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Wind tunnel tests and wind-induced vibration
analysis on reticulated spherical domes

On the basis of the require-

ment of wind effects on large-

span structures a series of wind

e
pressure measurements experi-

h'
e - .
ments in ABLWT are conducted

o

o

in Wind Engineering Research
Center of Tokyo Polytechnic Uni-
versity. In two terrain types (ur-
ban and suburban) 12 models (Fig. 1, 2) with rise to span
ratio 1/3 and 1/5 and wall-height to span ratio 0, 1/6, 1/3,
1/2, 2/3 and 1 are measured. Wind pressure distribution on
spherical domes including mean, standard deviation is pre-
sented. Effects on wind pressure distribution due to wall-
height to span ratio and rise to span ratio, terrain type and
Reynolds number are presented. The emphasis of this pa-
per is addressing on wind-induced vibration analysis. A
new way to find out the special mode that contributes most
to the wind effects is put forward. While this mode contri-
butes not only most to the background response but also
significantly to the resonant part.
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91* mode 93" mode

Fig.3 91st and 93rd mode shape

COEmAEE Zhang Zhi-hong

In order to find out this special mode we checked the
correlation coefficient between the dominant modes and
the dominant frequency of the principal coordinates ob-
tained by Proper Orthogonal Decomposition of the fluctu-
ating pressure fields acting on the dome model and the
mode shapes and the natural frequencies of the dome struc-
tures obtained by FEM analysis. Fig. 3 shows the 91" and
93" mode of a K6-6 reticulated spherical shell (rise to
span ratio 1/5, span 30m). The 91* mode is integrally ris-
ing up. It should be pointed out that this mode is usually
speculated as the ‘fundamental mode’ of the whole struc-
ture. However, The order of this mode depends upon struc-
ture type, rise to span ratio, boundary conditions and so
on. The 92™ mode is integrally torsional mode and the 93"
mode is anti-symmetric mode of the whole structure. Fig.
4 shows the natural frequency. Fig. 5 show the correlation
between POD modes and vibration modes. The peak value

is at the 91* order, that is very interesting.
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A simple prediction method on pollutant dispersion
under change wind direction
JSPSHEANFRIFAFRE MF. Yassin

The aim of the theoretical mod-
el for predication pollutant dis-
persion with varying wind direc-
tions in an urban area is to be able
predict the concentration at any
position in the study area origi-

nating from a source at any loca-

tion in the study area for any
wind direction. The mean concentration field downwind
for a continuous point source is based on the generalized

Gaussian Dispersion model.

1. Gaussian Dispersion Model
The generalized Gaussian Dispersion Model for a con-

tinuous point source is written

A e_yz/zavz[e‘(z‘H):/Zcff+e—(z+H):/2crf] (D)
27U0 yo,

where C is the concentration at any receptor located (x,
¥, 2)
Q is the source emission
U is the horizontal wind velocity
x is the downwind distance
H is the source height
z is the receptor height
oy 18 the crosswind standard deviation of the
emission distribution
oz is the vertical standard deviation of the emis-

sion distribution

Gaussian Dispersion Model is valid only within these

summarized constraints:

+ Vertical and crosswind diffusion occur according to
Gaussian distribution.

- Downwind diffusion is negligible compared to down-
wind transport.

+ The emission rate, Q, is continue and constant.

* The horizontal wind velocity and the mean wind direc-

tion are constant.

+ There is no deposition, washout, chemical conversion
or absorption of emission, and any emission diffusing
to the ground are reflected back into the plume (i.e.,
all emission are totally conversed within the plume).

+ There is no upper barrier to vertical diffusion and there
is crosswind diffusion barrier.

+ Emission reflected upward from the ground are distrib-
uted vertically as if released from an imaginary plume
beneath the ground and are additive to the actual plume
distribution.

+ The use of oy and o as constant at a given downwind
distance, and the assumption of an expending conical
plume, implicitly require homogenous turbulences

throughout the x, y and z-dimensions of the plume.

