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Abstract 

A framework for structural damping predictor models for use in the wind resistant design of buildings 

has been developed, discussed and proposed. It is based on a study of the characterization of damping 

due to stick-slip mechanism occurring at friction surfaces at different parts of the building, including 

between primary frame elements and secondary structural as well as non-structural elements. The 

framework can be pursued a number of ways, including by modification of existing structural damping 

predictor models or by curve fitting on measured damping in existing buildings. It is proposed as an 

alternative to existing proposals. 

1 Introduction 

Stick-slip phenomenon, occurring at friction surfaces at different parts of a building, including 

between primary frame elements and secondary structural as well as non-structural elements, has been 

shown to be a mechanism that could indeed describe structural damping in buildings (Aquino & 

Tamura, 2011, 2013). The problem still is that current damping measurements are carried out at 

amplitude levels much lower than those expected in wind-resistant design applications (Figure 1).  

 

Figure 1: Issue in structural damping estimates used in wind-resistant design of buildings. Tip Drift 

Ratio is displacement at the top/tip of the building divided by the building height. 

There is still a significant uncertainty with regards to damping at design-level amplitudes. To address 

such an uncertainty, the current proposals are to use higher wind load factors (e.g. Bashor & Kareem, 

2009) or to use rather arbitrary damping reduction factors (e.g. Tamura et al., 2000) together with 

Amplitude Level
(as Tip Drift Ratio)

10-6 10-5 10-4 10-3 10-2 10-1

Most damping

measurements

Applications

Occupant

comfort 

limits Strength 

design

(linear elastic)
Strength 

design

(nonlinear /

inelastic)

Current damping estimates for wind-resistant design

Damping

Some recent damping measurements

Wind-resistant 

design

mailto:ronjie@gmail.com


6
th
 European and African Conference on Wind Engineering 2 

 

 

 

current damping predictor models. Based on the newer study by Aquino & Tamura (2013) that 

characterized damping based on stick-slip mechanism, a framework for new structural damping 

predictor models has been developed and hereby discussed and proposed as an alternative to the 

current proposals. 

2 Key Considerations and Four Approaches to Pursue the Proposed Framework 

The following are the key considerations behind the proposed framework: 

 Damping measurements are usually carried out at a relatively low and narrow amplitude range. 

 Some damping measurements (e.g. such as that discussed in Section 3.3), which have been 

carried out at amplitude levels higher than typical, show that damping could decrease with 

amplitude after reaching a maximum value. 

 Based on Aquino & Tamura’s (2013) study, which considered as much as a 500% coefficient of 

variation in unknown stick-slip parameters, damping would increase with amplitude but it would 

eventually decrease with amplitude. Some of the cases analysed showed that damping could stay 

more or less constant for up to around 2 orders of magnitude before finally decreasing with 

amplitude, or that damping could have multiple maxima with respect to amplitude, suggesting 

that if damping were measured only for a narrow amplitude range, it is possible that damping 

could increase and decrease again at amplitudes where there are no measurements. 

 It is therefore possible that stick-slip or other mechanisms (for example, damages to secondary 

elements) could increase damping again near the linear elastic limit of the primary structural 

frames under wind loads. But there is yet to be any clear evidence of such. 

 Current proposals (Bashor & Kareem, 2009; Tamura et al., 2000) tend to increase the design 

wind loads, or effectively assume lower damping values, to address the issue of damping 

uncertainty. 

Given such considerations, the following framework for structural damping prediction is hereby 

proposed: 

 Use current known damping values (measurements, databases, predictor models) and consider 

them applicable only to those amplitudes. 

 Assume damping will start decreasing with amplitude down to “baseline” values, unless newer 

measurements can show otherwise. The decrease can be in accordance with stick-slip damping 

theory. 

 Use of the proposed framework can be treated as an alternative to increasing wind load factors or 

using damping reduction factors. 

