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Abstract

In this paper a scheme which can preserve dispersion relation for the convective terms is
proposed when solving the two-dimensional incompressible Navier-Stokes equations on
non-staggered grids. For the sake of computational efficiency, the splitting method, are
employed in the predictor and corrector step respectively to render the second order
temporal accuracy, is used within the framework of immersed boundary method to simulate
the body in the flow field. The flow over a square cylinder is studied to understand how the
flow can affect the cylinder.

1. Introduction

When solving the two-dimensional convection-diffusion equation, the dispersion error, which
is defined as the difference between the effective and actual wave numbers, can't be
completely eliminated. A reliable scheme for solving the practically and academically
important convection dominated convection-diffusion transport equation and Navier-Stokes



equations at high Reynolds numbers must have the ability to avoid convective instability.
One theory that may be adopted to enhance convective stability is to make use of the
dispersive nature of the investigated first derivative term [1].

The scheme used for the approximation of convection term can preserve the
dispersion-relation if it accommodates the same dispersion relation as that of the original
first-order partial derivative term [1]. This relation, which is derived by taking the spatial
Fourier transform of the first derivative term, enlightens how the angular frequency relates
with the wavenumber of the spatial variable [2]. The main reason of employing the
dispersion-relation-preserving (DRP) scheme is that the dispersiveness, dissipation, group
and phase velocities of each wave component supported by the first-order derivative can be
well modeled [3]. In the above light, we conduct in this paper the standard modified equation
analysis, which involves truncated Taylor series, together with the Fourier transform analysis
[4], which enables us to derive the same or almost the same dispersion relation as the original
partial differential equation, in the approximation of convective terms.

This paper is organized as follows. Section 2 presents the working Navier-Stokes equations
in primitive variable form. This is followed by the presentation of the rationale of advocating
the segregated solution algorithm on non-staggered grids. Section 4 presents the splitting
method for the sake of computational efficiency and section 5 describes the two-dimensional
DRP scheme for the approximation of first-order derivative terms. Section 6 presents the
simulated results, by which the proposed DRP upwinding method is validated. In Section 7
we give concluding remarks.

2. Working equations

In this study we investigate the incompressible viscous fluid flow, which is governed by the
continuity and Navier-Stokes equations for the chosen pairs of primitive variables (u, p):

V-u=0 (1)

ou 1_,
=+ (u-Vu=-Vp+—Viu+
o (u-V)u=-Vp me” & S (2)

Given an initial divergence-free velocity field, the velocity vector u and the pressure p are
sought subjected to the boundary velocity. The length is scaled by L, the velocity components

by u,, the time by L/u,, and the pressure by pu ’, where pdenotes the constant fluid



density. The Reynolds number Re shown in (2) appears as a consequence of the above
normalization.

Momentum equations can be solved together with the constraint equation (1). With this
unconditional fluid incompressibility, the resulting matrix system may be ill-conditioned.
Under the circumstances, the convergent solutions for (u, p) become very difficult to obtain
using the computationally less expensive iterative solvers [5]. In certain cases, the peripheral
storage for the matrix equations may exceed our available computer power and disk space.
These drawbacks prompted the use of Pressure Poisson Equation (PPE) approach [6] to
eliminate the difficulty encountered in the mixed formulation. Within the segregated analysis
framework, the equation for p is, thus, derived to replace equation (1). By applying a
divergence operator on equation (2), we are led to derive the following Poisson equation:

V2p=V[—%+éV2a—(a'V)a+ﬁ 3)

The above PPE approach is subject to the theoretically rigorous integral boundary condition
[71

Equation (3) is, therefore, computationally more challenging to be dealt with. For this reason,
we adopt in this study the conventional differential type boundary condition given below:

P _you, Lo :
=l e Vi@ Vu f1n (4)

In the above, n denotes the unit outward normal vector to the domain boundary.

3. Immersed Boundary method

The immersed boundary (IB) method was originally developed for flows around flexible
membranes, such as the flow in the human heart by Peskin [8]. The concept of the IB method
lies in the definition of the immersed solid boundaries. When fluid flows pass over a body, ea
normal force can be exerted on the no-slip surface. Also, the fluid can exert a shear force too.
Conversely, the surface exerts a force of opposite sign on the fluid. For the no-slip case, the
localized force brings the fluid to rest on the body [9]. In other words, the effect of boundary
condition can be remodeled by an external force rather than by the specific boundary. Hence,
instead of using the complicated boundary fitted grids to define the body in the flow, the IB
method mimics the body by a suitable force and is applied to the momentum equations on



Cartesian grids. In the present study, we follow the direct forcing idea of Fadlun [10] to
simulate the flow over a square cylinder problem.

4. Discretization of incompressible Navier-Stokes equations on non-staggered grids

Use of staggered grid approaches, which have been successfully applied to suppress
oscillations arising from the even-odd coupling, increases considerably the coding
complexity and may consume more computational time. This provided motivation for
discretizing the partial differential equations over a domain where velocities and pressure are
both stored at the same point. In the non-staggered mesh, Vp must be well taken care to
avoid spurious oscillations in the pressure field.

Our idea behind avoiding the even-odd decoupling solutions is to take the nodal value of p;
into account when approximating Vp at an interior node j. With F; = h p,|;, where h denotes
the uniform mesh size, one can calculate the nodal values of F from the following implicit
equation:

GFa+6F+el, 1 =¢ (Pj+2 - Pj+1) + ¢ (pj+1 - Pj)
+ G (pj - pj—l) +¢ (pj—l - pj—Z)

(%)

The readers can refer to [11] for the expressions of c1~c7.

5. Splitting scheme for Navier-Stokes equations

When solving the momentum equation (2) for the velocity components and Poisson equation
(3) for the pressure, a considerable iterations is needed to reach the convergence for the
equation nonlinearity. To avoid the excessive computing time, the predictor-corrector
splitting scheme will be employed together with the explicit treatment of pressure term [12].
In the predictor step, the predictor velocity is solved using the 2nd order accurate
Adams-Bashforth scheme; In the corrector step, the momentum equation is solved using the
2nd order accurate Adams-Moulton scheme. Also, the 2nd order accurate Adams-Bashforth
scheme is employed for the pressure term. This is followed by solving the Poisson equation
for pressure (3) using the updated velocity to complete the calculation within one time
interval.  Note that the above splitting algorithm involves only two
convection-diffusion-reaction (CDR) scalar equations in the corrector step and one Poisson
equation. No iteration is needed.



6. Dispersion-relation-preserving convection scheme

Considering the following semi-discretized constant coefficient convection-diffusion-reaction
model equation:

¢ +ag, +bg, —kVip=f (6)
At ! g -
In the grid system schematic in Fig.1, the first-order spatial derivative terms shown in (6) are

approximated as follows in the case of Ax = Ay = &. Take the case with a > 0 as an example,
¢. can be approximated as follows

[

P = _(al¢i—l,j—l a0, 0t 300 T AP T a5¢i,j + a9,

" (7)

+ a7¢i—1,j+1 + aa¢i,j+1 + a9¢i+1,j+1 + a10¢i,j—2 + all¢i,j+2 + a12¢i—2,j)

By applying the Taylor series expansions for ¢, ;, ¢, ,,, @ .1, @ .20 P14, the leading

1

eleven error terms ¢, 4., 4., b, b, b, bys bys bs b5 b, Will be

eliminated to make the scheme to have the spatial accuracy order of three. One more equation
is required for uniquely determining the coefficients a;~ai> shown in (7).

As convection highly dominates diffusion, approximation of ¢_to retain dispersion
relation, which signifies the relation between the angular frequency of the wave and the
wavenumber of the spatial variable, is essential for an effective suppression of the possible
convective instability in the course of approximating ¢_[13]. It is, thus, desirable that the
right hand side of (7) was made to have nearly the same Fourier transform in space as the
original partial derivative shown in the left hand side of (7). Within the DRP analysis
framework [1,14], which has been applied with great success to approximate ¢ within the
one-dimensional context, define firstly the Fourier transform and its inverse for ¢(x,y) in
two space dimensions as follows:

+00+00

a(a,m:(zjr)z [/ [ 9, )e Py ®)

—00—00



+00+00

#x.v)= [ [#(a Bl dadp 9

—00—00

By conducting Fourier transform on the terms shown in both sides of (7), we are led to derive
the first component of the actual wavenumber vector o = (o, f)

_I i i . _ i
o z—(ale i(ah+ ) +aye i +a3el(ah 5h) +ae ih + a
h

(10)

+a66iah +a7e—i(ah—ﬂh)+aseiﬂh +agei(ah+ﬁh) +aloei(—2ﬁh) +allei(2/;h)+alzei(-2ah))_
In the approximation sense, the effective wavenumber &in & :(&, E) can be regarded as
the right hand side of (10) [1]:

il
h

o~ (ale—i(athﬂh) +aze—iﬂh +a3ei(ah—ﬂh) +a4e—iah + a

(11)

iah —i(ah—ph) iph i(ah+ph) i(-21) i(2pn) i(—Zah))
+ase +a,e +age” +aye +a,e +a,e +a,e .

where i=+/-1.

To demand « be close to «, it is rational that \ah—[x“h\z (or its integrated error E)
should approach zero in the following weak sense [1,2,13]:

E(a): j. j-‘ah_&h‘zd(ah)d(ﬂh): j. .ﬁ?’l _771‘2“’71‘172 (12)

)

™|
NN

where (y1, y2) = (ah, ph). In the discrete system for ¢_, the modified wavenumber range
should be sufficient to define a period of sine (or cosine) wave. This explains why the integral
range shown in (12) is chosento be —z <y,,», <z.To make £ a minimum value, we enforce
oF

Yt 0. The readers can refer to [15] for the expressions of a;~a.
dg

7. Numerical study - flow over a square cylinder.

The convection flow problem schematic in Fig. 2 is investigated at Re = 200 and 1000, which



are calculated with L chosen as the characteristic length. Uniform mesh 301x151 is employed
in the domain 0 x 30, -7.5 y 7.5. The simulated solutions are compared well with the
other simulated solutions given in [16~20] and are tabulated in Table 1~2.

8. Concluding remarks

The two-dimensional dispersion-relation-preserving convection scheme is presented to solve
the unsteady convection-diffusion transport equation. To validate the proposed scheme, both
high Reynolds number lid-driven cavity flow problem and natural convection problem in a
square are studied. All the simulated solutions are shown to have good agreement with the
benchmark solutions.
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Re =200 Cq St

Davis and Moore [16] 1.710 0.165

Franke et al. [17] 1.600 0.157

Pavlov et al. [18] 1.560 0.156

Present 1.742 0.1525

Tab 1. Comparison of C4 and St for flows over a square cylinder at Re = 200.



Re = 1000 Cq St
Norberg. [19] 0.13
C. Dalton, W. Zheng [20] 2.5 0.15
Present 2.261 0.1495

Tab 2. Comparison of C4 and St for flows over a square cylinder at Re = 1000.
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Fig.2 Schematic of the flow over a square cylinder.
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Numerical Evaluation of the Effect of Building Layout on Turbulent Flow Field
in Urban Street Canopies

%@%1§;§25%a
Tsang-Jung Chang' Wei-Hua Huang® Yu-Ting Wu’

IRz S# 84 55 a1 28 ek
2R CHAFAFRE PRl EE AL
3 o B B4 SRR AR MR aE ] R

# &
i’i‘_& & o **slgrs—ri teng Bpng o LR :Jgrs—ri LR FSIR KR ;"rs—r‘; .41
T T PR A S H VR s e Qg N p s 22 *— 47”%;4:5 LHEs LS B #imﬂ Pa;}%

P NEIE RIELRER SRS @@aj ”%F—a‘ e 50 HRITE AR

S ES i% BhFHFHOPE AP ERFEINLF l%s‘a‘%iF'“ *% 7% (opened) ¥ = @‘
;¢ (staggered) % = fé i :ﬁl#ﬂii#k 7|3 3 '\ ZZREBRBRFZAPM IS EE URgPH
PR AFTH-ZBRZAFPHEFIRRLFNIELS T REY L% € fn 5 (large
eddy 51mu1at10n, LES)fe & 7 *T48 42 (finite volume method) * 447 Navier-Stokes #7741
S 28 £ 2 SIMPLE 2 & Rj3iE B 2 R4 »iea REPAFRZ BRI RN S
BHER S HP SRR LR L RE R4 155" (subgrid scale stress model,
SGS) 22 18 4 % Hc(wall function) k WA B g T i o RFT T 912- 5 2 = WA AR
B h ¥ Hanna ¥ (2002) b Fid%k2 S5 wS&E Vo BnFFdieindnhk -
Bl ~ BA R RIVEARE NS HPIET AR R ER -

MA 3R AR ARHEUE 7 UM C FARER B

Abstract

With the increasing tendency toward urbanization recently, the urbanizing region
nowadays can be compendiously divided into opened and staggered street canopies. These
two different types of street canopies can obviously cause different impact on turbulent flow
fields around the street canopies. Therefore, this study adopts computational fluid dynamics
(CFD) technique to simulate three-dimensional environmental flow and to clarify similarities
and dissimilarities of turbulent flow around opened and staggered street canopies. The
present study uses Large eddy simulation (LES) matching the finite volume method (FVM)
to discretize the governing equations of our numerical model. SIMPLE scheme is used to
adjust flow field to satisfy the continuity equation. Large eddy simulation together with the
subgrid-scale stress model (SGS) and the wall function are adopted to model the turbulence
flow. The numerical results in this study are verified by the reliable wind tunnel tests given by
Hanna et al. (2002). The complex turbulent structures in street canopies such as turbulent
boundary layers, wake flow, pressure gradient zones and vortex shedding are demonstrated.
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Keywords: Computational wind engineering, Large eddy simulation, Finite volume method,
Street canopy turbulent flow field.
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o 4 %‘3 (Computational F1u1d Dynamics * CFD)= % { P § #2213 & S0y o 2
- o FN AR R AR S R RS 2 2 R U R S S
7?%#’”%15 %ﬁ#k |2 NI b B LR ITRE R o

FHMEASFEB L F2 HEF Y ? > Chang (2002) ~ Chang % (2003) 22 Chang
3 Wu (2003) #* = iff it § o %s‘f;(\F é:ﬁtiﬂd,p\ B b ¥ o Hanna ¥ (2002)

R R R R b E A Fﬂ7ﬁ9&%~wm RT3 BT

;__F’“ “‘I‘\L"‘ AP 3P iFE L2k (street canopy effect) AR NER Y i\mﬂg
Ao (2001) @ * 3+ 44 2 5 UL A% (finite difference method) fiz & + iff 2
%‘"&1‘3‘—} ERRPE R str%&f‘%@)f"~ FORBASH SR Y L2 MR
BEEE ORI - BT R4 #5° (Reynolds stress model » RSM) %2 = ‘&
K-35\ KM EHRBELF TS HEE F345822 1 £ - Cheng (2003) % £ 1t
B RCRE 2 koo 08 fs S MY TiRER . B %A 2 @R LES
WHEZ K- P B

(\L (xx,

21‘31':'
f2it o~ = ‘a‘_f;fi LES *ﬂ-*ﬁ_s A2 30 ‘%%W"t’%” E 14 ‘gtna1 jﬁ‘- A éﬁll}él pﬁi 0 'FT E
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ou.
—L =0 2-1
ox (2-1)
u. ouu. D 20 or.
ou o, _10p . OU 9%y (2-2)

ot OX; P OX, OXay  0X;
cE =123 SRR A Xy 2z e 2R U A N R A RE R U
Vs W3 w0y E R e iE R R F B (kinematic viscosity coefficient )
(v=L72x10""% o )> PAZF R’ » 055 F %A (p=1I18Y. ) 7, 5 TeE:¢
B3 &+ (subgrid-scale stress) # 77 4 :
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=2v; Sj (2-3)

Tjj
v =(C,A)28;S; (2-4)

u. ou;
%:lﬁi+_ﬁ (2-5)
2\ 0x; o

1
B oo s T 0 S 5 ¥ % ¥ (resolved strain rate tensor) » vy & =% $ $a Hi05%

¥ /& 2 ¥ (Smagorinsky eddy viscosity ) » A= (AXAyAZ)% SEAIMAE A P T EL )

