design of a TLD system is not an exact science.  The basic parameters at your disposal as a designer are the tuning frequency, which comes from the water depth per tank, and the equivalent damping ratio, which is a function of the tank length.  The water mass is set at a ratio that is usually 1% of the total effective (i.e., above-ground) mass of the structure.  For the tank, you will not need to worry about the mass displacement boundaries as you do with the solid mass damper because the water sloshing is limited to the tank length.  Below I have outlined one process for designing some tanks.

1. Identify basic building parameters:

a. For original structure, identify structural displacement of 
[image: image16..pict] [or acceleration] to be targeted for reduction.  

b. Identify modal [effective] mass.  For example, assume  
[image: image2.wmf]
c. Set mass ratio 
[image: image3.wmf]
d. Identify target reduction of X%.  This is a function of the NSD damping parameter, 
[image: image4.wmf].  See figure below [Wakahara, (1998)] for acceleration reduction.  As an example, for 30% reduction of peak acceleration (that is, the ratio of “with TLD to without TLD” = 0.70), the chart tells us that the required equivalent damping 
[image: image5.wmf] for a modal mass ratio defined in 1b of 0.01.

e. Identify 
[image: image6.wmf]
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Plot from Wakahara, 1998: Shimizu Technical Report [in Japanese].  Again, the equivalent damping ratio is denoted as 
[image: image8.wmf].

2. Select tank length on basis of room available.

3. [image: image1.wmf]Calculate water depth per tank, h0.  It is a function of the frequency (1e).

Note: the parameter 
[image: image9.wmf] is not the damping factor .  Sometimes people get the two mixed up because they look alike.

4. Select tank height based upon ho; i.e., leave room for sloshing.  Typically the height of the tank is four times the water depth.

5. Find NSD damping from Wakahara plot provided above or other source [e.g., McNamara, (1977)].

6. Check to ensure that the damping is consistent with the tank parameters – see Yu figure below.
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where the nondimensional amplitude 
[image: image12.wmf]
Note that this figure implies that the highest damping value possible with water is 25%.

7. Iterate 2-6 as needed.

8. Calculate the number N of stacked n tanks through


[image: image13.wmf]
Note that B is usually one-half of L.

The frequency plots work with an approximation of D=1.17L.

Trouble-shooting:

What if you can’t achieve the desired damping value with your umax and L values?  You add floating particles!  This increases the damping of the water sloshing.

In class example

Design rectangular tanks for a building with the following parameters:
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