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Report on ” The 8th international Advanced
School on Wind Engineering” (IAS8)

(Course A: Structural Wind Engineering)
Date: November 14-16, 2011
Venue: Hong Kong Polytechnic University, Hong Kong, China

(Course B: Environmental Wind Engineering)
Date: November 16-18, 2011
Venue: Hong Kong University of Science & Technology, Hong Kong, China

The international Advanced School (IAS) on Wind
Engineering is one of the educational activities of Global
Center of Excellence (GCOE) Program at Tokyo Polytechnic
University (TPU), entitled “New Frontier of Education
and Research in Wind Engineering”, to provide advanced
professional training in the field of wind engineering. The
8th TAS was successfully held in Hong Kong, China, from
14th to 18th November 2011. It was co-hosted by GCOE of
Tokyo Polytechnic University, The Hong Kong Polytechnic
University (HKPU) and The Hong Kong University of
Science & Technology (HKUST) with Prof. Yukio Tamura
(TPU), Prof. You-Lin Xu (HKPU), and Prof. Tim Tse
(HKUST) as coordinators. The 8th TAS was inaugurated by

Prof. Yukio Tamura, President of International Association

for Wind Engineering and Professor of TPU, Japan. Prof.
Alex P.K. Wai, Vice President of HKPU and Dr. C.M. Koon,
Assistant Director of the Hong Kong Building Department
are honorable officiating guests and gave opening speeches
in the opening ceremony.

The 5 days’ IAS8 was divided into two courses with
different themes: Structural Wind Engineering and
Environmental Wind Engineering. In between the two
courses, two technical visits to 1) The Hong Kong Airport
Core Programme Exhibition Centre and Hong Kong Bridge
Structural Health Monitoring Centre and 2) The CLP Wind/
Wave Tunnel Facility (WWTF), HKUST, were organized
to further strengthen the courses and to provide relevant
demonstrations. 11 worldwide prominent wind experts from
9 different countries all over the world were invited to give

excellent lectures. The details of the lectures were as follows:
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Structural Wind Engineering
Prof. You-Lin Xu (The Hong Kong Polytechnic University,
Hong Kong)
1. Numerical models for simulating typhoon wind fields
in boundary layer.
2. Directional typhoon wind speeds and profiles in Hong
Kong.
3. Simulation of directional typhoon wind speeds and
profiles over complex terrain
Prof. Richard Flay (The University of Auckland, New
Zealand)
1. Bluff body aerodynamics 1.
2. Bluff body aerodynamics 2.
3. Gust factor approach to determine the along-wind
dynamic response to turbulence.
Prof. Yukio Tamura (Tokyo Polytechnic University, Japan)
1. East Japan Earthquake and Tsunami Disaster on March
11 2011
2. Damping devices to suppress wind-induced response.
3. Monitoring techniques in wind engineering.
Prof. Chris Baker (University of Birmingham, United
Kingdom)
1. Thunderstorms and tornados.
2. Wind effects on trees and crops.
3. Wind effects on vehicles.

Prof. Kenny Kwok (University of Western Sydney, Australia)
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1. Wind-induced vibration of structures-with special
reference to tall building aerodynamics.
2. Human perception of tall building motions in strong wind
environments.
Prof. Ted Stathopoulos (Concordia University, Canada)
1. Understanding wind codes and standards: Fundamentals
behind their provisions 1.
2. Understanding wind codes and standards: Fundamentals
behind their provisions II.
3. Understanding wind codes and standards: Fundamentals
behind their provisions IIL
Environmental Wind Engineering
Prof. Chris Baker (University of Birmingham, United
Kingdom)

1. Wind effects on people.
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Prof. Kenny Kwok (University of Western Sydney, Australia)
1. The role of wind engineering in air ventilation
assessment (AVA) for building developments.
Prof Michael Schatzmann (University of Hamburg,
Germany)
1. Properties of urban boundary layers.
2. Experiments in field and wind tunnel boundary layers.
3. Emergency response tool for accidental releases.
Prof Qingyan Chen (Purdue University, USA)
1. Wind in building environment design.
2. Models for predicting ventilation performance in
buildings.
3. Predictions of room air distribution: Solved and
unsolved problems.
Prof Shinsuke Kato (University of Tokyo, Japan)
1. Control of airflow and particle dispersion in hospital
rooms by CFD and ventilation effectiveness analysis.
2. Wind induced cross ventilation with single-sided
opening.
3. Preferable urban wind related with indoor environment.
Prof Matthew Santamouris (University of Athens, Greece)
1. Passive Cooling of Buildings I.
2. Passive Cooling of Buildings II.
3. Passive Cooling of Buildings III.
Prof Ryuichiro Yoshie (Tokyo Polytechnic University, Japan)

1. Energy conservation effects of hybrid ventilation in

JaWEIK®6 FfEHRS
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2011 4F 10 A 31 HiZ The 6th Korea-Japan Joint Workshop
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high- rise office buildings.