C, d it thlfce At @i skenb E b iBAe? > 2 Bifict 9420015022
B AN % 0.17 5 5%k Hanna (2002) 2_ b JF 325k & o

e Hre e A& iRt 5 UM A2 (finite volume method ) i {7 #iciE 3+ & K fEin

o BB NERE ERRE S N AN ARRSPY SARTRRS D Rt =
EHEERG I AUMTRELE S v HETERAS R VBN RRE FRRE SR
EFRFEFENUHNFHMANED TEAL G E T ORGSR LI i
BRArBa RS BFRGFA R fngadcd 2 18 F % 4R LR A8
4 B 1 SIMPLE # ( semi-implicit method for pressure-linked equation > SIMPLE )- SIMPLE
o KR B RN AL Ll RN BRERIEPRS LD FED PR 4
fRAr I eng RS a B RS AN RERFER SR EFTE TR TR K
* & B (segregated ) 3t E 22 o fﬁ{]‘xﬁii BRE2 i PEEF > F > AN EL
RAE BEEREE B G gnG R G A F DGR 2 FEER
(non-slip condition) » » i@ 24~ » jRig B> NIEER R BRERFRLZE - ¥
bR AT R R 4~ B35 Sdic (wall function ) > EHE S S T HE > H N 4o
T (Zhang %2 Chen > 2000 ) :

P
B

A=(1-exply* /25)(AxayAz)"? (2-6)
yr Uy (2-7)
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Al 6B MERE R B3% 2 H 2 HEZ S0mm: & B Mz FEEL
He »7ik i 5 $83] 5 -

u(z) Z 1029

uH—M) (3-1)

-27-



#e Uiy 505m . H ;;e:—;éuv’»% B w33 % #Re, =2.5x10° o Bl H 4
ﬁ_Y_1751’Ill’Il e hk B 3 ¢ Fied (wake) o ¥ Y=325mm Ao R
SR P LS (gap) Bl 3.1 (a) #77 » bk @ Fin2 it - 24N E AP
4 Y=250 mm £ Y=375 mm jaB% = E AL =8 AW 5 Bk (wake) v
% (gap) 4o@ 3.1 (b) “r7 « H3 ﬁ%@%%zﬁ;ﬁn%ﬁ@;&w B 5% doF] 3.5 %
65T o KRB R E T v AT 22 AL HRER FF O T E e R
AN 2 TR B R B e

® e

Eye F'* \4

IG5 &
2 w

pe

-t)%af#f;,.
L) Hﬁr#—%7ﬁﬁﬁ@$& RARIES 33 2 0 FERES SR
T-8 K o B F RP25 ’ Mﬂf%&f”#%x; AHEBR T oWEREVIHEZ AP
HOoHE ST BRL20 v 2 AP EEASFTIERSRDI D c B4 S PR
PHEHEC2Z = 'B\-fi’T Bl ﬁ—%ﬁpi bk T rf”}jzﬁ‘#’m‘r’&m PP N S BNEE
P (31) N oAU, s R E25% CHIERFEA 25m -
TR EZBREL SR L EANRE A 2 P T 00Rg > 5 LES Xtk
*o3 %%WW%M 0.058) > 3+ B PR 5 600 f) » T ¥aiiid 5 12000 & B P i i@ #7
Tiam @ od Wz ARSI a2 HUARAS TR B42 Lk FE R EFRRE A Y
BN BEIEN AR E L ZZSmEE? XY Tgee B0 mE B 43 % 33 B
w & RIAR
B A H AR R FL R vz%;@nfwﬂé»-;ﬁﬂ?;pi
T N

)

@m\i WM

\

o

i‘ﬂl

F_

FliE A 4 enpe *”zf@
ST HBERBRE o

AA A - D PESER R P EAL D i RN R S A

TN ERP LS ’%’“F’“i;ﬁl‘ = LR :ﬁuwiw X N U L ] Jg Fr
WA AT ER AR e R R Vb AR S '—’r’iﬁ il A AL
A2 HEERERFN > GEFFNAFALIEAS DR LA AFBERASFN S
Y AT g IR R T EREASFESME AN ”ivviw BB R
Mg MR F TR G R ERPFEBLFFERLI RS N e TP R
M RERP RS o MR ERP R I RI R R B
BRIZASFHERA NPT FaIEAF AL R FornnE kR 2
AP (e L PR anfineg R v ST A2 TREERE S0P T AF AR
"'{@:‘ﬁ#%;#ﬁ"’xi 5 ek Y g PL g A o

SEFEHH
F;’;.“”?’{;\l@;ﬁ;ﬁi‘i#k’ —%—\‘.ﬁ“rﬁ‘r tt/:rfé)f@m)‘m E.,%E,] '%\'41\?3/1’/” T /Qo 2R
MR FPIERASIER A AE RS E S AL ER 0 P ARITFR G :55#35 B f;
A BN A2 TG B z=2m (T 0 KB 5.1 (a) fo® 5.1 (b) P v—g
Fio> AL MBRE AL MBRTE 2R -
AHEFEAFES - CZPREAFEY S e REAPPIG 0§ 2 INELE S
- PR EFAL O ETARLE S SRR R BN E A HE B
TAAZ RS R - RAANEZEASE D o - BREBFARFLALR A z=2m

;&a

N,



FEAT RS (c) RinAE - BS1(d) 2 FHEREZER - RART g
PORFAREALES L3 B » &d RGERAFFS LI G - PEAF RN D
B &Erm'ﬁ = f[;:,tg%;ﬂ;,g 2o R EF - BBHARE S BEAL LSRR DR
?ivm@ #?%#N<AFﬁ%§4ﬁ%lbﬁ§iﬁﬁﬂu%m% B!
$r 18 wﬁfi:ﬁm GFEF 0.1 ~04m, 0 » i e e s RlEZ AP fgaEs kPl
APFE2ZE> B PEAFHELESIL AL FR -

54 2 Rk

1. Chang, T.J., 2002, Numerical evaluation of t}‘ze effect of traffic pollution on indoor air
quality of a naturally ventilated building, J. of Air & Waste Manage. Assoc., 52,
1043-1053.

2. Chang, T.J., Huang, M.Y., Wu, Y.T. and Liao, C.M., 2003, Quantitative prediction of
traffic pollutant transmission into buildings, J. of Environment Sci. and Health, A38,
999-1014.

3.  Chang, T.J. and Wu, Y.T., 2003., Wind-driven rain trajectories around street canopies., J.
of the American Water Resources Association, 39, 545-562.

4. Cheng Y., Lien, F.S., Yee, E. and Sinclair, R., 2003, A comparison of large Eddy
simulations with a standard k-e¢ Reynolds-averaged Navier-Stokes model for the
prediction of a fully developed turbulent flow over a matrix of cubes., J. of Wind
Engineering and Industrial Aerodynamics, 91, 1301-1328.

5. Hanna, S.R., Tehranian, S., Carissimo, B. and Macdonald, R.W., 2002, Comparisons of
model simulations with observations of mean flow and turbulence within simple
obstacle arrays., Atmospheric Environment 36, 5067-5079.

6. * %% 2001 T MEZAFEER F SR g\v WEmy PR B EREEI R
BFRTTHLEmS o

-29.



000
OO0
minlnln
O F P

1o —
Phmm

1050mm

'_

450mm

(a) iR - 25t

(c) = a7 & Bl-F st

B 3.1 Hanna %

zH
w

O experiment
— simulation

-30 -

2 (2002) b 3RSk 4

Wind

'
minlnln

HpEEEEENE
HEEEE.
Ooromo

L 4‘

3Timm, —'

1050um

S

AR B - % 4 5N

jo
4
;
.0
‘/
/B
s
// 0
70
K
gl
-0
=TT h &+ -+~ simulation
N o
E:p[r"”ﬂ E O experiment
g ‘
-0.2 0 02 04 06 0.8 1 12 14 16
u/uH
=
b }2& ‘/rl‘- \gF

18



150 200

(b) 245

100

AR )

P

)

a

7
231 -

200 70
B 4.2 R w

(a) Bazst

150

..... ,‘m/m_/u/u ,m M « 1 \ . " \
NI =k S o
/N X s SO T
\ Tn# * . ,’/.__.,_,, \\,h\_., o _ﬂ ____‘
D.A/ -/:F LI bl N ” ) \\ e L - ..r”.\m “ __I_.
Cow T m Vh .
P P g V1 L
q ooyt L] - 4
RS 7 N AN N
s {s @ ~ NN 7
: ok el . IR AU N
] = 2 RASEREY [
Y M — L Vo .___x \H J/ \_____,.
s N ) .
& B BE
5| =
mw,ﬂ% u - ,kw ././ | ..// 4
i = 77 ,\\ RN NS :\
WHH A7/
+ e ._,_4_?___a_.,F_J.‘_/_i_/_",_..,_H_H_W_R_?_ _.:_/:.__;_Z_i;\_ ;
: %, & S8 8BREBBSRBRE S
o < - ~ - P ey e TR B R >1 SO =
HZ I% —_#
13 s
~ K
oo o, < #®
e fe 7 ¥ il p
.//O ,_\-e a.. _
,./M i ° iy — .,___ﬂ.ﬂ_f ]
\ > \w‘.. h‘* /__
? ~ ~ ey o
A N @ :urffurl\\\ ___:.‘_ _:_ ! "]
o B m Jrrfff.r\\__‘____hﬂ__ﬂ__ﬂ____ Nh
\ [ 7 afr,:f:...__ ' A
.| 8 : B ”,
' bl P REIY p
o - ) ___::___ _____
Potel W i ki T
o 3 < —~ I \wﬁ“ I.w
\ o E . ol
\ ~— LT g P
% x - ; i o
2 = . :
Cagy| 43. ”__ '
|
- ik _
NER ot T
]
w n




- — o
- e —
- . )
B e e L S -
. S .
1mof _ . - _ o e
L e e = W S S e

250 F
5200
[ )
150 =
100 g%
50: =
D_
(a) B2zsV 4Rl (b) ' kA% EH
mn;
250 |
200 =
150
100
&0

(a) 2% mam (b)) 24 ERALAEEER
B SO B} EIGENEAFFE 2 I FEES

-32-



F- B 2Rb AR E AL 8B >2005/10/21
The 1% National Conference on Wind Engineering NTOU - Keelung - Taiwan

R & T2 ERFHES 2R P

PR ALY ARl FRRT ALY e F TR

F &

— AF FK;;’}“;/"L‘ é’"é"*”xﬁlﬁiﬁ-"’ : )Fﬂfgﬁ*‘§@%4 A B A BRA A2
Mz CFD BV RE E T By f B A Jfg_*ﬁ, LR L B R R 4 LB
Wik Fgd AR R GE(F C ARRILE) NI FTF(Ee ST 9 5 B E )L
o R A RFUFHIREP T F RS Z B AR 2 RF

AYHERFeEEHEARENE @ F D LR FE R
FREHTARE 2 gy SR FUE D RF E ST ARG %@%
]{Kii@J%HrW@J,Héﬁ-g#‘g&;:%E?él’g—ﬁlf‘!,* Mo B - A
R EWQ*@@H#’#J@* CHPTRAREGE LS T B AR R
TR RIBPT LEY R R PRER I A EE DG ﬁ:fs,/n\ﬁ’a
LER L RGEFE - WA ITIM o B8 P32 = e T R

M@;{J: ﬁ}i\fﬁi mi\ﬂ]é‘i\gﬁi % ~ R iﬁ‘i.f‘?i"

The air pressure and ventilation effects by by-pass relief pressure way in
underground tubes

HWANG Kuo-Lun

Senior research scientist, Sinotech Engineering Consultants, INC.

Abstract

A CFD model is used to simulate long underground tubes and stations for discussion
amplitude of pressure surge and effecting of ventilation shafts. One-way traffic on down truck
and two-way traffic on double trucks are simulated with or without by pass relief pressure
way.

In this paper point out the pressure could excess the pressure criterion when opposite
trains running on each truck. By pass relief pressure ways are not necessary in the station
having platform doors for control pressure.

Key words: ventilation, pressure surge, railway, tunnel, shaft, by-pass way, CFD
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The air pressure and ventilation caused by different train speed in
underground tube

HWANG Kuo-Lun

Senior research scientist, Sinotech Engineering Consultants, INC.

Abstract

Pressure surge caused by train move in long underground tubes. The strongly pressure
change could cause passenger uncomfortable. The pressure magnitude is related with the
ratio of cross-section of train and tunnel, the train length and tunnel lay out.

In the design stage of underground tube, different train speeds always are asked to do
separate simulation work, and it costs quite a long time to do.

This paper uses a CFD model to simulate different train speeds in the tunnel. The
pressure magnitudes are related with square of train speeds. The rate of pressure change with
time is cube of train speed. The frequencies of pressure wave are related with inverse of train
speeds. The air velocities in the tunnel are related with train speed.

Key words: ventilation, pressure surge, railway, tunnel, shaft, and CFD.
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CFD Simulation and Wind tunnel test of air flow over complex terrain
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Abstract

This paper evaluated the effects of complex terrain of the Taiwan’s east highway by
using CFD and wind tunnel simulations. The complex terrains include high mountains, river
valleys and bridges. The result of CFD for air flow over complex terrain revealed that affects
of the channel phenomenon and some acceleration regions due to the influences of
topographical variation. Results of wind tunnel test from Tamkang University were used to
validate the CFD predictions for average wind speed.

When using computational Fluid Dynamics for evaluating the flow over complex
terrain, the GIS data of topography were important and well treat needed. These cooked
data were imported to the pre-processors of CFD, GAMBIT, to generate the geometries and
grid. Finally FLUENT 6.1 software was used to simulate the flow distribution over complex
terrain. Comparisons of the wind tunnel test and CFD shows the good agreements for average
wind speed distribution.

Keywords: complex terrain, wind tunnel test, CFD
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Computational Fluid Dynamics Simulation of Pedestrian Wind in Urban
Area with the Effects of Tree
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ABSTRACT

The purpose of this paper is to find a more accurate method to evaluate pedestrian wind by
computational fluid dynamics approach. Previous computational fluid dynamics studies
of wind environmental problems were mostly performed by simplified models, which only
use simple geometric shapes, such as cubes and cylinders, to represent buildings and
structures. However, to have more accurate and complete evaluation results, various
shapes of blocking objects, such as trees, should also be taken into consideration. The
aerodynamic effects of these various shapes of objects can decrease wind velocity and
increase turbulence intensity. Previous studies simply omitted the errors generated from
these various shapes of blocking objects. Adding real geometrical trees to the numerical
models makes the calculating domain of CFD very complicated due to geometry generation
and grid meshing problems. In this case the function of Porous Media Condition can
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solve the problem by adding trees into numerical models without increasing the mesh grids.
The comparison results between numerical and wind tunnel model are close if the
parameters of porous media condition are well adjusted.

Keywords: CFD, Porous Media Condition, Pedestrian wind, Wind Tunnel
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Fig.4 Wind velocity sensor Fig.5 Wind velocity sensor
distribution.(inner site) distribution.(outer site)
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Fig.6 Porous media effects testing method.

20

Fig.7 Variation of wind profile flows through plants measured by hot film sensor.
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DGR S F P T Sl

= A
2 FBRTNEART IR ERES > FALFETLD TR
e R R
Porous ID D, 1 C,
1 0.1 0.8 1171.875  13.672
7 03 08 130.208 4.557
14 1 0875 3.499 0.653

823.045 9.602

16 005 09
Tab.1 Porous parameter trial groups.
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Fig.8 Comparison of plant effects between wind tunnel test and CFD model.(dimensionless
wind velocity)

T

LT

‘—ﬁ—‘g‘i[ﬁ?ﬁ!’ﬁ(ﬁ{&‘ﬁ’{#ﬁ) —D—J’“](éiiﬁxﬁ%: 1 —A— iR 7 —O— Tk 14 —O— SRiAgk: 16

Fig.9 Comparison of plant effects between wind tunnel test and CFD model.(turbulence
intensity)
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Fig.10 Comparison of dimensionless wind velocity between wind tunnel test and traditional
CFD model.(before construction/wind direction: E)
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Fig.11 Wake influenced by buildings near the main structure.
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Fig.12 Comparison of dimensionless wind velocity between wind tunnel test and traditional
CFD model.(after construction/wind direction: E)
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Fig.13 Relation chart of dimensionless wind velocity between wind tunnel test and traditional
CFD model. (wind direction: E)
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Fig.14 Comparison of dimensionless wind velocity between wind tunnel test and planted
CFD model.(before construction/wind direction: E)
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Fig.15 Comparison of dimensionless wind velocity between wind tunnel test and planted
CFD model.(after construction/wind direction: E)
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Fig.16 Relation chart of dimensionless wind velocity between wind tunnel test and planted
CFD model.
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bF#HRWIRSD T RS
Wind Tunnel Modeling of High Reynolds Number

MR ED WP 7 C
IR B2+ 832 A2pg1 a8 %5l %k
27 RAE Y A RE AL

F2

g AR R ESRE FIR R RIGER & <) 2] 0 R R FRERT HERY A
FACTRR ek 0 A B HRD LR P KRS FE o WP RS SR 4 2
# B f*?ﬁ”?i‘ ﬁ?i‘éﬁ FEARI o AP o AR A R FRE&K F
BB b AT TR A S 2 SN BTl 2 Ao e R RS
]2 %7 ﬁ# AR S RBOIEY SR AR R BN B ER R E RS
Bt d - RREAETG SR FRERY 0 B T RIS RN 2 .