2. New Simple Method for Predication the Pollutant
Dispersion
In terms the environmental impact of plume compo-
nents such as So,, SFs, NOx, and others, the primary con-
cern is usually with their ground level concentrations.
For that case, the receptor is at z = 0 and the ground level

concentration is obtained by reducing equation (1) to:

co_ O -/20)-(HI25))
7rU0'y0'Z

2

Since, by definition, a Gaussian distribution is asymmet-
rical about its mean interval of maximum density, the
crosswind concentrations are always lower than the cen-
terline concentration. Thus, if the primary concern is
with the environmental impact of the maximum ground
level concentrations, the receptor is at z = 0 and H = 0.
For that case, the ground level concentration is obtained

by reducing equation (1) to:

C_ Q

_ e—y2 /20,
nUo 0,

3)
oy and o depending on the downwind distance x as fol-
lows:

o, =ax” )
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o, =cx (5)

We assumed that the constant turbulent diffusion con-
stants b and d equal unity. From field measurement over
flat terrain, b and d are measured to be approximately 0.9
and 0.8, respectively. Taking the averaged values, it is

found that C is proportional to

185,7V /o] (6)

Source

Concentration by
Ci = Cxyx) B2
Cii = Cle,/x) " P72

Gaussian profile =Exp (-¥*/20,7)

Concentration

/by Gaussian model

1

Center concentration

Wind direction («) Y Wind direction (o)

Fig.1: Prediction concentration with varying wind direc-
tions
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The concentration C on the generalized Gaussian disper-
sion model with wind direction w on the Gaussian profile

is written:

O 185 y'/o!
2”U—Cx e )

The ground level concentration Ci at a receptor point be-
tween the source and the Gaussian profile with wind di-
rection at an angle « is calculated by an interpolation
method for the concentration by fitting this relation to
the concentration at C on the Gaussian profile and Ci at
the receptor point, which is shown in Fig. 1.

Finally, the ground level concentration at the receptor

point for wind direction w is then:

€, =Clo ) 185 ®

where (x,y) is the downwind position of the receptor on
the Gaussian profile,
(xi,yi) is the downwind position of the receptor
point with wind directions w,
C is the ground level concentration at (x,y), and

Ci is the ground level concentration at (xi,yi).
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BEYVOREESLVEEEICETS
EfES5E (ICOSSAR ‘05)
B#IR MHER

RRE Y D2 B LOE NI B 2 EIBE 25 (Interna-
tional Conference on Structural Safety and Reliabili-
ty, ICOSSAR) (&, International Association for Structural
Safety and Reliability 2° L T4 412 1 AR SN S
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SN 480 4, Hikbi b7 —<Id, a) Earthquake En-
gineering, b) Materials Damage c) Bridges, Buildings, Off-
shore Structures, Wind, Geotechnical Problems, d) Life-cycle
Optimization, System Control, ¢) Computational Stochastic
Mechanics, f) Structural Identification, Hazard Control, g)
RBD, Aero-nuclear Structures, Fatigue, Lifelines, h) Random
Vibrations EIEF LI IZH7->THY, FN2HIERR
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HFAZR Y ay, 11 DIZIURITL, ISRIVT A AT
variEnA bz,
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- Measurement of wind loads acting on ties for temporary

scaffolds.(Ohdo K., Hino Y. and Takanashi S.) {i %1 1&

YOI E AR N3t § A5 TR AT
- Application of the Extreme Value distribution Type III to

wind engineering problems.(Kasperski M.) 18/ 111 #4453

OB ONT
- The reliability of structures with uncertain parameters exci-

ted by the wind.(Pagnini L.) /N7 v 71> 7B 5

AN E % R L 72 fATT
+ Hurricane loss prediction: model development, results and

validation.(Pinelli J-P., Subramanian C., Murphree J., Gur-

ley K., Cope A., Simiu E., Gulati S. and Hamid S.) KEN

) = AL BREFIRIROFHEE TV
+ International comparison of wind tunnel estimates of wind

effects on an industrial building model: test-related uncer-
tainties.(Fritz W. P., Bienkewicz B., Flamand O., Ho E.,
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+ Testing of structures using the prop-wash from a C-130 air-
craft.(Smith D. A., Mehta K. C., Letchford C. and Zhu H.)
PLZERE D T TR TN LB A -V 72 S R SR

- Probabilistic description of tall building response to wind:
database-assisted design, dynamics and wind directionality
effects.(Fritz W. and Simiu E.) B[ FZERR 5L T —4 X
— A% TCIZ L 72 AT H O

+ Optimal design of a cable-stayed mast exposed to turbulent
wind.(Materazzi A. L. and Venanzi L.) 7 —7 VAT {3
P29 B RAT V2 R L 72 RE R SR O AT &,
W RIR DT — FIE LD O HEK

+ Specification of the design wind load based on a consistent
probabilistic approach.(Kasperski M.)Cook & Mayne %12
£ B\ DR

+ Closed form solution for the principal representation of tur-
bulence fields.(Tubino F. and Solari G.) ELik 3% [ A fH
fEHT (POD) & FIWTAER T 2 F LD %