2. Influence of form of building groups on urban
ventilation.

3. Technique for simultaneously measuring fluctuating
velocity, temperature and concentration in non(]
isothermal flow.

The 8th TAS received excellent responses from students,
engineers, designers, researchers, scientists and consultants
working in the fields of structural and environmental wind
engineering. It attracted more than 85 participants, who
came from universities, consultant firms, government agents,
and other private sectors, such as the Hong Kong Polytechnic
University, The Chinese University of Hong Kong, City
University of Hong Kong, The University of Hong Kong,
Planning Department, Buildings Department, Highways
Department, Environmental Protection Department, etc.
They are benefited from the two courses via the rigorous
discussions between the students and speakers during and
after each lecture. The IAS8 was evidently appreciated by the
participants, who expressed that more international activities
of this kind should be organized to facilitate collaborations
and acknowledge exchanges.

Finally the closing ceremony was held on 18th November
2011, for which Prof. Yukio Tamura of TPU, Japan, gave a
heart-stirring close speech. The success of the IAS8 was a
collective effort of GCOE of TPU, HKPU and HKUST.

M5 8, FEHEINS 5 HFOFENDY, HREFEIAT
biize AEOFELT, BER T4 Prof. Sang-Joon
Lee XEDVOHREDV D, KFEPLINT TOHARLEE
WMATHEDSMTHI LR, XEDOAE JaWEIK
75 CJK Workshop on Wind Engineering & L, & [Alid
2012 4F 6 HIZEECHfEFEL A2 L5 R EN 2,

Gi-Nam Kim (Hyundai Eng. & Const. Co., Ltd), Wind-
Resistant Design of ULSAN Bridge

Haesung Lee (Seoul National University), Restoration
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of causality condition for the convolution integral of
aerodynamic force

Ho-Kyung Kim (Seoul National University), Estimation of
wake galloping of unparallel cylinders

Hyun-Goo Kim (Korea Institute of Energy Research),
Wind Resource Assessment of Building Integrated Wind
Turbine by RS, NWP and CFD

Wan-Ho Jeon (CEDIC Co.), Development of Automatic
Wind Resource Analysis System by using CFD

Hongjin Kim (Kyungpook National University),
Assessment of typhoon behavior and performance of TMD
by system identification

Ji Young Kim (Daewoo Institute of Construction
Technology), Field measurements of architectural structures
and their comparisons with structural analysis

Jongdae Kim (Samsung C&T), CFD estimation of flutter
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derivatives for plate girder bridge

Yaojun Ge (Tongji University), Wind Engineering Group
in China

Shuyang CAO (Tongji University) Wind Engineering
Study in Tongji University

Haili Liao (Southwest Jiaotong University), Wind
Engineering Study in SWJTU

Chen Kai (China Academy of Building Research), A
new approach for the calculation of wind-induced response:
Generalized Coordinate Synthesis method

Qing-Shan Yang (Beijing Jiaotong University), Wind-
induced Responses of Long Span Roofs

Tomomi Yagi (Kyoto University), Generation factors of
dry-state galloping of stay-cables in consideration of surface
conditions

Susumu Fukunaga (Honshu-Shikoku Bridge Expressway
Company Limited), Results of field observation for vibration
of cables on Tatara Bridge

Yasuo Okuda (Building Research Institute), Damage to
buildings in inundation area induced by tsunami -great east
Japan earthquake

Masahiro Matsui (Tokyo Polytechnic University), Design
tornado for assessing important structures in Japan

Tetsuya Takemi (Kyoto University), High-resolution
meteorological modeling of wind extremes associated with
weather disturbances

Hiroaki Nishimura (General Building Research
Corporation of Japan), Wind damage to metal roof coverings
due to typhoons in 2011

Hiromasa Kawai (Kyoto University), Structure of a pair
of conical vortices and pressure on a flat roof in smooth and

turbulent flows
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The 4th International Workshop on Equivalent
Static Wind Loading FfERe
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Ahsan Kareem (University of Nortre Dame)
Performance of buildings in urban areas under winds
Yao-jun Ge (Tonji University)
Full measurement of dynamic and aerodynamic
performance of a long-span suspension bridge
You Lin Xu (The Hong Kong Polytechnic University)
Wind and structural health monitoring of landmark

structures
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Damping based on stick-slip surface model