A PHRRZEE N Y B1E R e SHT 2P 500 L BT R
FERULCRH o d A TR EF R TR R FFE&RAE P RR 0 E R
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Abstract

Wind tunnel test on a scaled-down model and observation in-situ are the suitable means
to understand experimentally the dynamic behavior of the chimney under wind load. Hence,
it truly needs to find the correlation of the results from the wind tunnel test with the
observation in the field. Furthermore, modification in the set-up and testing technique in the
wind tunnel test may also be required to simulate the dynamic behavior of a chimney under
wind flow with large Reynold’s number. The work in this present will be concentrated on
establishing the testing techniques for wind tunnel test so that the results from the wind
tunnel tests well correlate to the observation in the field. Both roughen the chimney’s surface
and introducing the extra approaching turbulence techniques will be used to determine the
optimal approach. For simplicity, this task will be concentrated on an isolated chimney.
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An approach of speed control experiments for unidirectional air flow
Yuan-Bin Chen

ABSTRACT

The clean bench is the smallest space occupation and the most popular clean room in
the clean market. A series of full-scale tests, analysis and discussion will be focused on the
speed control of airflow for the clean bench. The basic demand of a clean bench is to agree
with the requirement of cleanliness, and a flowing air is the tool for executing the demand.
The newborn particle will be brought out by the airflow. With the use of a wind blower, a
dynamic source of airflow in the clean bench, the airflow rate will be controlled. Through
the air filter, the particle will be filtrated and the airflow will be restrained, and then, the
clean airflow will pass through the testing space. Wind speeds will be measured in the clean
bench, then, the stability and uniformity of the airflow will be analyzed and discussed. The
clean bench in middle size is selected for the further research. A comparison for the stability
and uniformity of wind speeds between a local and imported clean bench will be held.
Further more, to adjust the location of the UV light, the flow rate of the airflow or HEPA
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may provide a suitable wind speed.
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An Introduction of the ABRI Architectural Wind Tunnel Laboratory
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ABSTRACT
Because the wind engineering in Taiwan receives more attention recently, therefore,
based on a revised plan approved by the Legislation Yuan, Architecture and Building
Research Institute (ABRI), Ministry of the Interior, has built a wind tunnel laboratory in June
2004 for the testing of scaled down buildings and bridges.

The wind tunnel contains two testing section, 4mx2.6m and 6mx2.6m, and the
maximum wind velocities provided are 30m/s and 20/s respectively. According to result of
the preliminary examination, this wind tunnel is very stable and can provide a very good flow
for the future tests

With the establishment of this laboratory, in spite of testing the scaled down building or
bridge structures, it can also carry out the tests of modeling the boundary layer and the
dispersion of the smoke or pollutants. It is believed that with the help of this lab, it not only
helps the set up of the related regulations, but also enriches the testing energy of the wind
engineering, provides services for the industry, and elevates the level of the architecture
technology.
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Study of the transformation and the reaction for O; and PMyq in the air
pollution event days
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Abstract

The purpose of this study is for investigating the relation between transformation and
formation using the monitoring data of the air pollution event day in the 2004 in the Taichung
area. The unsteady and steady states and one-dimensional atmospheric transport difference
equations were used to obtain the formation rate (R) and the disappear rate constant (L).

In each ozone event day are: (1) the values of R and L change from positive to negative
after 14:00 due to the photochemical smog formation; (2) the values of R and L are lower
after 16:00 may be due to ozone react with particle or water; (3) the value of Rincreases with
decreasing the value of L; (4) the wind speed (>2.0m/s)and the values of R(> 100pg/m’-hr)
and L (> 1.0 1/hr)are high in the day before ozone event day.

In the PM; event day, the phenomenon indicts that: (1) high PM;, concentration always
is in the coastal (wind speed >2.0m/s) and near the mountain (complex terrain), especially on
the Changhwa and Tali cities; (2) the values of R and L shift from minus value onto plus
value after 17:00 due to the traffic jam, maximum values of R(>200pg/m’-hr) and L(>1.5
1/hr) at 20:00~21:00; (3) the values of R (>150ug/m’-hr) and L (<-1.0 1/hr) keep high and
low all the nighttime (18:00~06:00 next day), respectively, due to the mixing height down.
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The wind speed is fast (>2.0m/s)in the O; and PM,( pre- and/or later- event days,

which enhance the dispersion of the pollutants. The high concentration of air pollution
accumulates easily in the Taichung basin because of the basin effect and low wind speed.
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The Numerical Simulation on the Effect of Wind Reduction by
the Windbreak Net with Different Slanting Angles
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Abstract

The purpose of the study proposed herein is to simulate flow phenomena around
windbreak net, probed into the influence on the effect of wind reduction by the
windbreak net with different slanting angles. A series of computations with six
different slanting angles will be carried out to find out the shelter effect of the
windbreak nets in relation to the slanting angle as will as its arrangements, so as to
gain additional insight into the slanting angle designs of windbreak net. Furthermore,
the unsteady flow pattern and its characteristics have to be monitored and measure
through field and tunnel experiments with three different slanting angles, in order to
guide the application of the numerical method and to confirm its results.

The computational code used is based on a weakly-compressible-flow method,
together with a large-eddy-simulation and finite volume method technique is applied to
account for the turbulence effect in the flow. By the numerical analysis, we could
know that the windbreak net with 45° slanting angle is the best and the protective
distance is about 16.5H. The windbreak net with 15° and 30° slanting angles which
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are the second, the protective is about 13.5~ 15H. The windbreak nets with 0° slanting
angle is the worst and the protective distance is only about 12H. We could find the
relationship of windbreak net’s slanting angle and protective distance
is: Y =11.815+3.977sin20 (r=0.9488")

Y is the estimated protective distance (H). 0 is the slanting angle of windbreak net(°).r is
the correlative coefficient. “ * ” is the mark of 5% significant level. (H: the height of

windbreak net)
Keywords: the slanting angle of windbreak net, wind tunnel, numerical simulation.
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ABSTRACT

This paper presents the investigation of gust factors under six typhoons attacking Taiwan.
Data, ten minutes averaging periods and long-lasting observation, were measured with an
ultrasonic anemometer at Keelung coastal region of Taiwan. 3-dimensional gust factors were
analyzed with the relevant factors such as wind speeds, integral length scale and turbulence
intensity under three kinds of mean wind speeds. As a result, the ratio of lateral gust factor by
vertical one (Gv/Gw) is 1.2; the higher for wind speeds, the lower for gust factors; the higher
for the longitudinal turbulence intensity, also the more for the values of the longitudinal gust
factors; the relationship between gust factors and integral length scales is a linear equation.

1. Introduction

Taiwan island lies in 23.5 degree of northern latitude of the earth, which belongs to the
subtropical zone. Seasons from June to October are attacked by Typhoon, those from October
to March are prevailed by monsoon. Among these two kinds of winds, Typhoon wind does
harm for lives and properties to this island.

Taiwan is a small island with a large population. High-rise building is very popular
because of the prosperity of industry and commerce. Consequently, wind resistance design of
structures become important to the country. As we know, the gust factor is one of the
important coefficients in the wind resistance design. To go deep into the gust factor to
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understand it is essential.

As we know, wind is the phenomenon of air flow. Wind speed is affected by the natural
and geographic environments such as: Coriolis force, the amount of sunshine obtaining,
latitude, distance away from the sun, season change, global or local atmospheric pressure
change, distribution (off sea, seashore, urban area, suburban area, mountain or valley area),
etc.... Therefore, there are many factors influence the characteristics of wind, such as wind
speeds, turbulence intensities, integral length scale, gust factors, Reynolds stresses, velocity
spectra. etc... The gust factor is the ratio for maximum wind velocity by mean wind velocity.
Consequently, it is also complicated and influenced by the factors mentioned before. To
understand the gust factor deeper, statistical method is one of the ways to achieve it.

There are some reports about the gust factor before. However, it is scarcely aimed at the
properties of the gust factor and some other turbulent characteristics associated with the gust
factor in most of the reports. This paper would like to present the properties of the gust factor
and the relationship between some turbulent characteristics such as turbulence intensity and
integral length scale for the typhoon winds. Taiwan Island from 1998 to 2002 were collected.
It is aimed at the analysis and discussion for the properties of the gust factor in this paper. It is
expected to have contributions to the wind resistance design of structures and the statistics of
gust factors.

Choi [1] investigated into the characteristics of the gust factor for tropical thunderstorms
in Singapore. The facts that gust factors during thunderstorms are much higher than those of
the non-thunderstorm winds over the same terrain; the values of gust factors are around
2.1-2.5 mostly, are observed by Choi. In addition, the gust factors for thunderstorm winds are
generally larger than those of monsoon winds; 5-10-min averaging hourly mean are about
1.5-2.0 times those based on 10-min mean, presented by Choi and Hidayat [2]. Kato, etc...[3]
used ultrasonic anemometer to measure wind speeds in Yokohama, Japan, and suggested: the
gust factor approaches a constant value, in the mean wind velocity (U) and gust factor (G)
relative plot. The constant value induced by typhoons is 1.7; the ratio among the components
of longitudinal (u), lateral (v) and vertical (w) direction for the gust factor is as the following:
Gu: Gv:Gw =12 : 4 : 3. Naito [4] presented that the value of the gust factor for strong
disturbance is higher than ordinary turbulence, and the strong one also has a larger integral
length scale (L). In other words, the higher for the integral length scale, the higher for the
gust factor.

2.Description of observation site, measurement setup and data processing

The measuring station was located in the Keelung coastal rural terrain. An observation
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tower was erected on the roof of a building and the tower top was with a distance of 26 m
from the ground. An ultra-sonic anemometer with three sensors (Kaijo Model FA-600BT)
was mounted on the top of a tower.

The output signals of three sensors of ultra-sonic anemometer were digitized at the
sampling rate of 20 Hz. Temperature was also measured and digitized with the velocity
signals simultaneously at the same sampling rate. The digitized time series data were stored
in the hard disk. The resolution of the anemometer for velocity and temperature are 0.005 m/s
and 0.025 °C, respectively.

The whole course data were obtained from six typhoons that had impacted Keelung and
the detailed information were shown in Table 1. Ten minutes for a data run, so, there are 5
runs in an hour, and 120 runs a day normally. The whole course data might not be collected
completely because the electricity could not be afforded all the time during the typhoon time.
Therefore, there are 335 runs from Typhoon Zeb. Typhoon Zeb and Bilis with higher wind
speeds are so called ‘strong typhoon’, and the others are so called ‘medium typhoon’.

Table 1 six typhoons’ duration

Date Typhoon Run
year month day
1998 10 14-16 Zeb 335
1998 10 25-27 Babs 348
2000 8 21-23 Bilis 358
2000 10 30-1 Xangsane 480
2001 7 28-31 Toraji 480
2001 9 6-19 Nari 959

3. Turbulence characteristics
Via the mean wind direction, the original wind velocities are transformed into the new
transient velocity components U, (longitudinal),V; (lateral) and W, (vertical), besides, Uma,

Vmax and Wnax  are the maximum ones in a run respectively. With arithmetic mean theory,
3-dimensional mean wind velocity components U ,V and W can be obtained as followed:

2.V

U= ‘:Tli, longitudinal mean wind velocity
YA _ _
Vv :'T=1 , lateral mean wind velocity
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N
W = Zi=1Wi
N

,vertical mean wind velocity

GU = Umax”U , longitudinal gust factor
GV = ViU |, laterl gust factor

GW = Wa~ U , vertical gust factor

U, longitudinal turbulence intensity

U, lateral turbulence intensity

U, vertical turbulence intensity

Lu longitudinal integral length scale
Lv lateral integral length scale
Lw vertical integral length scale

4. Results and discussion

Three types of the wind data are analyzed. The whole course data belong to the first
type. A new mean wind velocity, calculated by the average of the 335 run’s mean wind
velocities, is the minimum mean wind velocity in the second wind data type. The minimum
mean wind velocity of the third type is the average of the mean wind velocity of the second
type again. For example, there are 335 runs in the first type (1 Type) of wind data for
Typhoon Zeb, and there are 108 runs left in the second type (2™ Type), and 42 runs left in the

third type (3" Type).

Mean wind velocities, 3-D gust factors and the ratio among the three directional gust
factors for the six typhoons is shown in Table 2. Mean wind velocities reflect the total
average of the wind velocities. The average of the ratio in the 1% Type for the six typhoons is

shown as: Gv/Gu = 0.62, Gw/Gu = 0.51, Gv/Gw = 1.22.
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Table 2 3-D gust factors during typhoon attacting

u mfs Gu Gv Gw Gv/iGu | Gw/Gu | GvIGw
7.83 3.14 1.87 1.52 0.59 0.48 1.23 zeb
4.74 3.33 2.03 1.58 0.61 0.47 1.28 babs
5.91 4.74 3.06 2.59 0.65 0.55 1.19 bilis
7.26 2.94 1.77 1.48 0.60 0.50 1.19 | xangsane
331 3.32 2.18 1.70 0.66 0.51 1.29 toraji
4.33 2.23 1.35 1.19 0.60 0.53 1.13 nari
3.28 2.04 1.67 0.62 0.51 1.22 average

Mean wind velocities, gust factors and gust factor ratios for 2" Type and 3™ Type are
shown in Table 3 and Table 4 respectively. The values of gust factors lower down apparently
from the 1% Type to the 2" Type and lower down again for the 3 Type. The average of gust
factors for the three types Gu is 3.28, 2.18 and 2.01 respectively. A fact can be identified that
the higher of the wind velocity, the lower of the gust factor for a typhoon. Gv/Gu = 0.55,
Gw/Gu = 0.45, Gv/Gw = 1.22, for the 2" Type; Gv/Gu = 0.54, Gw/Gu = 0.44, Gv/Gw = 1.23
for the 3" Type. It seems that the value of Gv/Gw is around 1.22 for any typhoons.

Table 3 3-D gust factors while u > mean wind speed

u m/s Gu Gv Gw Gv/iGu | Gw/Gu | GvIGw
14.61 2.03 1.10 0.84 0.55 041 1.32 zeb
6.48 2.30 1.23 1.03 0.54 0.45 1.19 babs
9.83 2.00 0.96 0.85 0.48 0.43 1.13 bilis
11.36 2.22 1.30 1.05 0.59 0.47 1.23 | xangsane
5.59 2.55 1.46 1.12 0.57 0.44 1.30 toraji
5.65 2.00 1.21 0.99 0.61 0.49 1.23 nari
2.18 1.21 0.98 0.55 0.45 1.22 average
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Table 4 3-D gust factors while u > high wind speed

u mis Gu Gv Gw Gv/Gu | Gw/Gu | GvIGw
21.53 1.85 1.09 0.77 0.59 0.42 1.41 zeb
8.08 1.95 0.98 0.83 0.50 0.43 1.18 babs
13.22 1.95 0.94 0.82 0.48 0.42 1.16 bilis
16.53 2.34 1.36 1.17 0.58 0.50 1.17 xangsane
6.98 2.01 0.99 0.82 0.49 041 1.21 toraji
6.47 1.95 1.20 0.91 0.62 0.47 1.32 nari
2.01 1.09 0.89 0.54 0.44 1.23 average

Fig. 1 shows the relationship between the mean wind velocity (U ) and longitudinal
gust factor (Gu) of the six typhoons for the 1% Type. Fig. 1(a), (b), (c), (d), (e), and (f)
belong to Typhoon Zeb, Babs, Bilis, Xangsane, Toraji and Nari respectively. The dispersion
of the distrtibution of the gust factor becomes small with increase in the mean wind velocity,
and the longitudinal gust factor approaches a constant value. The value of the longitudinal
gust factor for Zeb was 2.0, 2.5 for Babs, Bilils and Xangsane, 2.3 for Toraji, and 2.2 for Nari.
2.5 appears more often.

Fig. 2 shows the relationship between the mean wind velocity (U ) and lateral gust
factor (Gv) of the six typhoons for the 1% Type. Fig. 1(a), (b), (c), (d), (e), and (f) belong to
Typhoon Zeb, Babs, Bilis, Xangsane, Toraji and Nari respectively. The dispersion of the
distribution of the gust factor becomes small with increase in the mean wind velocity, and the
longitudinal gust factor approaches a constant value. The value of the longitudinal gust factor
for Zeb was 1.2, 1.3 for Babs, 1.88 for Xangsane, 2.0 for Bilils, Toraji and Nari. 2.0 appears
more often.