To pursue the framework, four approaches can be used: 

1. Use “baseline” damping ratios (or non-amplitude-dependent component), obtained from 

measurements at very amplitudes, as values at very high amplitudes near linear elastic limit 

2. Assume that damping decreases linearly starting from the highest amplitude where  damping was 

reliably measured. 

3. Instead of a linear decrease as in #2, assume that the decrease follows that of a one-stick-slip-

component model. 

4. Fit a curve on the available damping-amplitude data using a multiple-stick-slip-component 

model. 
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3 Examples and Discussion 

In Approach #1, the non-amplitude-dependent components of current damping predictors could be 

used. Using Tamura et al.’s (2000) model on a 200-meter high steel building, for example, the 

damping estimate would be 0.6%. The issue with this approach though is that the obtained value is 

only intended for “safety design.” For “habitability design,” the estimate would be too conservative, as 

measurements have shown damping tending to increase with amplitude at the lower amplitudes. 

Approaches #2 and #3 are illustrated by discussing the proposal by Tamura et al. (2000), which limits 

the amplitude to which their predictor could be used to a tip drift ratio of 2x10
-5

, given that the 

damping values were reliably measured only up to such an amplitude. Given that amplitudes under 

“habitability design” (i.e. under 1-year return period winds) could reach up to around 10
-4

 in terms of 

tip drift ratio, and or up to around 10
-3

 under “safety design” (e.g. under 50- to 1000-year return period 

winds), it might be hazardous to assume that the damping measured at a tip drift ratio of 2x10
-5

 would 

be the same damping level at higher design amplitudes. Figure 2, comparing examples of damping 

estimates for a 200-meter high steel building, shows that if indeed damping decreases with amplitude, 

even the recommended decrease in damping when using the current model would suggest almost 

double the damping ratio estimated using the current proposal. 

 

Figure 2: Different damping estimates for a 200-meter high steel building 

 

Figure 3: Measured damping data and, following Approach #4, curve fits using a multiple- (Model F) 

and a single-stick-slip-component (Model G) 
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Following Approach #4, curve fitting is now performed on actual damping data for a 200-meter high 

building in Japan (Figure 3). Two possible curve fits are shown where one assumes multiple stick-slip 

components and one only assumes a single stick-slip model. Using the formulas for these fitted curves, 

damping could be estimated at higher amplitudes. 

4 Comparison of Estimates 

Table 1 shows a comparison of the different damping estimates when using the framework, as well as 

their approximate effect on the overall wind loads. Using the proposed framework, the increase in 

wind loads is only around 20% for “safety design” purposes, which is comparable to the proposal by 

Bashor & Kareem (2009) who proposed to increase wind load factors from 1.6 to 1.9. However, the 

effective increase in wind loads would be only around 10% for “habitability design” applications. 

 

Table 1: Comparison of structural damping estimates for 200-meter high building and approximate 

increase in wind loads relative to use of current damping model based on actual measurements. 

 “Habitability” design 

(tip drift ratio of around 10
-4

) 

“Safety” design 

(tip drift ratio of around 10
-3

) 

Method Structural 

Damping Ratio 

Estimate 

Approximate 

increase in 

wind loads 

Structural 

Damping Ratio 

Estimate 

Increase in 

wind loads 

Tamura et al. (2000), if based 

on measurements 

1.4% 0% 1.4% 0% 

Tamura et al. (2000), 20% 

lower as recommended 

1.1% Up to 5% 1.1% Up to 5% 

Approach #1 -- -- 0.6% Up to 23% 

Approach #2 (calculated)  1.3% Up to 2% 0.6% Up to 23% 

Approach #2 (selected) 1.1% Up to 5% 0.6% Up to 23% 

Approach #3 0.9% Up to 10% 0.6% Up to 23% 

Approach #4  

(multiple stick-slip model) 

0.9% Up to 10% 0.7% Up to 18% 

Approach #4  

(single stick-slip model) 

0.9% Up to 10% 0.6% Up to 23% 
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