Ronwaldo Emmanuel R. Aquino, Yukio Tamura

1 INTRODUCTION

The concept of friction surfaces in structures represented
as stick-slip models has been de-scribed previously in the
literature, for example by Tamura (2006), citing Wyatt
(1977), Jeary (1986), and Davenport and Hill-Carroll (1986).
Current damping predictor models such as by Jeary (1986,
2007) and that presented by Tamura (2006) consider stick-
slip fric-tion as the primary mechanism behind damping
and its amplitude-dependency, but each based their models
more on databases of full-scale damping measurements
instead of on the mechanism itself. Furthermore, as pointed
out by Tamura (2006), the total effect on actual structures
comes from many different stick-slip surface models with
varying properties. At this point, such parameters are not
deterministically known and so these should be given a
stochastic treatment.

The overall primary objective of the study is to
characterize the amplitude-dependency of damping based
on a stick-slip surface model. For this present report,
results from preliminary numerical simulations of such
damping contributions to a simple 1-degree-of-freedom
with 1-stick-slip-surface (IDOF+1SSS) system, as well as
from a 1DOF+6SSS system considering univariate uniform

probability distribution, are discussed.

2 MODEL

A 1DOF system with mass m, stiffness k, inherent
damping c, and N stick-slip surfaces each represented
by an elastic-perfectly-plastic (EPP) spring stiffness &, is
considered (Fig. 1a). This system minus the EPP springs
has a constant, low inherent damping ratio {, of 0.3% and
a basic natural frequency f, of around 9.8 Hz (at k£, = 0), and
is assumed to behave linearly. The model also assumes that
the EPP spring models represent SSS due to non-structural
components only, and that there is no influence of soil-

structure interaction on the response.

o
J
keko
0 d. ‘x
@ (b)

Figure 1. (a) 1DOF schematic; and (b) EPP representation of SSS.



The EPP representation of the SSS is shown schematically
in Fig. 1b. For the initial parametric analysis, different
combinations of spring capacity Q,, trigger displacement d.,
and initial stiffness &, for N = 1 (Table 1) are analyzed one
at a time with the same system. This N = 1 system assumes
a representation of the mean effects of an N >>1 number
of SSS with random properties. An aim for this simple
exercise with N =1 is to gain some basic understanding of
the mechanism and its effect on the amplitude dependency
of damping. Later using Spring Model B (with properties
as shown in Table 1), the system damping ratio and natural
frequency are changed to 1.0% and 6.7 Hz, respectively, to
observe any effect as well.

Finally for this paper, the case N = 6 is analyzed with each
individual SSS » having simi-lar properties (0% variability),
and with totals as follows: X k,, = k3, each d,, = d_z, and
20.,= Q.5 Where ks, d.;, and O, ; are equivalent to the
properties of Spring Model B from the N =1 case (Table 1).
The mean of the individual SSS parameters would then be
kys/6, d 5, and Q. /6.

Since £,,, den, and Q,, at this point are unknown and thus
considered random parameters, additional sub-cases are also

studied considering different levels of variability from their

Table 1. Properties of different EPP spring models to represent
SSS (N =1 cases)

Spring Model ko (kN/m) d.(mX 10%) 0. (kN)
A 10,000 6 6

B 60,000 6 36

D 1,667 36 6

E 10,000 36 36

F 60,000 36 216

H 1,667 216 36

I 10,000 216 216

10

mean values and, for now, a uniform probability density.
In total for this paper, results from 10 cases (Table 2) are
presented. Note again that k, = Q./d. and the summations
Ykon 2d.,, and ¥Q,, and mean values mean(k,,), mean(d,,),
and mean(Q,,) are practically constant for this set of cases.
For all cases, the system is subjected to an impulse
load to create free vibration response over a wide range of
amplitudes, and then analyzed using a nonlinear time history
analysis method with a time step size of around 771000 for
increased accuracy, where T is the basic natural period of the
system without the EPP contribution. Then, the damping
ratio is evaluated from the free vibration response history
using the logarithmic decrement method. Note then that
being results from analysis of a simple, idealized 1DOF
representation only, the amplitude levels are to be viewed

relatively, not in absolute terms.

3 RESULTS

Fig. 2a shows a plot of the damping ratio with the
displacement amplitude for one system with (¥ = 1) and
without an EPP spring. Although not yet part of the scope
of this paper, the amplitude dependency of frequency is also
exhibited in Fig. 2b. Fig. 3 shows repre-sentative results for
damping that illustrate their relationship with the EPP spring
parame-ters. Figs. 4a and 4b show how the change in basic
system frequency or damping, respec-tively, affect the N =1
case.