Fig. 3 shows the relationship between the mean wind velocity (U ) and vertical gust
factor (Gw) of the six typhoons for the 1% Type. Fig. 1(a), (b), (c), (d), (e), and (f) belong to
Typhoon Zeb, Babs, Bilis, Xangsane, Toraji and Nari respectively. The dispersion of the
distrtibution of the gust factor becomes small with increase in the mean wind velocity, and
the longitudinal gust factor approaches a constant value. The value of the longitudinal gust
factor for Zeb was 0.8, 1.7 for Babs, 1.9 for Bilils, 1.6 for Xangsane, and 1.1 for Toraji, and
Nari.
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Fig. 4 shows the relationship between the integral length scale (L) and gust factor (G)
of the six typhoons for the 1% Type. Fig. 1(a), (b) and (c) represents the three directional
components such as longitudinal (u), lateral (v) and vertical (w) respectively. Gust factors are
always less than the equation as followed: G < 50/(2.3*L)"?.

Fig. 5 shows the relationship between the turbulence intensity and gust factor of the six
typhoons for the 1% Type. Fig. 1(a), (b) and (c) represents the three directional components
such as longitudinal (u), lateral (v) and vertical (w) respectively. The relationship between
three dimensional turbulence intensities and gust factors is a linear equation when the

turbulence intensity is less than 3.0.

5 Conclusion
The ratio of the lateral gust factor over vertical gust factor always stays at 1.22, no
matter what the degree of strength of different typhoons can be concluded. The dispersion of
the distribution of the longitudinal gust factor with increase in the mean wind velocity
approaches around 2.5, and 2.0 for the lateral component. Gust factors related with integral
length scale are always less than the equation as followed: G < 50/(2.3*L)Y? . The
relationship between three dimensional turbulence intensities and gust factors is a linear
equation when the turbulence intensity is less than 3.0.
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Abstract

Field data is essential in structural Design. Since field data is often limited, it is
necessary to generate artificial synthetic data compatible with observed data. This paper uses
a Hidden Markov Chain (HMC) model to generate synthetic data. Parameters of HMC are
obtained by Expectation-Maximization (EM) algorithm and
Forward-Filtering-Backward-Sampling (FFBS) algorithm. Wind speed data is generated
based on the Central Weather Bureau wind speed data. It is found that the synthetic data
reproduces well major statistical characteristics of the observed data.

Keywords: Hidden Markov Chain; Simulation; Wind speed
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3.1 Kalman filter
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3. 3 Expectation-Maximization algorithm (EM)
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3. 4 Forward-Filtering-Backward-Sampling algorithm (FFBS)
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ZAPFERTR R RAKRZEE
The Development of a Buildings Design Wind Load Expert System
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Abstract

It is a tedious task to refer to wind code while performing structural building designs
because lots of parameters need to be considered. The decision of their suitable ranges and
application conditions can be very confusion sometimes. Moreover, the process of wind load
calculation is prone to mistakes because of omitting or negligence. The comprehension of
wind code and calculation of design wind loads are difficult and time-consuming for
designers that have weak wind engineering concept. Therefore, Taiwan’s new wind code and
the logic flow of calculation were coded in rules, and a rule-based web-enabled expert system
was developed. Users only need to input the basic building data to get design wind pressure
and wind load as well as the parameters and coefficients used during calculation. The
application areas of the system covers the evaluations of design wind loads for structural
systems and design wind pressures for claddings. The subjects of building design wind load
analysis include high-rise buildings, mid-rise buildings, low-rise buildings and open
structures. The cladding wind pressure analysis takes account of exterior walls and roofs.

Key Words: Wind Code, Expert System, Design Wind Load, Wind Pressure, Interne
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An Analytical and Experimental Study of TLCD System for
Wind-resisting of High-rise Buildings

Yen-Po WANG#*, Chien-Liang LEE**, Link CHEN*** En-Chiech CHANG***
Professor*, Research Assistant Professor**, Graduate Student™**
Department of Civil Engineering, National Chiao-Tung University,
Hsinchu 30010, Taiwan, R.O.C.

Key words: TLCD, High-rise buildings, Headloss coefficient, Wind-resisting.
ABSTRACT

High-rise buildings possess characteristics of light-weighted, high strength, large aspect
ratio, long period and low damping. They are therefore quite sensitive to wind disturbances.
As a result, it has become a critical issue in the field of civil and structural engineering to try
to reduce wind-induced vibration responses for serviceability. TLCD is a nonlinear SDOF
system possessing advantageous features such as easy-tuning and dual functions for fire
protection and vibration control. The objective of this study is to establish an analytical
model for dynamic analysis of nonlinear TLCD systems, and fabricate TLCD devices for
component tests as well as performance tests. Results by component tests indicate good
agreement of the fundamental frequency with the theoretical prediction, and the headloss is
found to be dependent on both the orifice size and disturbing frequency. Performance tests
indicate TLCD is effective in vibration control provided that the opening ratio is greater than
36%. Finally, this study assesses the performance of TLCD system in wind-induced vibration
control of Taipei 101, confirming that TLCD achieves equivalent control effectiveness as the
TMD system.
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HOER > T3ah 4T U N4

- —2

w; = O'SPQAiCDUi (8)
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Fidka 0.36
Ak EK, 0.025
2§ %R p, (kg/m) 1.22
FEAEE 2 10 m Aoz T 30R i Ul
30.0
(m/sec)
Lo 4 Gk C, 1.3
Jp Hd o B C, 8.0
% 2 TLCD ¥ TMD =~ iz 22+ 4 ¥k
TMD TLCD
Pendulum 12.24m Effective length 24.47m
length
Mass Mass ratio
ratio 0.0125 (Total liquid mass) 0.0222
. Mass ratio
Damping 15.55ton-s/m (Horizontal portion) 0.0131
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F- B 2Rb AR E AEAE S AW 5 2005/10/21
The 1* National Conference on Wind Engineering NTOU - Keelung - Taiwan

WA R 4 R B
The Effect of Heavy Rainfall for Design Wind Pressure Coefficient

52§ 48 ' (Jang Jing-Jong) #f % % ° (Lai Tzung-Ding)
(TR SRR DL X SRt
2R oA EAEFEIRE AL

#* &

PRI T S TERY FORA RO G SF R IIRR Y KD T > R
PR L 0 F A TR KRR R p ARG ST L S
RS FEFPANT LT HR A R RFEY SRS G Oy Y o T
B AT RS OB OEE SRR RB L > T Yk % P EE 2 PSS
R A FAREP BT ERER A RRIEY R ES A2 AR 2
Boo @ FRTLE R foa 2 WA (6% b o dod A 4] A GF el R
BRFHERBRDPEE R AFNLHPF boa £5 A~ LREL 4 kIR
SERTEER SRS SRE PR P EEE SRR S SR SR
Mo BEF TR A PREY RS A 4 54 § 0 T KP o HRA TR & 2 F
Er o8 S 4 Er ek d Al IREA KA A Y 2 £ .

Abstract

Taiwan is a subtropical island and located at the Pacific Ocean Rim where typhoons
occurred frequently and caused lots of building and bridge structures damaged. Usually,
Typhoon comes with heavy rain in summer. The current wind resistant design code for
buildings was published in 1974, and revised by Prof. Tasi in 1985 and reviewed by
Architecture and Building Research Institute in 2003. Basically, Taiwan’s wind load code is
based on USA’s ANSI/ASCE 7-2002 and Japan’s AlJ-96 building codes. The value of wind
force depends on wind speed and air density. Usually, the wind-rain effects are much larger
than the pure wind effects, and the ratio is called wind-rain amplification factor. If the
structure design based on pure wind force according to the present design code which will
neither safe nor economic. This research studies the wind-rain effect on the coefficient of
wind pressure formula. The wind and air temperature ~ humidity and atmospheric pressure
data of Taiwan area are obtained from National Weather Bureau of Taiwan. The
corresponding coefficients of wind pressure force were analyzed by using probability and
statistics theory. The wind pressure coefficient is derived from the statistical analysis method.
At last, a tall building structure example is performed. This study bring up a new point of
view to air density, we use the concept of precipitatable water to analyze the air density of
Taiwan area during typhoon. Moreover we think about wind-driven rain, wind-driven rain
make some pressure on the building. The results and conclusions or suggestions of this
research will be helpful for future structure design with wind-rain resistance consideration. It
will also useful for the future wind resistant structural building design code revised and
benefit the whole society.
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BT o B RPN MR 4 KR 0 p 1974 EAG - BRI G
FTo B AR E R UBC R R o B3 1996 £ Sk B IEF RIS
% ® ANSI 1988 & 2 p A2 5 tn ¢ AIJ 1993 &5 5 MR 4 &R0 Bz o FE %

=
AR R G Dk 4R FERATE AL R 4 R E Y BT R 10T
Ay F T AT 4 R Ry PRIt A g o3 & (2004
ASCET7-02 = * AT R kitirg b o 47 Hh ?@*”HT%? %
4(Z) = 0.0625K (Z)K, [V, C)F * B ® q 5 h @R+ > %8k 0.0625(2 % 7 %R T M) )
ymﬁ&’&éym%m’lﬁ?%%&’vmsé*%?&ﬁ°ﬁﬂﬁﬁﬂmW5{
BB I5CE - A FBS 2GR TF 2 X FEET 5 006250 A o 3 A Y
%@*iﬁwa’%¢mk%&%%%’ﬁ %&1*%@*i%ﬁﬂlk*i
BRI g E AR o Flet et e 0.0625 EF AR H T LB F o j\/{ﬂiﬁ;f; ]

it T g E B .

AR ROIRG  REEY P APHRE AR THRE AT RSDIGET 0 &
ﬁ& Feni® R s BB b AR D& h rfb@*ia&ex‘m“ J\l o d A *IIM’?'W

LTINS £ 03 LR IID R B RS S L B R
;1* BRSMES EF I R e - A A Fl S P e %“&iﬁ’i‘
AcHi4e > F RIS frE 4 e E R - R0 R F R BRI 0 GRAAN PGS
% =43¢ B (terminal velocity) » & #4eim > % b & iE F| 7-8(m/sec) » B B 1tk T G -
CESIES LT BE 3 5 SR C(ICORESEES S SIER-E LIRSV ¥
AP A RS L PR AR TR o RR AR 4 g AP
EHRET 2 R AE KD RAPL FF R AT A% A

SR ARBHBRLBF

2.1 R FIEFTF RRZIFH

X F kg P o < F ¥k E (Precipitable Water Vapor ; PW) £ - Bip§ £ &
S RE CBRBRFANFPEERH LI ZKFRIE oADK FEFE R OE
FoOEREHFRAF IR2ZBFAGE - E LT oL FP A F AN E T > Q8
o RELLAM AT F RARIRERDY > kA T RRFLR DL T AN BHRT
TAcP MR R L F P TR E Bk AGERTFH LR

2.1.1 ¢ X § HRgal

B E AR EZ A F TRk RABREY A X FE  FP A E R
WP B EY M LT o P A F ¥ GPS uEle 5 52 AT F o FlRt

iﬁfﬁ?“ré_i 2 VELE R T Aol T LA ] EL e &4 sE (K hgtE K H B
) oM H 7 &g FB2 R @’;—T/\?ﬁ' JI“TE/T_T ,d;h-,&f]—_,ff’%i j\-}\’fE,'—F‘qL
BALEY P F P AL 2 BB R b A B RD R kR

(Uiﬁﬁﬁ*?%’ﬁ@%?*ﬁif VOFEARE A e, Fla A2 Ry
WoHe, AT fE2 S B JTE 2 (Path delay)
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VAR g B AT

(D

S5 |<

n: s A B 3765
Vs UL Y 2 33 R
M %ﬁ‘;ﬁ‘}d‘—}/\ g"{'g ﬁxiﬁx‘-‘ﬂ V3 2 /‘l\’_}i"’t’@" S E/Iffé‘ , I_—ﬂl,u‘ ;;-ﬁ’/é-/?f_‘_i\:h
Bood LTl N E S i BER L
DIP =V, (t—t,) :j[n(s)—l]ds 2)
L
H4e
D & BT E
=ﬂﬂ%~ﬂr*%%@%%%%wo
ol PEEAEE B3 7 P BIEEEATE R -
n(s). » B BIRE E_L 2 375+ % (Refractive index) » 3 =% séhdidc o
23
T2

\

(2)d 4 B2k > T BB BFRICIEFERARAS DR E XA RIT
B o BEMBABRFEI N IFHY MR F) P > MFLRE R TERF 2 FE
FEHLV ML BIEIER K ) o F B KRR BT BRI ATF 2 AR E L kan
£ opfad %&Mi;f ALK i R 2 B L2 5 Ak (Geometric delay)
mAPREET A G

DI =5-G (3
He

DTrop }2\_& @&% °

S: R MELF B SiE 2 FEYE o

G: R ME B Bt B2 B MR o
BEQEQE); P F P BT A& 5

D™ =j[n(s) —1]ds + (s — G) (4)

9“(

ﬁ%n»niﬂ'%« 15 Rp B EEuIR7 ¢ « 3 1 2 4 [Bevis et al.,1992] -

- A LS T2 5 g o *Q%FZﬂié(Snellslaw) m%{@%m&w“
gf!if_éﬂ’}\}@@bifg i“}%o;EE‘, ili:%_;i}

D, = T[n(z) ~1]dz :lO’GTN (z)dz (5)
PR "

3

H: 5 Rlsbic B & -
N:ZRARRA A&k~ Rendnfic f£2 547 (Refractivity )

<

N =10°(n-1)
ZATie- NS ST FIEE K F 3B [Hopfield, 1969]
NTrop _ NTI’OP + Nme (6)

mw (5) FAEa c[10]
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D" = D] + D}, =10°° [Ny ds+10"° [ N}/°ds (D
BBM R D oE F A REREEE D 90% -k F 95 10% [Janes
et al, 1989] - A T T 0 05 F BRE ;T~ Sfrht R B R Ao B T M
[Essen etal., 1951] :
NG =, (Ta)
' T

NvTlez)p :C2$+C3Ti2 (7b>

P:itf7 /R4 HEEL2E (mb)

T:3-FBR Hi8HEAR (K

e:akF AR HEixGET (Mb)

v 2 ’5"ﬁﬂ/——.t$ B SR - A F AR EFHO PF A3 F R
HFF g 0 £ AT ki [Thayer, 1974]

N ={K, ?d}z; +{k2?+k3 F}zv;l (8)
ae

zdfrz, » ¥ 5 i0iR % § 2 B %5 %]+ (Compressibilityfactors) [Owens, 1967] -

Z;' =1+P,[57.90x10°3(1+0.52/T) —9.4611x10*(T —27315)/T?]

Z.} =1+1650e/T*)[L—0.01317T — 273.15) +1.75x10 *(T —273.15)? +1.44x10°(T —27315)%]

He o,
plRicE F TR A2 AR
IS
k, =77.604+0.014K / mb.

k, =64.79+£0.08K / mb

k, = (3.776+0.004)x10°K / mb

*n%ﬁ&@ﬁﬂ;}%ﬂ; A e
FEA ] 1 (T3 5 8w (5) 5 @ 51
ﬂﬁﬂ%ﬁ&.