- Probabilistic wind-induced response of buildings with 3-D
coupled modes.(Chen X. and Kareem A.) ilf: 7 2 i 55 & 3%
ND 3 i Ir O e L 7B E AT
FL13 Directional wind speeds evaluation in mixed wind cli-

mates using modified typhoon simulation method. X7#E9 %
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BEETVORRLEICLZF ) TL—ar e,

POD %z W72 ES DR TT e e R L 2B 2 212D

WTE KL
ZOEIFE &R TR Bikam D TS W it B offf 7 &

DIEHREH, T2, BELOHFREISIUT 72257 5

eI — < OFFOIER, LI A EATE 2, HE

AT G A TN RS H#HEE R LI,

10 ACWE
COERZEE Quan Yong

Tenth Americas Conference on Wind Engineering
(10ACWE) was convened by American Association for
Wind Engineering with Louisiana State University, Structu-
ral Engineering Institute/ASCE, State Farm Insurance, Insti-
tute for Business and Home Safety, Louisiana Sea Grant ,

LSU AgCenter and Simpson Strong-Tie on May 31-June 4,
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2005 at Baton Rouge, Louisiana, U.S.A. In this conference,
there were a strong lineup of technical activities, with over
170 oral and poster presentations scheduled, five invited plen-
ary speakers, 12 short courses for practicing professionals and
researchers, six special sessions/panels/forums, the IAWE Re-
gional Assembly, an AAWE Membership meeting, exhibitor
booths, three technical tours, and a post-Conference tour in
New Orleans.

Four persons in our university, Professor Yukio TAMURA,
COE associate professor Shuyang CAO, COE researcher Zhi-
hong ZHANG and COE researcher Yong QUAN have taken

part in this conference and presented their studies orally.

technical tour to the wind tunnel test lab in Louisi-
ana State University.

FE3
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2005 45 419 ~21 HIZ, 1% International Conference
“Passive and Low Energy Cooling for Built Environment”
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WOV TRELAHIZEEHEL TRfESN 2, S lD%
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A great event of wind engineering was held in Prague
from 11" to 15" of July, 2005. The 4" European & African
Conference on Wind Engineering gathered more than 200
participants from all over the world. 170 papers have been
selected for presentation, ranging from wind and structure
interactions, wind loading, urban wind problems to wind
energy. The chairman, Prof. Jiff Ndrstek's warm welcome
prefaced the conference in the opening ceremony held in
the historical Bethlehem Chapel, where two keynote spee-
ches were given by Prof. Solari and Prof. Baker, followed
by a classical concert and banquet. The conference consis-
ted of the plenary sessions, where the keynote lectures
were given and the parallel sessions in different lecture
halls for speakers to present their papers in various groups.
Prof. Matsumoto, Prof. Wisse, Prof, Kareem and Prof. Bor-

ri were the keynote speakers in the following days of the

COEx—Tvt=7—
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conference. Prof. Tamura, Prof. Yoshie and the author
from Tokyo Polytechnic University attended the confer-
ence to present our recent research in the field of wind
loading, CFD simulation of street-level winds and numeri-
cal study of cross-ventilation. Each presentation was 20
minutes, including 5 minutes of questions and answers.
We have met many prestigious professors and scholars in
the conference and the discussions among us have been
very fruitful. In addition to academic programmes, the con-
ference organisers also arranged a half-day excursion for
the participants to visit a castle outside the city of Prague.
The excursion was fascinating and refreshing. Through the
conference, the communications between universities, re-
search institutes and industrial sectors have been facilita-
ted by the lively atmosphere. We enjoyed the hospitality
of the conference organisers and a variety of excellent pre-
sentations. Finally, the closing ceremony concluded the

conference and left beautiful memories to all of us.

ACOEZ7OUS LTI, ELF-THEELIMTEBCOEA—T>IF—%FEL

TWEY,

%970 20055 5H20H (1) 14:00-17:00
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W EEE
Prof. Partha Sarkar
(Aerospace Engineering and
Engineering Mechanics lowa
State University)

W EEZIN
Velocity Measurements in a
Laboratory Tornado Simula-
tor and their comparison
with Numerical and Full-
Scale

)

HEEE
Prof. B. Bienkiewicz
(AOZRMILKZE)

W EEIAN
RECENT WIND ENGINEER-
ING RESEARCH AND EDU-
CATION AT COLORADO
STATE UNIVERSITY - A Se-
lective Overview in Context
of US Initiatives to Reduce
Wind Losses
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The 2nd International Symposium "Wind Effects on Build-
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