Fig. 4c shows a comparison between the N = 1, and the N
= 6 case with 0% variability. Lastly, Fig. 5 shows zoomed-in
plots showing where the variability in the different individ-
ual SSS properties (Q,,, d.,,, and k,,) affect the damping most
visibly.

Table 2. Different cases of parameter variations considered for N = 6 and with uniform probability distribution

Case ko, (% var.) d., (% var) Q.(% var.) range of ko,(kN/m) range of d,,(mX10™*) range of
Qen (KN)

0 0% 0% 0% 10,000 1 1
1 5% 0% 5% 9,400~10,600 1 0.94~1.06
2 19% 0% 19% 7,500~12,500 1 0.75~1.25
3 70% 0% 70% 625~19,375 1

0.0625~1.9375
4 5% 5% 0% 9,375~10,625 0.94~1.07 1
5 19% 19% 0% 7,500~12,500 0.80~1.33 1
6 70% 171% 0% 625~19,375 0.52~1.60 1
7 0% 5% 5% 10,000 0.94~1.06 0.94~1.06
8 0% 19% 19% 10,000 0.75~1.25 0.75~1.25
9 0% 70% 70% 10,000 0.06~1.94 0.06~1.94
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Figure 2. Amplitude dependency of (a) damping ratio { and (b) natural frequency f, due to SSS (N = 1).
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Figure 3. Amplitude versus damping, for (a) constant d,. (b) constant Q,, and (c) constant k,. Refer to Table 1 for properties of spring
models A, B, D, E, F, H, and I.
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Figure 4. Effect on damping of (a) decrease in f;, (b) increase in {,, and (c) multiple instead of just one EPP spring.
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Figure 5. Effect of variability of EPP properties on damping (for N= 6). (a) Cases 0, 1, 2, and 3, (b) Cases 0, 4, 5, and 6, and (c) Cases
0,7,8,and 9. Refer to Table 2 for description of cases.



4 DISCUSSION

Regarding amplitude dependency, we can see from Fig.
2 that indeed damping starts to in-crease with amplitude
and frequency starts to decrease with amplitude at a certain
point, say x,, with the frequency dropping back to the basic
system frequency f, (i.e. equivalent to no SSS). At slightly
higher amplitude, say x,,, the damping starts to decrease with

amplitude after reaching a maximum value, say (,, then

dropping back to the level of (.

When x,, x,,, and ( ,, are determined from the plots in
Figs. 3 and 5, x, is found to gener-ally tend to shift closer to
the lowest d_, in N-surface systems, or to the sole d, or mean
den for 1-spring or 0% variability systems, respectively. Up

to a certain level of variability, x,, appears to be a function

m

of d, or the mean d,, as well, and ,, a function of k,.

Furthermore, the spring capacity Q, appears to have the least
direct effect on the amplitude de-pendencies.

Based on Figs. 4a and 4b, the damping contribution
from the stick-slip component, (,,, is found to be
constant regardless of the system inherent damping (
o, for low variability sys-tems, and thus can be regarded as
a “maximum possible damping” associated with the mean
properties of the various N stick-slip surfaces. Damping
amplitude dependency is unaf-fected by a change in system
frequency.

The effect of variability becomes imminent only with d,,
variability and even more so with k,, variability as well, as
can be observed from Fig. 5. Significantly large variability
particularly for both d,, and k,, tends to lower ( ,, xm and
x,. The variability also creates a more linear relationship
between the amplitude and damping for the part where the
former increases with the latter.

Based on Fig. 4c, we can postulate that a 1-spring model

can be useful in that it may rep-resent an N-surface system
with 0% variability in d,,,.

5 CONCLUSION

The initial work presented in this report involves analysis
of a simple, linear 1DOF structural system with contribution
from SSS represented by EPP spring models with mean
and with randomly varying properties following a uniform
probability distribution. It has been found that the amplitude
dependency of damping depend highly on the stick-slip
surface characteristics, and in the variability of these

parameters for multiple surface systems. The results also
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show that after an initial increase, the damping contribution
from each SSS then decreases with amplitude.

Though these results and conclusions look promising, the
authors are carrying out further numerical analyses to add
to these initial results and conclusions, including simulations
with N >> 6 and with other probability distributions,
and including observations on amplitude dependency of
frequency as well. To complement this computational
work, the authors are also currently looking at performing
scale-model experiments, processing data from full-scale
experimental models, and processing data from full-scale
actual structures where the damping contribution from

actual stick-slip surfaces come into play.
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