DI =10" j(k p“)dz+j(k +k—)dz

S F K 2§ REFIF T 1 [Owens, 1967] - 12 gt
10]

éﬁﬁﬁﬁﬁ’ B e £BU A FREA L 2 B g Al
e Z A enp g p a}“ ﬁ}\%‘ s BArim KB BRI T R KRR Q
1 = 5B % [Bevisetal., 1994] :

PW=TxDI"™
e,

PW: 5+~ F7% ks ® > sBa @ 2 FLEzit? "3 kidA
(mm) -

n s @37+ > 25505
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P RW[( k]

» [10]

R, : F@?ﬁinpfjinﬁgﬁfj’g\’r (Ry =R/M)

ky =(3.739 £0.012) x 10° K *mb ™

K: = {Kz =64.79+0.08Kmb™> WD =TD — ZHD

1=

Bl
X

K, =221+2.2Kmb™ WD=TD - DZD
TD : %, #% 2t (Total Delay)
DZD : = 78 5742 2 (Dry Zenith Delay)
WD : ;‘,ﬂsi@ﬁi(Wet Delay)
ZHD : = 7§ 4 T fg=& 2f ( Zenith Hydrostatic Delay )
B AR 2 AL E RGPS LA S 2 B o 2 I IF T § SRR
DEA G F R RNATED 2 BEE KRB A FTELTE -

2.1.3 &z f %R
BTG R AT KR S MkA TR AN F RASEE Y TR
Mg feZ §F B R 0 MR AT ‘é‘f#-*”ﬁl @R Aty kg e

2.1.4 e s
%%m#ﬁﬂﬂﬁﬁﬁ FfrA F B Shs Ll X FIZASF ARG RN
a2 iRt ARLE e g aded o385 5 Ak k:
R.E. Lacy Rw=0. 222U%R (10)
F R Rw==0. 136U*R (1D)

L
L

F’_*

Rw: 22 a*%a % (mm/h)

U: k%

R:kTasaf (mmh)

Ehdo® P& R #E D T-8m/sec EE
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frse
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W R
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~ RS2 R ERA

pAREE R ER F S L LA B R [ AN P RE - AL SRR

F]+ 1, (intensity factor) » 2 ¥ =6 ff-E ¥R R HE o FE NS L a8
B2 WiE o W

. (12)

le =1
‘Fl \:‘ 9 rain
 ~

Iwall : :; E ]/:“i 1% 7’5‘5,\“%*#*;” l{f’lr:ﬁ» ﬂ ” Ei(HlHl/h)
L - » 8 % ff2 22 "% & % & (mm/h)

BAFF I R B RN G f g ERA TS, §E TR
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ﬁﬂh‘@ﬁ*?%ﬁﬁ%%’ Bo(-) By ez p B aR2 b
lﬁ’ ﬁj*ﬁ |’€b ji & A’\ F—JJ ;; pwind N prain Uwind * Uraln ’ (: ) ié*## —P % & qu E%#i‘%t mfg‘b;ﬂ‘ E:Li—ﬁ
LA A N e U UL,

R4 ¥ d #F > 42535 (momentum equation) b k2 B4 RENE A

ZF_—j P a0V

~d

13
dt Cvpram ralndv+J. Prain raln( rain n)dA ( )

(13)5 5 — BfEA S5 fE7 PR ® S fE o s 2 @A A TR
2L G FAUEETL R - BRSNS RA BT R R R g S hd o F
ﬁ&éi’,’j’g’é’\f#’;/uﬁ’ﬂ\j/é%‘%’uy ‘(13)5\‘—","&?'—3 :

IF = 2prain AU rain (U rain ﬁ) (14>
IR T Il
m =prainAUrain (15>

m & B % i & (mass flux)
vk R4
prain :praan r2a|n (16>
b o frpFEiT S pF2 i R R 4V 4w d Bernoulli AR5 2 & 2 A2 50
(momentum equation) % - 5 T ;¢ :

Puing  Prain + % pwindU ZWi"d + prainU Zrai”

= p\’/vind + p;ain + %pwindu ’ZWi”d + prainU IZrain ( 1 7>

’:‘:’L: p = pwind + prain
pl = p\;vind + p;ain

F 5B b foa EF R L SR 2B > Ty, -0 fr Uy, =0
B TR R L

p.-P :%pmu “wind + P ran (18
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Abstract

The high mast structure is widely used in industry, for examples wind-turbines tower -
ship of mast ~ light of pole ~ microwave tower ~ chimney ~ chemistries industry and vertical
vessel. They are different from the traditional building structural. It has characters of the light
weight and high ratio of H/D. This paper studies the interaction of the foundation-structure
and applies to regress the formula fundamental period of the round thin wall tower structure.
And the paper discuss how to avoid the resonance and the tower’s behavior if govern by wind
or earthquake force for the height of 40~75 m. It should be govern by the wind force when the
tower of the top has not added lumped mass after the program analysis and checked of using
the local code. The critical case usually governed by the wind, otherwise should check the
case of earthquake. Finally, this paper is using of the optimal method to find the examples of
the C-type case which is the maximum loaded and minimum body-weight of the
optimal-module. And we set up the experienced database to design the guyed tower more
efficient for engineering.

Key words : high guyed mast structure ~ wind-turbines tower ~ fundamental perio
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ABSTRACT

This paper investigated the frequency-dependent aerodynamic damping and stiffness of
high-rise buildings for the along-wind motion by utilizing forced excitation technique. A
new approach that involves the curve-fitting for frequency response function and genetic
algorithm for global minimization was presented for identifying the frequency-dependent
aerodynamic damping and stiffness. To demonstrate the approach presented, a square-shape
prism with a height/width ratio of 7 as the high-rise building model was used for
identification. The identified results were further used to numerically simulate the response
of the same building model under the disturbance of wind gust within an atmospheric
boundary layer, and the comparisons were made with the direct measurements from wind
tunnel experiment. As demonstrated from the remarkable correlation between the
simulations and experiments, the validity of the frequency-dependent damping and stiffness
identified was well verified.
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1. INTRODUCTION

As modernization has begot more and more high-rise building constructions in many
cities all over the world, particularly in Asia area in the past decade, the wind effect on such
buildings becomes an inevitably important issue for engineers. The newly completed Taipei
101 building (509 m) in Taipei is a typical example. For such high-rise buildings, because
the excessive motion caused by the wind gust may change the wind flow condition
surrounding the building, a different wind load generating mechanism that mutually interacts
with the building response may be induced. In wind engineering, such an interaction
between the structural response and wind load is generally called aero-elasticity. The effect
of aero-elasticity for high-rise buildings might be an unpredicted but decisive factor that
should be accounted for in the structural design.

As such, aero-elasticity on buildings had been an attractive topic of researches in wind
engineering. Many literatures in earlier stage focused on the observation of this effect on a
two-dimensional oscillating model by measuring the variation of its surface pressure using
pressure tubes over the surface. From the comparisons of the drag and lift force coefficients
thus calculated with those from a static model, significant differences were revealed and
confirmed (e.g., Nakamura and Mizota (1975), Bearman and Obasaju (1982)). Generally
speaking, these literatures had concluded that, without considering the effect of aero-elasticity
on buildings, the along-wind motion appears to be conservative, while the across-wind
motion is, on the contrary, under-estimated. In the last decade, few literatures investigated
the building aero-elasticity by using three-dimensional oscillating models, particularly for the
across-wind motion, and the similar conclusion was found (e.g., Sakamoto and Oiwake
(1984), Vickery and Steckley (1993), and ezc.). For predicting the building response, some
literatures focused on calibrating the aerodynamic damping for three-dimensional model from
numerous measurements (e.g., Cheng et al. (2002)).

Unlike the conventional approach, this paper aims to investigate the aero-elasticity
behavior of high-rise buildings in the along-wind motion by introducing the idea of
frequency-dependent aerodynamic damping and stiffness. By utilizing forced excitation as
the source to the building, a new approach for identifying the frequency-dependent
aerodynamic damping and stiffness was developed. The approach involves the employment
of curve-fitted technique for frequency response functions and the genetic algorithm for
global minimization. To demonstrate the applicability of the method presented, a
square-shape prism with a height/width ratio of 7 as the high-rise building model was placed
in the wind tunnel of Department of Civil Engineering, Tamkang University, Taiwan for
identification of aero-elasticity in the along-wind motion. The identified results were
further used to numerically simulate the building response for the situation under the
disturbance of wind gust within an atmospheric boundary layer, and the comparisons were
made with the direct measurements from wind tunnel experiments. As demonstrated from
the remarkable correlation between the simulations and experiments, the validity of the
frequency-dependent damping and stiffness identified is well verified.

2. FORMULATION

2.1 Equation of Motion of Wind-excited Buildings Subjected to Forced Excitation:
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Consider a schematic diagram of the experimental setup shown in Fig. 1. The building
model is a rigid model with a connecting rod rigidly jointed at the bottom. It is placed on
the wind tunnel floor with the model base pivoted, below which a shaking device that can
generate desirable excitation is linked to the rod through two springs. In this way, the
building can be displaced by a pivoting motion that represents a single-degree-of-freedom
building with the sway response distributed in a shape of linear mode. Thus, the response of
such a model simulates the first mode response of a building, and it is practically enough for
the engineering purposes. If the building model is simultaneously disturbed by the wind
flow and horizontal forced excitation from the shaking device, the equation of motion can be
expressed as

. . h
i+ cd(d0+ %o )+ kd(d0+xo )= | z £ (1) dz = M(t) + M, (£) )
0
in which J is the mass moment of inertia with respect to the pivoting axis; & is the rotational
angle of the building; £ and ¢ are the spring stiffness and internal damping coefficients,
respectively; d is the length of the connecting rod; /4 is the building height; f(z,) is the

distributed wind load along the tributary height z; M (z) is the motion-induced moment;
M, () is the external moment generated from buffeting wind gust; x, is the absolute

displacement of the shaking device. For convenience of presentation, the following
notations were substituted into the equation of motion, Eq. (1): the excitation displacement

x, = d-8, ,the system stiffness k, = kd”® , the system damping c, = cd?, the system
natural frequency w, =./k,/J and the system damping ratio &, =c,/(2J w,). The
substitution leads to

J(é+2§96099+w§9):—ce90_k990+M(t)+Mb(t) (2)
A
IR
=
Wind
—> h
==
: round L evel

Pivoting Axis
Shaking Device

N

Gliding Trail

Fig.1: Schematic Diagram of Experimental Setup
for Aero-elasticity Identification
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2.2 Identification of the building Model:

Without the disturbance of wind flow, that is, M (¢#)=M,(¢) =0, the building response is
entirely induced by the forced excitation from the shaking device. By taking the Fourier
transform on both sides of the equation of motion, Eq. (2), the frequency response function
from 6, to 6, denotedas H, (iw), can be expressed by

Hiy i) =L O) 2oy (10) =y ©
F(HO) (iw)* +2& 0, (iw) + v,
in which @ is the excitation frequency in rad/sec. In order to identify the system damping
ratio £, and system frequency w,, the experiments using forced excitation were conducted
(see the section EXPERIMENTS FOR IDENTIFICATION) and the frequency response

function was computed from the test data. The experimental results were curve-fitted to the
theoretical expression in Eq. (3) to determine the coefficients &,m, and w; by minimizing
a performance index that represents the weighted square error between the experimental data
and the value computed by Eq. (3), i.e.,

N . s .
Pl :kZ_:l wele P 5 e = Num [H g, (i )] = [ - Denom[Hy g (ic; )] 4)

in which Num[.] and Denom|.] represent the numerator and denominator, respectively; f;’
represents the k-th frequency response function computed from the experimental data; w, is

the weighting assigned for the k-th point, N is the total points considered in the minimization.

The minimization can lead to solving a set of algebra linear equation given in Eq. (A-5), from
which the coefficients 2&,w, and w7 can be determined. For conciseness of this paper,

the derivation of Eq. (A-5) will be briefly described in the section APPENDIX for the
reader’s interest.

Additionally, the mass moment of inertia J can be identified by using a conventional
calibration method. That is, by augmenting a series of mass increments (and thus
increments in mass moment of inertia AJ) to the system, the altered system frequency is
sequentially identified by the technique described previously. Since the system stiffness %,
does not change, the relation between the total mass moment of inertia (AJ+J) and the
altered system frequency @, should follow

1 1
~2 5

Wy 0
Using the linear regression technique that considers the values of 1/@? and AJ as ordinate
and abscissa, respectively, the slope and ordinate intercept represent the values of 1/k, and
J 1k, , respectively. Consequently, the division of the ordinate intercept by the slope leads
to the value of J. Finally, £, and ¢, can be calculated by following the relations

(AT +J) (5)
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2.3 Identification of aero-elasticity in High-rise Buildings:

Consider the same schematic diagram of a high-rise building model, as shown in Fig. 1,
subject to a smooth wind flow (i.e., M, (z)=0) and forced excitation. Similar to the concept
of flutter derivatives in the analysis of bridge response under wind loading, the aerodynamic

moment (with respect to the building base) induced by the excessive building rotation can be
assumed to be of the form expressed by

M(t)=pU?D* H {K B, D 3@ + KZB;*@(z)} (6)

in which p is air density; U is mean wind velocity; D is characteristic section width of the
building; H is height of the building model; K is the non-dimensional frequency defined as
K=DwlU ; o is the excitation frequency in rad/sec; B; and B, are two
non-dimensional functions of K. Physically, B, and B, can be considered as the
frequency-dependent aerodynamic damping and stiffness, respectively. In this study, the
identifications for B, and B, were performed by the approach as described in the

following.
By taking Fourier transform on Eqg. (6), the aerodynamic moment can be written as

M(iK)=H,,,(K)-0 (7
in which the bar represents the value in Fourier domain (frequency domain); and HMe(iK)
is the frequency response function of M induced by &, which is expressed by

H, ,(iK)=pU’D* H (i K* B, +K*? B,) (8)
It is assumed that H,, e(iK ) can be further realized by an equivalent linear system that has a
frequency response function expressed by

7 (.1 \n ' .- \n—1 7 (- N
HMH(iK):pUZDZ H bn(lK) +bn_1(lK)_1 + +b1(lK)+ bO (9)
GKY" +a, (K)"™ +-+a(iK)+a,
inwhich @, b, are constant coefficients and the order of the numerator is larger than that of
the denominator ( »>m).  The equation in (9) can be alternatively written as a function of
(iw) as
\ b (i) +b, i (iw) ™ ++b(iw)+b,
HMH(ZCU): . \m . \m-1 . (10)
(iw)" +a,, (i)™ +-+a(io)+q,
by converting the coefficients following the relations

j—m

a,:al.(gj (i=01--,m=-1) ; bj:pUZDZHI;j[gj (j=0,1---,n) (11)

Because the order of the numerator is larger than that of the denominator ( n>m), the equation
in (10) can be further rewritten in terms of the quotient and residue as

. ym-1 L \m=2

Hyli0)= % 0, oy +Coslio)_tenaliol ey

J=0 (iw)" +a, (o)™ + - +a(iow)+ a

Therefore, according to the theorem in linear system, the time-domain realization can be
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obtained by a state equation expressed by

Z=A,Z+B,0 (13)
! .
M=C,Z+% Q,0’ (14)
j=0
in which
i Z ] __am—l —ay o T4 —ao_ 1]
Z, 1 0 o - 0
Z=| : v Ay = 1 0 ; By = ;
Z,1 0 0 0
| Z, 1 |0 0 0o 1 0 Lo _O_mxl
C() :[ Cm—l cm—2 cO ]1><m (15)

From the physical point of view, it is conceivable to assume /=n-m =1 for simplicity.
In this way, Q, and @, can be interpreted as the constant aerodynamic stiffness and

damping that are induced by the rotational angle 6.

The substitution of Eq. (14) into Eq. (2) yields
JO+c,0+kyO0=—cy0y—ky0,+CoyZ+0y0+0Q, 0 (16)
With Eq. (16) further cast with Eg. (13), the overall state equation incorporating
aero-elasticity can be finally formed and expressed as
G=Aq+B(-c,0, —k, 6,)

o_cq (17)
in which
6 0 1 0 0
a=|0|; A=|-Jk,-0Qy) -JHc,-0Q) JC,|B=|J|;C=[1 0 0]
z B, 0 A, 0
(18)

Therefore, with aero-elasticity incorporated, the frequency response function 6 induced by
6, can be given by

HY, (i) = C (o)l - A)* B)- (¢, (i0) ~ k,) (19)
With &, and ¢, given from the identified building model, the unknowns remained in Eq.
(19) are the coefficients in the matrices A,, C,, and the two constants Q, and Q.

In order to identify B, and B,, the necessary experiments were conducted by
applying forced excitation technique (see the section EXPERIMENTS FOR
IDENTIFICATION). The data recorded was used to determine the coefficientsin A,, C,,

and Q, and @, properly by minimizing a performance index that represents the square
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error between the experimental data and the value computed by Eq. (19), i.e.,

N
Pl = X wi(|Hyg i )1 =1 /" 1) (20)
subjected to the constraints that require A, and A be stable, i.e.,
ReA(A,)<0; ReA(A)<0 (21)

In Eq. (20), f.” represents the k-th frequency response function obtained from the
experimental data; w, is the weighting assigned for the k-th point, N is the total points

considered in the minimization. In Eqg. (21), the notation ReA(.) means the real part of the

eigenvalue of a matrix. To ensure that global minimization can be achieved, a numerical
optimization technique called genetic algorithm (GA) was used for searching the optimal
solution. The GA method is generally developed to imitate the gene evolution process in
biology. It contains important features such as gene selection, crossover and mutation, and
it has been demonstrated to be quite efficient in many applications [Man, Tang and Kwong
(1999)].

Once A,, C,, O, and Q, are obtained, H,,,(iK) in Eq. (9) can be computed by

using the relations in Egs. (10)-(12). Consequently, by equating Egs. (8) and (9), B, and
B, are respectively the imaginary and real parts of H,,,(iK) divided by pU*D?K?. It

should be noted that the choices of the orders of » and m in Eq. (9) are determined based on
the satisfaction of GA optimization. A process of trying error may be necessary.

3. EXPERIMENTS FOR IDENTIFICATION

The experiments for the identification of aero-elasticity were set up by following the
schematic diagram shown in Fig. 1. The horizontal shaking device is a moving platform
driven by a servo-motor, and it is connected to a rod that is rigidly jointed at the bottom of the
building model through two springs as shown in Fig. 2. The motor is controlled by a
command that tracks the excitation displacement. For basic study and comparison, the
scaled building model used in the experiment is a square-shape prism with a height/width
ratio of 7 (10 cm of width and 70 cm of height). As shown in Fig. 3 is the prism model in
the boundary layer wind tunnel of Department of Civil Engineering, Tamkang University,
Taiwan. A pitot tube at the building height, located slightly in the upstream side, was used
to measure the mean wind velocity.
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Fig. 3: A Square-shape Prism Model in
the Wind Tunnel
For identifying the building property, a wanu-nimeu  wine-nvise Ul exciduuil

displacement x,(=d -6,) generated by the shaking device was used as an input source to
excite the building model and the building response @ was measured correspondingly.
The resulting experimental frequency response function H%O (za)) was computed by using
the FFT technique. By solving the algebraic equation given in Eq. (A-5) for the coefficients
2¢,m, and w3, the curve-fitted result was plotted in Fig. 4. Consequently, the identified
system frequency and damping ratio were 20.6 rad/sec (3.28 Hz) and 0.92%, respectively.

Fig. 2: Horizontal Shaking Device

10

(@ - Experimental Curve-fitted (b) Experimental Curve-fitted
100 ~ 4

w u INS S, i
S 10t L TR
S 1 ?
: g
< 041 o ot A A

1 10 1

Frequency (Hz) Frequency (Hz)

Fig. 4: Curve-fitted Result of Hy, (iw): (2) Amplitude; (b) Phase

Similarly, the same technique was used to calibrate the mass moment of inertia by

following the relation described in Eq. (5). The result of linear regression was plotted in Fig.

5, in which the calibrated mass moment of inertia is obtained as J=0.0646 kg-m?. Therefore,
the system stiffness %, and system damping c, are obtained as 27.41 N/radian and 0.0245
N-sec/radian, respectively.

For identifying aero-elasticity, the same band-limited white-noise of excitation
displacement generated by the shaking device was used as an input source to excite the
building model while the smooth along-wind flow (without using the roughness elements and
spires) with a constant mean velocity was simultaneously acting on the model. The
corresponding building response 6 and excitation rotation angle 6, were measured, and
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thus the resulting experimental frequency response function HgWgo(ia)) was computed by

employing the FFT technique.

1.E-02

5.E-03

y =0.0356x + 0.0023

1/we’ (rad'zlsec'z)

0.E+00 ' ' -
0 0.05 01 015 0.2 0.25
AJ (kg-m?)

Fig. 5: Linear Regression Curve of Mass Moment of Inertia

The results of Hg@o (iw) under the wind flow at seven different mean wind velocities

ranging from 5, 6, 7, 8, 9, 10, 11 m/sec were recorded. For clarity of illustration, only the
results from mean wind velocities of 5, 6, 9, 11 m/sec are plotted in Fig. 6. As observed
from Fig. 6, it was found that the along-wind flow suppresses the vibration and the
suppression effect becomes stronger as the wind velocity increases.

100 ¢
F —U= 0 m/sec
[ — U =5m/sec
U =6 m/sec U increases
o 10 F —U=9misec
E U =11 mi/sec \
[ ‘\PI/’/ \'\‘i
< 9 ﬁwﬁv‘/’n’“ ' § «ﬂﬂ
Al i
0.1
1 10

Frequency (Hz)

Fig. 6: Experimental Frequency Response Function ngo (za))
under Simultaneous Wind Flow and Forced Excitation
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Under the same velocity, other relevant tests also revealed that the relation in FJ’(’,O (i)

for situations using different excitation level of 6, is nearly identical. This important

observation provides the evidence that the identification results for aero-elasticity in the
along-wind motion will not be affected by the level of forced excitation.
By following the GA minimization technique described in the previous section, each

experimental curve of Hy, (iw) in Fig. 6 was curve-fitted. In this paper, the order of the

numerator and denominator in Eq. (7) with »=3 and m=2 are finally used. In this way, A,,
B,, C, become relatively simple and can be expressed as

-a, —a 1
The substitution of Eq. (22) into Egs. (18) and (19) leads to a simple form of H}, (iw)
written as

=% oL, 2L o i) — L (k.
nggo(iw): 5 (lalJ) Jl(ce a1+k9)(1w1) 5 (cylao +ky-ay) (la;) ; (lf, ag)
(iw)4+(“1+J'Co—J‘Q1j(iw)3+(J'Co'al—J'Ql'aN'ao*'J'ko—J‘Qo}(iw)z (23)

1

. 1
+J«(—cl—Q0«al+k0 ca; — QO -ag + ¢ -ao)(zw)+j-(—QO “ag+ky-ag —CO)

Experimental Curve-fitted (GA) Experimental Curve-fitted (GA)
o 100 o 100 Do
U=5m/ k] =6 m/sec
2 10} meee (a) 2 10} (b)
S s
< 0.1 L L + e 0.1 L + .
1 10 1 10
Frequency (Hz) Frequency (Hz)
Experimental Curve-itted (GA) Experimental Curve-fitted (GA)
% 100 U =9 m/sec g 100 U =11 m/sec (d)
2 10} (c) 2 10t \d)
< 0.1 + + s 0.1 L . s
1 10 1 10
Frequency (Hz) Frequency (Hz)

Fig. 7: Curve-fitted Results of HeWe0 (la)) using GA minimization : (a) U= 5 m/sec;
(b) U= 6 m/sec; (¢c) U= 9 m/sec; (d) U= 11 m/sec

The curve-fitted results for mean wind velocities at 5, 6, 9, 11 m/sec using Eq. (23) were
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shown in Fig. 7 (a)~(d). The program for the computation of GA minimization was
developed by using Matlab software. Therefore, with the coefficients a,, @, ¢;, ¢, Qo

and @, identified, HMe(iK) in Eq. (9) was computed by using the relations in Egs.

(10)-(12). Consequently, the values of B; and B, corresponding to the non-dimensional

frequency K were obtained for the four cases with mean wind velocities of 5, 6, 9 and 11
m/sec.  To distinguish these four curves, a non-dimensional reduced velocity defined as

U=U/f,D, inwhich f,=w,/ 2r, is used, and their corresponding values are 15.24,
18.29, 27.44 and 33.54, respectively. Shown in Fig. 8 are the plots of B, and B, versus
the non-dimensional frequency K. As observed from Fig. 8, the values in the Bl* curves
are very close to each other while the difference in the B, curves is a bit greater. However,
the differences are considered insignificant from the experimental point of view. The mean
curves of B, and B, computed were also shown in Fig. 8 by the dark solid curves. The
values in these mean curves can be substituted back to Eq. (8) to calculate the mean value of
H,,,(iK)lpU®D?H . By using the curve-fitting technique described by Eg. (A-3) in

APPENDIX, the realization to the frequency response function of motion-induced wind
moment in terms of iK can be finally obtained and expressed as

—14.966 (iK )* — 2878.1(iK )* — 343.89 (iK ) + 0.3365
(iKY +192.55(iK)+1.78

H, ,(iK)=pU’D* H

for 15.24 < U < 3354 (24)

For the general use of taking into account the aero-elasticity for such a high-rise building,
the mean curves of B, and B, or the mean frequency response function of
motion-induced wind moment given in Eq. (24) shall be suggested as the engineers’ reference
for analysis and design.

To verify the validity of the obtained frequency-dependent aerodynamic damping and
stiffness B, and B,, the numerical simulation using the identified B, and B, was

conducted for the same model under wind load buffeting and comparisons were made with
those from direct experimental measurement. For performing numerical simulation, the

state equation expressed in Eq. (17) is used with (—c, 90 —k, 0,) replaced by the buffeting
moment M, (t). The time history of M, (tr) was acquired from the measurement of the

high-frequency force-balance test in the boundary layer wind tunnel that simulate an open
terrain with a power exponent of 0.15 and a gradient height of 1.2 m as shown in Fig. 3.
The resulting turbulence intensity at the ground is 20%, while it gradually decreases to 3% at
the gradient height. On the other hand, the direct experimental measurement was obtained
by measuring the buffeting response of the elastic prism model in the same boundary layer
(see Fig. 3).
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Fig. 8: Plots of Frequency-dependent aerodynamic damping Bf and
aerodynamic stiffness B, versusK:(a) B;;(b) B,

Three different situations at the wind velocities ot 6, Y, 11 m/sec were conducted for
comparison. The temporal standard deviations of the buffeting responses from direct
measurement were listed in the 2" row of Table 1. The temporal standard deviations of the
simulated response by considering only the structure itself (without aero-elasticity) were
listed in the 3 row, while those incorporating the aero-elasticity identified in this paper is
listed in the 4™ row of Table 1. It can be observed from Table 1 that the prediction errors
(see the values in parentheses) for the simulation without considering the aero-elasticity is
over-estimated as largely as twice. However, with the identified aero-elasticity incorporated,
the error is reduced to as small as 5%. Even the response simulated by using the mean
frequency response function of motion-induced wind moment given in Eq. (24) can predict
the response quite accurately, as shown in the 5 row of Table 1.
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Table 1: Comparison of Buffeting Responses between Experiments and Simulations
(Unit: Radian)

U =6 m/sec U =9 misec U =11 m/sec
1) 2 3) (4)
Experiment c,=0.0034 c,=0.0081 c,=0.0121
Simulation c,=0.0064 c,=0.0212 c,=0.0313
Considering only the Structure (88.2 %) (161.7 %) (158.7 %)
Simulation c,=0.0035 c,=0.0080 c,=0.0122
Incorporating Aero-elasticity (2.9 %) (-1.2 %) (0.8 %)
Simulation c,=0.0035 c,=0.0079 c,=0.0119
Incorporating Aero-elasticity (2.9 %) (-2.5 %) (-1.7 %)
from Mean B;, B,

4. CONCLUSIONS

This paper presented a new approach to identify the frequency-dependent aerodynamic
damping and stiffness of high-rise buildings for the along-wind motion. The experimental
setup in the new approach was designed to focus on the global effect of aero-elasticity
without considering the detail measurements for surface pressure as in the conventional way.
By utilizing forced excitation technique, the approach involves the curve-fitting for frequency
response function and genetic algorithm for global minimization to identify the
frequency-dependent aerodynamic damping and stiffness. To demonstrate the applicability
of the approach presented, a square-shape prism with a height/width ratio of 7 as the high-rise
building model was used for identification. The identified results were found quite
consistent for a wide range of mean wind velocities. Moreover, the results were further used
to numerically simulate the building response for situations under the disturbance of wind
gust in an atmospheric boundary layer. The comparisons of simulations for three cases
under different mean wind velocities were made with the direct measurements, and the
remarkable correlations have demonstrated the validity of the identified frequency-dependent
damping and stiffness following the approach presented. Finally a frequency response
function of motion-induced wind moment representing the along-wind aero-elasticity is given
as the engineers’ reference for analysis and design.
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7. APPENDIX: Curve-fitting in Complex Domain

Consider that a set of data of frequency response function { f;, f, ..., fy}isto be
curve-fitted into a transfer function in terms of a ratio of two polynomials in s given by
H(s)=(b,s" +b, ;5" 4. +bs+by)I(s" +a, s" " +..+as+a,) (A-1)
in which s is the Laplace variable. The coefficients b,,b, 4,... b, by, a,,4,...a;,a, can be
determined by minimizing an performance index that consists of the summation of weighted

least-square-error between the curve-fitted transfer function and the data points, i.e.,
N
PI=3% w, e 1 e, = Num[H (iw, )] - f, - Denom[H (iw; )] (A-2)
k=1
in which Num[.] and Denom].] represent the numerator and denominator, respectively. By
substituting Eq. (A-1) into Eq. (A-2) and setting the derivatives of P/ with respectto b, (i=

1,2, ...,n)and @ (i =1, 2, ..., m) equal to zero, the minimization leads to a set of

simultaneous algebraic equations given by

* * b *
real Q*AQ Q*AF = real Q ,{\ F (A-3)
-I"'AQ T AT'|]|a - AF

in which
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(io))" -+ (i) 1 (iwl)m_lfl (ia)l)m_zﬂ o (i) f1

Q= (l'w.z)n (ia"z) 1 T = (iwz)‘m_lfz (iwz)'m_zfz (lwz)fz (A-4)
(foy)" - (loy) 1 (in)m_lfN (in)m_sz o (ioy) fy
(iwl)m fi a1 bn
A =diag(w, wy, ..., wy); F= (iwz?'"fz ;a= : ;b= :
: a by
(ioy)" fy g b

In Eq. (A-3), the superscript * represents complex conjugate and transpose; and real [.]
means the real part. In Eq. (A-4), i=A-1; f; is the value of the j-th data point
corresponding to the frequencyw;; N is the total number of data points; and w; is the
weighting parameter for the j-th data point. Therefore, the coefficients b, (i =1, 2, ..., n)
and a;, (i=1,2, ..., m)can be determined by solving Eqg. (A-3).

In case that the order of the numerator is smaller than that of the denominator by 1, i.e.,
n=m-1 and the coefficients b5, and a; satisfy the relation a=-b, a simpler form of algebraic

equation expressed as
real [(QQ +T)A(Q+T)]b=real [(Q +T)AF] (A-5)
can be obtained by following the same minimization procedure.
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Determination of Flutter Derivatives of Two Decks in Tandem
Arrangement
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Abstract

Flutter derivatives are aeroelastic parameters and are crucial to the aeroelastic stability
analysis of cable-supported bridge. The aerodynamics of most important cable-supported
bridges is studied in the wind tunnel test. This work uses measured responses of section
model in wind tunnel tests to determine the flutter derivatives of the model under smooth
flow. Two stream deck sections were used in wind tunnel tests with smooth flow. The first
model is single deck. The other is the two decks in tandem arrangement in wind tunnel. The
down stream section can be measured. The results indicated that the up stream dummy
section would affect the flutter derivatives of the down stream section.
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Abstract

Chimney is a tall but thin structure so that wind load is a dominant factor in the
structural design. To understand the dynamic behavior of the chimney under wind load, a
vibration measurement in-situ was performed on the chimney. The measurement in wind
speeds, direction, and vibrations for existed chimney will be carried out. Then, the dynamic
responses of the chimney will be measured for the identification on the chimneys’ dynamic
characteristics and for the vortex induced vibration phenomena. Moreover, these results can

be very useful for the validation on the wind tunnel simulation in the future.
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Measurement of Wind Pressure on Two Chimneys in Tandem
Arrangements at High Reynolds Number
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Abstract

In this paper, pressure distributions on the surface of two circular cylinders of the same
diameter in tandem arrangements at simulative high Reynolds number in win tunnel test are
studied. Modification in the set-up and testing technique in the wind tunnel test were used to
simulate the behavior of a chimney under wind flow with large Reynold’s number. Both
roughen the chimney’s surface and introducing the extra approaching turbulence techniques
can be used to modify supercritical Reynolds number. The interference of the circular
cylinders in tandem arrangements at high Reynolds number have to take into account under

the influence from neighboring structures.
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Abstract

Domes with large span and grand standing arched roofs are common structural forms in
the modern architecture practice to meet both the functional requirement and the aesthetic
consideration. This type of structure system tends to be light weighted and relatively flexible,
therefore, more wind sensitive than the other large structural systems. The simplified design
wind load in the current building wind code is suitable only for small to medium size storage
dome. A more sophisticated design wind load procedure is needed for large span dome or
arched roof system.In order to investigate the designed wind loads of arched roofs, this
project used a real arched roof system in Kaoshiung as the target structure. The Load-
Response -Correlation Procedure (LRC) and traditional procedure was used to evaluate the
proper design wind load.

- 309 -



- \-,g—f,-;-

A EBEARPE AL AR LEIL RS AUT LR LGRS
B ERUL TR R B LR LR L Bﬁ@ﬁ*ﬁ%%é
i Fﬁﬁﬁmi IR E RN EE SR LT P RS LN
fodt b 4 NS B AT e R .s-p—kff&#ﬂ* A RS RS X T

PR A ) hE R T ,ig%g,;@;{% 2o Y n RTRAERS AL F
B o H-E R ORI E TR ok > AT R AR 2 e

BT R €2 5 5 & 1991 & w52 ’ﬁ % A R R B LR K e
B AAEE F M. Ksaperskl[l]%* 1991 & #% & - # % (LRC)load-response -correlation
Q%;,ﬁ%ﬁws»wﬂé?y§m¢¢&<%ﬁﬁ@mmﬁéamo%%ﬂﬁ
BHL TR E A AT E e @ B IR T ‘g.}lﬁ\-é‘/}mq\ *&?‘iﬁéﬁi B B A
Bk B(LROF* P ELEALZ LA T B FHRTLF P L) T W
E°“”f%%Lﬁ*pf@méﬁﬁk%gﬁpfiﬁéﬁio

D

Sk,

\

3
R

"\1 TE

- 2L FR

it B %‘f % M. Kasperski [1]*+ 1992 3% &1 — B g * ¢ 8 o 228 B4 ek 32 b
EEF o ERPPEAG L) HREF BEPEF LM ATREN L AT
MGG RS A F RIS F RREFLR Y 2R FF A ko AT e

rex=Tr 0,0, (1)
HeT: FRTHE-
o FREEL-
g 0 AUEFF LR NP A BERE G- FREME 438 35-37
2 MB35 5 A2 gk EiE o
MR E BFFOTELF B EEUE BTIE 0 4o AR

Pt

'—h

GRF = 2= @
r

AEEFRPET AL LR F RFF L PETHE S hoT AT

p.=GRF-p 3)

- 1Bk SLERT O Rt TIaRNE BT AT o T

{r=[A] - {p} (4)

- 310 -



2o {55 e E(0D) -
[A] 83 i (nm) ;
g itk E R EpE o 183 4 hF s o
{p}:TEfEwE£(MI)-

¥4t £ = covariance #E“ifif‘u? " T AT

[671=[A] - [o,] - [A] (5)
# ¢ [o7]:F fsehcovariance 4B (n,n) ;

[07]:4% € 2 covariance “&'¢(m,m) ;

[A]" 5 A e 3 4B o

B R 12 4V £ k <P covariance %‘F‘F—T* = B 5 etk b Y £ ohcovariance 4E
W «&r"' AT

[o7]1=[A] - [0/] (6)
# 9 [or]:44 £ & F &b covariance <E% (n,m) ;

~Eik:F &i _%E?fjai k £ covariance -

[07]:4% € 2 covariance 4&*E(m,m) ;

~% Kkl £ k & 4 £ | ¢ covariance ©
FIt (D)7 R S AT AT

L :Zaik‘ [ \/ZZaik S8y O'skl (7)
pry

£ Zam PR K@@ ko R F RTHENRD @ g-\/mkd +(5)
k=1 1=1

’.—:\F).E%Jf%—?éﬂ(\i N N L P
FRNOE)F » (T EATEET

m | Za.k Zan‘ Y

Aok

| P *9 (8)
- gl: Gii
d 7 (6)¥ 7
fpk za” ) O-pkl (9)
X _ O-'fpk
pn P (10)
O "Op,

£ p, F R B E K P B e -

oo P E KL -

-311-



EEEEN (9) g7 S\ (10) 3 r;we* &

m
2 — . 2 frd . .
Orp, _Izl:ail Oy = Prp, "1 Oy, (11)

LN (1)~ ~ (8) » 7 04 18 3]

. =Zaik " Pt Zaik' Pip* O, (12)
pe= k=t
_za.k ’ k0 Prp, k] (13)

I T LT P, Oy 1R RS & F R RS RS R ¥
EFELEPE > TE R P A R LRC 2 4k £ F -

ERNEES R S

hv A B E G B ERLT B RIELRS P RIS 5 12000 ARHT T %
WEEM 4o o
(-) #%®RE

ARPEP R LR OFRE ST T R R Rk B
B hiF o h FFHHEE18OmM Hé¥ra £ 3.2m~3F 20me b 7 5d #23h 52
Eaga @FRAE o Hing PR 07Tmis T 15mise bhF %KY 0 FlEF T EKTR
5 375Mis> G AR hE R 5 1:2000 % b i 10m/sy FpiE R A A 1
3.7;5%@.%{‘52é1:54o§$5655¢"1€*'$““'»’Aﬁiﬁvlo)iﬁﬁh =R OBRE o YRR
P e Kb oo A ET wim+*&@%#$’*ikﬁﬁym*%*ﬁ%’%
SRR R B AR B S - 1200550 B B UREY  Ad PR BT A
184 /R4 Biplgh > d P TRA LT E DR BRE - BHAeB()rT e

BI(1) R17 # =+ 1:200 & 2 4 B /& #27)

(z) PP 2 A+ TR
BERLT 2B FERING S FHLE AT TN 22 g

-312 -



LA RE 4 R 4R “""f#”l"f#-‘g\‘ % ﬂ\ﬁﬂi" ¢ mBH *35%1é§]ﬁ7@7?‘_€ > 37 A BTE
Pl “r%miﬁﬁPaﬁﬁpﬂao

H#EE L 153.8m > K 36.72m s  F LT % 50.3m > B 7E A B 25 25.53m >
8% 22.138m - cable £ § 16 & ; # & w5k 4o B (2) ~ BE@)#r7 e

T T T T T T |
SN S S S (S S |

/ Y

TR .
A b X
At

T T T
| I S W N b =%

/)
&
A
Y

N
A
&
7

N 7

S I —— —
I ——

B(2) ¥ & 7 XY & %Ak

BI3) ¥ & £78 XZ & & iwajk

(Z) RFPEFEE
(1) @ ..wu&}z"l'i\‘ji/z

BRRFPE 2P E PN - LR LR FRFF R A BER IR P E LR £ BT
R AL P LTI 4 PR £ TS (gustfactor) s TR RFRE o A BER
FRPELMPERTIOR 4 LA P PEGIERR 4 2 TE R 4% 75 (peak
factor) » i % 3% »L;\@c AT VBRI RELRIT R AR B R iRF
)I’@’R.’rﬁ‘”rsé:\’uti ;V}a ﬁ‘l _t\,.,{fl@;o

it 4 LR R R Y bl Ll s SN S A
R DRl TR o S L R SR Rk bR
P2 S S EY BT A W“lm7k?1’ﬁ@41?ﬁﬁwlm(hﬁ>
fERS e #Te (X4)-

4R RFHRTRERZ AR R B AL BRI ART R 2R o d
WIZ B RN E S e P T FA e g 0 F L&@‘&XYZﬁ’fg%\/”\’E'yﬂYﬁ21r?”
B o Xfhiz & TX (Rx) 238 2 3¢ K*q%r'ﬁ&@%& PRYSZrel AR %
AR A RX % 5 ph2 fEdES (7 o ;L%w’?"’%w{ o Xphs o 2 2 "‘?‘FTE %5
L R B EE - BERER Y AR Y G L 2 A0 FOUAEL Ytk
BREpIBEA P2 TiaiE o R L PIEEE ﬂlkhflima £ E o 2ip|BE2 TIE B

-313 -



Y BB LG - AL i L0 < SR X i S s
BT R el BT B BN ik B RS L0024 Bk

m(4) 2 GOk AA A R 5
ZERF AR P EEETARFRPE LA EER PR 4 LR P ET
EoE e b o LS EE PE AR S

Fraxi = F + 9o (14)

g=+/2In(vT) 05772 (15)
¢ F .:;tﬁ'rmw fﬁm&?&?ﬁ P idas ioh {14 92247

+(peak factor) e o =B’ +R* A ¥ i & B2 SR P LB RE-TAIFRF R
B & xkF R A

Q-—;,H-ﬁ;m FEhTiap 4 300 5 T Uk b @ii?‘]ﬁé%ﬁﬁﬁ%ﬂ o#;&s%s& 3 IR
-HRZAPZEFEREPETREA KR A MFHS () 5 TAZ gHEE 4 sk
" °~-‘$T{¥§»ﬂ‘%%%§£}l# 2 AL AT

MY () +CY (t)+ K'Y (t) = F*(t) (16)

F£¢ o MCOK' A B3R ERETE AR RE > FIOAR &EER 4 -

M = [ m(2)¢* (2)dz

K =["El (z)(¢”(z))2dz an
C*=2M°(2xt,)é

F(t)=] Fztp(2)dz

r2 Fourier Transform &4 T 4 & > ¥ ¥ B & b # #f 3 (generalized wind force
spectra) S_.(f) « A & AR R £ THER S - K =KY » 2353 13 ¢

Nud

. %
o =Ko, :UO S,.(F)[H()| dfj

SR

(18)

IH(f)[" =

-314 -



BhAFEY ORBERPESITRF BREERF oA IR IS
Sl A L ARF A A G REERBIPT - F o B ELE P EOT R F BE &R
*REHREPESE o

TR P E R RIS T T R

, nf

ORr :4_608':*(%) (19)

AEBRETERS-FE L Xk > Ra BRSP4 ARiE Xwh 4 jpd o
GreaTAEl  BEGFRAPRE FIRASHENS S B2k G2 RX (28#) &
FLIABELE I wEH A4 204 XALZY 3w h P L EZ3wh 4 L ENHE
BT b PR TS o T RELFERPEE Y Z 3wk P L B2 ﬂh}hi\-’é":
ﬁiﬂ\wkoﬂwiviuRWE%7%aﬁﬁP4 P%F#Qﬁﬁ$?%v 1
BPREFRERRIA 20 B FRIRNABER PE BT R ZE ML
e LN E B

(2) LRC 2

LRC /235 iifzdo™ !
LEHFENRFERPF 1
2. EHEL p B
3. d Tk 4 iﬁfﬁf’?%ﬂ? TR T gt g
4. i\- EIHEsd R O
AfERFivio,
B.#“ £ covariance ‘% o -
5. 3+ 8 # 2 F) 3 (influence factors) a,:
FE P LG A KB P R A 2 hig ph AR 0 3R 5 d SA2000 A2
Forrik s 2 B A BT o Bt b (444,80) B o
6. FESETHEDE T
d AR {F}444><l [a]444x80'{ﬁ}80x1
TP EHERELRE o

80 1/2
- £ 48 .
TR oy {Zaik -Za“af)kl}
k=1 I=1
. 7R E p R pEE L p,
- X $E. -1
E R Po = [Zaﬂ G }[O— O-]

9. if #& 2 % %) (peak factor) 9:
10. i»> 35~37 2 » AFsk? B35 5@ % @ o
1258 & - & g4 f o4 ag%%%ﬁfﬁfﬁ§“§9 i P, :

-315-



iR RE p (MaxK)=p +9-0, o,
BT R - 2 A SRR e A A e -
KA P - £GP M EEPEA G SRR CHERPELERE . &

v G BTE G R 5 2 b B ER e £ A G A K IE S R

T
7~ ?%%%7@;_}%

(-) ¥ e BEERFR 4 FHITISELE RMS E£4

dRBHATER 4 FRFHRLTHEY T OUER ERY 6 BT KE DA it
W ’fgﬁ?é;gu WABEAY IR R - Ko FlE AT A2 bt hie(T
AT ket 5 100 B(F 2 2 0B BRI E) e 2t A B(B)~(6) ¢ A

-

Mot h

PR OIE I BHR 4 T I0E 2 RMS ki A A R T IREEEA G
Furfih 4 T30 RMS B % 600 T h AR 4 > i3 2 BAY ARk .

W R
0%0220/’*5 ; \/25‘650\20% \
W (@

\ﬁfﬂi::%iﬁéggz%;ﬁ:

F(G) Tioh BA GHEFALR )

Noa befs fg —12- S i3 86
7 2N, <16 ARG — 2518 . 7o 12
LS e AN

BI(6) # P b RIo 42 E A F (H 5 & & b w)

(Z)¢ 5 EERFRPELEEFRPLENR

d LRC j# - £ EB7 444 Bt 2 cnsh ph§ 4B 4 F g~ % » 9T -6
FRPEASG > RERAIY d LRCE RN Z ZFERFRPEL G B - A5
FARI BT 2 A PERP R AW G ETE G S AT
FEEAd e ARG HE - Fllds e APFRUF- FLed 6 R dr B
BARFBTEIIZ KPR PESFEAPGRT TR PRAY - SRR L A

A
=
s

- 316 -



=

N VI ‘Br}:"i;\lé‘t’ Z_ Bk B IF

% »L;&

4 i (f 4 LRC-simplified) - % = #&

P 20444 ek P E 2 &~ (A LRC- max) FAOALs N p FRFFEBE

T h LT RE L
TR 37 &

AREA 6

Fe AR REP LB RPRFEPELF I RALF G L
KPP L2 LB BP LS L2 FAoB] (7) 77 e

AREAS

AREA 4

—
e

AREA_3

ARA2

T
it

AREA_1

B (7)) fE8AT

B (8) = fi% H?J’Hkg\é e BAVE Rt R ﬁ_ifr

/5‘@’ P A EKIR i\:é_ £y

KR Y E 2 &~ B (f A LRC-max)

24piT o & AREA 2 i 4 VL:)H&;\@‘
REPEL S A RS

AP PE Bz R P E2

AR

2 +L& 3

22 AREA 1 4piT -
i AREA 4 -~ AREA 5+~ AREA 6+

oh % AREA_1
‘spas%*ﬂ.wf KR PE 0 # = RLRC # 237 444
VA ERT L E 2 -&mJ* LR R

# AREA 3> o &
CHRER R P E M
Bt T B RE APAT o

ot

AREA_2
AREA_1
180 180
o [ Rt o | [ RESmed
= =
o {7 1o i LRC-M:
|~ LRC-Max ax
120 120
2 H
L2 = 10
80 80
60 60
40 40
20 2
0 0
80 60 40 20 0 2 0 &0 ) Y 60 20 20 0 2 W 60 80
X X
AREA_3 AREA_4
180 180
~O- LRCsimplified —O- LRC-simplified
160 | g 160
- s
140 | —a-LRCMax 10T | A LRCMax

(KN)

(KN)

- 317 -



AREA 5 AREA 6

—- LRC-simplified |~ LRC-simplified
160 || g 160 || g

- -
140 | & LRCMax 10T | LRC-Max

B (8) 3 E 0 W

dR(9) Fa At AR BRAEBRERRY AR LR AR 4 TIOEL FRID
SR TR 4 ) o ek 4 4EF A 2 EB 0 4o AREA 1 2 AREA_2 > LRC-max %
FREM RS A LRC-simpIifiede”ﬁ‘_Jk FRF|FZ22ZHIFh 4 A s R Fpd &7
FOF M S R L 2 9 R S R AR T 12 3 £ LRC - simplified
FHITER FRFFELRFR A o RPZTRFBA PR 2B EE RITL RRH G AT
%k’fiib&4¢’ﬁk4%ﬁfiﬁz’réﬂ@gi

TR AT REHEA LR G ed AR TR N2 AR ER LT
&0 B ?"‘?*T#%f;—%/%ﬁé?» Xt » 2Ra 2 Sk Xoh 4 p3td e 2 %
TR BB RERBAPE oA S % ZRAEZRX () FHLAILIRE -
e E G E e r J‘H‘l#ﬁ?i}%.@é A2 LRI DFHEEA 2w Gk 2 KR
NERWA S EBRFRE LA IFBPHRG R L EOCER S 2% RS
ETRA R Y - - 3 "'T’fe* FEFRPEEHR Lo E 2 Bt o e AT R
ZHRERTE o R R B PR 4 2 o e

P WL E A RT 2 P L BERFTEL ART FaL KT E 0 ¢ 1 AREA
4 ~AREASAREAG: ARG {LF A% o0 UL nEE fiEa T b
< B 5 RER ’Li\é‘ ¥ % 508T » # =t & LRC-max FJ{’*?-%I‘ 8% 494T > £ H =t 2 LRC-
- simplified K- £ ) 5 396T » B] 5Lk & B FF KL 9 5 380T -

WP ERFR P L AE - h &0 B REF o AR ERI AR AR
PP B ETE Y & X phE e S e s s e E o NRET RE T L2
B4 ;ug_q;;t o

- 318 -



MEAN RMS

100 ~O-AERA 1 30 - AERA 1
B AERA 2 W AERA2
@0 —A—AERA 3 A —A— AERA 3
80 —A—AERA 4 » —& AERA4
~O-AERA 5§ ~O-AERA S
—@—AERA 6 AN —8—AERA 6

B (9) —?\:i\‘ﬁ‘%xfﬁfﬁ&J—l&’lmlq‘%frvi’lﬁ 1 g

B
P

-$

I
4 XhPEERZ IS DT om bt h b 4 TEEE RMS
’ag LTHU%@&« VIR R E B AL Y - Skeho
2. WA RFHLEEEE S F B R P EL FAERETRE 4 FRTRT S
B HARE AR 02 > KT J*rsk;,s‘ 4 )ﬁg&if—;mg,w{@mg\%q s e £H LR
PREEVR A FRETHEEE L FF S TV AR b 4 R RMS BI04
WRIR LG AT AR DT
3. WRBEXFRPLASGEFR LRC;{%‘;‘E‘_TE—,@W—J&Fi,%ﬂ—?iéif&?}k
4@éﬁﬁ’@i%ﬁ&4ﬁ+%ﬁfﬁﬂg¢m@;$oaaimM4@

f&&ﬁéib@@a&&ﬁé%w ® gﬁ&iﬁFmﬁ@°m%£
R 444 e X ""}ki\é‘ﬁ»’\mm‘;{;"‘}ki\é‘ i E S OwRE K %"‘igfiﬁ
[

4. BRI TR AEEX L
B i

CHB AR E S T R S A2 £
%K&’Fﬂﬂ%ﬁ.ﬂ“& A]

I A —‘%‘_.\d,;ﬂg;‘m,\ » & _ﬁ\i}:a—i\‘.@‘
ERINEFP RS oA FHTE LEFEAT kA ELRERTT
£ 2% 5 LRC-max %34 £ - # 2 =x 5 LRC- -simplified » & 3 "Lk F &
rﬂ.;.«; ?J—i\.@“ o

f%#lﬁifr TP BB XE TS AETES RIREY -2 - 3 E 0 &
B R R P R 4 2okl R ETE Y & X L 0 1Y
HH e ad X  NrFETRET 2R LA

24

1. M. Ksaperski Extreme wind load distributions for linear and nonlinear design, Eng.

- 319 -



Struct. 1992, Vol. 14, pp27~34.

Cermak, J. E., Peterka, J. A., 1974, " Simulation of Atmospheric Flows in Short
Wind Tunnel Test Sections™, Center for Building Technology, IAT, National
Bureau of Standards Washington, D.C., June.

B. Bienkiewicz, Y. Tamura, H.J. Ham, H. Ueda, K. Hibi, 1995, "Proper orthogonal
decomposition and reconstruction of multi-channel roof pressure” J. of Wind
Engineering and Industrial Aerodynamics, 54/55 , p369-381.

-320 -



The 1'' National Conference on Wind Engineering NTOU > Keelung’ Taiwan

BEZARITR Y R BLDFFFEZAN

Ep o E g e 2 R @
PR SRR N i Y i L L = A A 2B
2L A B A1 EE A R IEAT P
3T A F I A1 T LRI BEAT P

# &

FAZAZAIRS Sup AR R - BT LA RAZZAF RS
Bh HEH LA Ph G E o A 2R G RER B P PR
RRF e ¢ FRECEREE R R SR AR — PR A2 3 AR SR 2
Hivmz g Rz ap g FHRERARY 7 HiES PR Ut o Fpt b JF I
RAB KPR P EE R B L HRET AT E53 k0 A2 FPF D
AT AHAEDAI ROF R R E SRR LA TTLBERERTERR S AR R
Z A TE R RGP ZR CPP R 2P b FRIFLEF V- A% Y]
P E2ART 4 FxFy £ 4 3 136,098kN ~ CPP 2 2 A+{* £ R & 140,881kN » = 4
£ 85 34% -

Abstract

The main load of a high-rised building are wind and earthquake. To build a building
that can afford strong winds, we need to consider the dynamic effect induced by the wind
flucture. There are two methods to estimate the wind loads of builing, one is CFD, the
other is wind tunnel test. Due to of the complicated geograph and wind field, the CFD
simulation is difficult to use. Therefore, the wind tunnel test for wind loading and wind
pressure is common-used way. For 85 building, this paper uses the wind tunnel test to
analysis wind loads and pressrure. At the same time, we compare the outcome with the

CPP test result, the original design company of this building. The difference of loading
between this paper’s 136,098kN (Y1) with CPP’s 140,881kN ( A+) is 3.4%.
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Abstract

The purpose of this paper is to investigate the aerodynamic responses of the Kao-ping
Cable-stayed Bridge by using full aeroelastic model test. The measurements contain the
dynamic responses of the bridge model at different wind speeds and the flutter wind speed.
The full bridge model was constructed based on the similarity requirements, which include
the flow characteristics, length, frequency, air density, viscosity, wind speed, the acceleration
due to the gravity and so on.

The test was conducted under smooth flow and turbulent flow. The results show that the
vortex shedding was not observed at low wind speeds. Flutter of the bridge model did not
happen even the wind speed is as high as 120m/s. The vertical and torsional buffeting
responses of the bridge at the design wind speed, 52m/s, are in the allowable range.

Key Words : Similarity, Full aeroelastic model test, Flutter critical wind speed, Torsional

divergence, Buffeting, Vortex induced vibration.
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ABSTRACT

The Wind Engineering Research Center at Tamkang University has launched a field
measurement program in 2005. The entire program has three projects: the characteristics of
atmospheric boundary layer, wind effects on a tall building and a pedestrian cable stayed
bridge. Currently the atmospheric boundary layer project and the tall building project are
undergoing. An Internet-based data portal is developed to support the process, dispatch and
management of the collected data. On July 18" 2005, the strong Typhoon Haitang hit the
field measurement site almost immediately after the completion of instrumentation and then
followed by Typhoon Matsa on August 5. This paper briefly describes the field
measurement program and the preliminary field data from the atmospheric boundary layer
project and the tall building project.

INTRODUCTION

Taiwan locates at an area that catastrophes from mother nature are severe. Wind and
earthquake loads are two primary lateral loadings for land based structures and buildings. For
most buildings and bridges, under the shade of possible catastrophes, strong earthquakes tend
to cause great anxiety to the general public. However, for high-rise buildings, buildings with
large area of facade, long span structures or the lightweight industrial structures, wind load
gradually becomes an important or even dominant lateral loading. For all types of wind
sensitive structures, the nature of wind, i.e., the wind velocity profile & characteristics of
turbulence, is the most important factor that affects the wind effect assessment. There are two
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different types of wind that are important in Taiwan. Every year from July to November is the
typhoon season in Taiwan. It averages 3.5 tropical cyclone type of strong wind per year over
the past century. From December to February Taiwan has strong North-East Monsoon wind
as the result of large scale weather system. It is wind engineers’ interest to investigate the
similarity or/and difference on these two different types of wind. There had been some field
measurement projects in the past [Jang 1999, Shau 2000]. However, these field measurement
projects were not as thorough and systematic as those conducted in the neighborhood region
[Xu 2004, Kwok 2004].

The Wind Engineering Research Center at Tamkang University has launched a field
measurement program in 2005. The entire program has three projects: the characteristics of
atmospheric boundary layer, wind effects on a tall building and a pedestrian cable stayed
bridge. Currently the atmospheric boundary layer project and the tall building project are
under going. An Internet-based data portal is developed to support the process, dispatch and
management of the collected data. A 100m mast structure located at an open country type of
terrain is instrumented with five ultrasonic anemometers to study the characteristics of
turbulent boundary layer. A 30-story building located at the southeast region of Taipei is
selected for the tall building project. Four ultrasonic anemometers are installed at the four
corners of the building roof. Velocity sensors and accelerometers are placed on the center and
corner of the building to catch the lateral motions in x & y axes and the torsional motion. Not
only the building behavior under wind action will be studied and compared with analytical
and experimental works, it is this project’s intention to use this instrumented building to
collect field data on the human perception on vibration. An Internet-based data portal is being
developed to support the process, dispatch and management of the collected data. The
objective is to improve data accessibility, interpretation, sharing and application, as well as,
to promote international research collaborations.

Almost immediately after the completion of instrumentation and initial test on the data
acquisition, storage and dispatching system, Typhoon Haitang hit Taiwan on July 18" 2005
and then followed by Typhoon Matsa on August 5™.. This paper will describe the turbulent
boundary layer and tall building projects, and some preliminary results from the field
measurement data obtained during the two typhoons.

ATMOSPHERIC BOUNDARY LAYER PROJECT

Project Description

In order to study the characteristics of turbulence boundary layer, wind velocity sensors were
installed on a 100m high mast structure, which is a microwave antenna in Radio Taiwan
International (RTI). The RTI antenna mast is located at the Tamsui River delta area in Taipei
County. In the North, West and South directions, the coastal line and river bank are within a
few hundred meters to the field measurement site; and 400-500m to the East direction, there
is minor ‘topographic change up to 40~50m of variation in altitude. Within the 500 meter
radius of the RTI antenna mast, there are only a few scattered 1~3 story residential buildings.
Generally speaking, the terrain can be classified as category C terrain: Open Country. The
field measurement system includes four bi-axial ultrasonic anemometers installed at 20m,
40m, 60m and 80m level, and one tri-axial ultrasonic anemometer installed at 100m level.
Two bi-axial accelerometers were also installed at 40m and 80m level for monitoring the
structural response later on. Figure 1 shows the configuration of anemometers on the antenna
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mast. When the wind direction is from 45°(NE) to 225°(SW), it will not be interfered by

the mast structure while wind direction from 247.5° to 22.5° will induce distortion to
some degree due to the interference from the upstream truss members. The degree of
interference needs to be determined later in the wind tunnel to adjust the measured results
from those wind directions.

100m

80m dé ﬁ?ﬂf’--”t

i ’g.- J19PM L1:00 %

60m

Tri-axial ultrasonic

anemometer at z=100m
40m

20m

Bi-axial ultrasonic anemometer
at z=80m, 60m, 40m, 20m

Figure 1: Schematics of the boundary Figure 2: Route of Typhoon routes partially
layer measurement at RTT antenna mast. excerpted from Unite Daily News

Preliminary Results

Right after the completion of the field measurement system in May 2005, Typhoon Haitang
made landfall at somewhere between Yilan and Hualien in the morning of July 18", Typhoon
Haitang was classified as a strong typhoon, i.e., the maximum wind speed at center was over
198 kmv/hr (55m/s). On August 5", Typhoon Matsa passed through the northern tip of Taiwan
within a short distance. The routes of Typhoon Haitang and Typhoon Matsa are shown in
Figure 2, which clearly indicates that Taipei was within the cover of both typhoons.

Figure 3(A) shows the 10 minute average wind speed record of Typhoon Haitang. Figure
3(B) and 3(C) are the 1 minute average wind speed and 1 second gust of typical one hour
duration. These data includes only the results from the bi-axial anemometers at level 20m,
40m 60m and 80m; the tri-axial anemometer installed at 100m level malfunctioned. The 10
minute average wind speed record shown in Figure 3(A) depicts the variation of the wind
speed as Typhoon Haitang sweeping across Taiwan. At the peak of the storm, the 80m level
anemometer recorded 24.1m/s (10 minute average) wind speed at 3:40-3:50 in the morning of
July 18™. At noon of 18", the 80m level anemometer recorded the lowest wind speed of
6.4m/s as shown in Figure 3(A). The 1 minute average wind speed record shown in Figure
3(B) however suggests that, during the entire storm duration, there are several 40 minutes to
one hour duration in each typhoon exhibiting the characteristics of the stationary random
process. Therefore, for the preliminary results given in this article, the possibility of
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non-stationary was not considered.

o

2100 40 20 0200 0z40 x 074 Q24 1020 L
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Figure 3: Wind speed time history:(A)10 minute average, (B)1 minute average, (C)1 second gust

Two 60-minutes wind speed records, one each from Typhoon Haitang and Typhoon
Matsa, were selected for the data processing. Both wind speed records show stationary
characteristics and the wind directions are in the region of minimum interference from the
mast. Shown in Figure 4 are the measured mean wind speed profiles comparing with the
power law model. Since the gradient velocity is unknown, the wind velocities measured at all
levels are normalized with respect to the wind speed at z=100m, i.e., the comparison was
made by forcing the normalized wind speed at z=100m to be 1.0. For the wind speed data
shown in Figure 4, the power law exponential coefficient is about 0.20, higher then the
a =0.15 for the category C terrain defined in wind code.

Figure 5 is the longitudinal turbulence intensity profile. The turbulence intensity varies
from 0.08 at z=100m to 0.27 at z=20m level. The integral length scales at 100m level are
found to be 185m, 41m 28m for the longitudinal, lateral and vertical component turbulence,
respectively. The power spectral densities of the longitudinal component are plotted against
the Kaimal spectrum and Karman spectrum. The lateral and vertical components are
compared with the Karman spectrum only. The power spectral density estimates are the
average from six segments of 10 minutes duration wind speed data. Figure 6, 7 and 8 show
the measured wind speed spectra agree quite well with the von Karman’s spectral
formulation.
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TALL BUILDING PROJECT

Project Description

This building is a 30-story commercial high-rise building located at the southeast region of
the Taipei city, near the campus of National Taiwan University in only one street across. The
terrain condition surrounding the building in Taipei city is shown in Figure 9. Although few
kilometers away in its east are the mountain sites, the surrounding terrain can still be roughly
classified as an urban area. The building is prism-shaped with a symmetric cross-section as
shown in Figure 10. On the roof of the building is a mechanical room. The building
height is about 104 m and the cross-section is roughly 38.4 m by 28.4 m in its longest
dimension. Four bi-axial ultrasonic anemometers were installed at the corners of the
building roof and the roof of the mechanical room, at least one of which represents the more
precise wind speed coming from a direction than those from the other three that might be

® 2D anemometer
L sAccelerometer

CiVelocity sensor

Té?.lpel City Rooter

Bai-Shi Building
- . 5L | wr

Mountain
Sites

Bullding roof

Figure 9: Terrain Condition surrounding the Figure 10: Configuration of Bai-Shi

Bai-Shi Building in Taipei City Building and Measuring

Instrumentation
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contaminated by the separation turbulence due to blocking effect. Four uni-axial
accelerometers were installed at the geometric center and the corner of the building roof in
both X and y direction to measure the accelerations in both lateral and torsional directions as
well. Additionally, one bi-axial velocity sensor was installed at the geometric center of the
building roof to measure the building velocity. It can be used for obtaining the displacement
by performing integration, or just for verification with the results from the accelerometers.
The detail configuration of instrumentation arrangement is also illustrated in Figure 10.

Preliminary Results

The field measurements of this building during recent Typhoon Haitang and Typhoon Matsa
were successfully conducted. The measured data includes the instantaneous wind speed and
the instantaneous structural responses. In this section, the preliminary analyses of measured
data have been conducted and the results were presented. As shown in Figure 11(A) is a 200
second wind speed record during which building exhibited relatively large motion. Figure
11(B) and 11(C) are the corresponding displacement time histories of buildings’ motion in
x-axis and y-axis. The building displacements shown in Figure 11 were obtained by
performing integration of the measured velocity, and the values are relative to the
displacements at the initial point considered.
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Figure 11: (A)Time history of the instantaneous wind speed, (B)Time history of X-axis
displacement at building roof, (C) Time history of Y-axis displacement at building roof.
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Figure 12: Power Spectral Densities of Acceleration Responses: (A) Geometric Center
of the Building Roof; (B) Corner of the Building Roof.
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Figure 13: (A)A typical random decrement signiture, (B)Relation of damping ratio
versus intial displacement threshold

The power spectral analyses were performed on the acceleration responses for those
episodes that the mean wind speed varies roughly within a reasonable range. The duration
for data-processing is 320x8 seconds = 42.7 minutes. Shown in Figure 12 are the power
spectral densities of the accelerations at the center and corner of the building roof during
3:00~4:00, July 18, 2005. As observed from Figure 12(A), the 1* mode natural frequencies
in the x (strong axis) and y (weak axis) directions are 0.441 and 0.416 Hz, respectively, while
the 1* mode natural frequencies in the torsional direction is 0.623 Hz, as can be seen from the
spectrum of the acceleration at the corner shown in Figure 12(B). By comparison with the
analyses for other episodes, it has been found that the natural frequencies obtained are very
consistent.

The Random Decrement technique was used to identify the damping of the building.
Shown in Figure 13(A) is a typical random decrement signature of building oscillation. It was
found that when X, =0.80, ~1.50, was used as the initial displacement threshold, which

corresponds to 500~1000 segments of truncated oscillation time history, the damping ratio of
both lateral modes have stable values at &, =0.0102 in the x direction, and &, =0.0091 in
the y direction.
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DATAPLATFORM AND INFORMATION PORTAL

An Internet-based data portal is being developed to support the field measurement program.
The goal is to utilize current information and web technologies to improve the accessibility,
interpretation, sharing and application of the measured data, as well as, promote international
research collaborations. This section presents the data collection schema, system architecture
and functionality of the data portal.

IT Infrastructure

In addition to the instruments, various IT equipments have been acquired and installed to
facilitate the remote sensing, downloading, recording, processing and dissemination of data.
The layout of the overall IT infrastructure is shown in Figure 14. Currently, we have two
monitoring sites. Each equipped with an industrial-grade computer with Fixed ADSL Internet
connection. The on-site computers run MS Windows XP and are linked with data loggers
with custom written data collection programs. The data portal, which consists of a web server
and network attached storage (NAS), is physically located at Wind Engineering Research
Center on Tamkang campus.
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Figure 14: IT Infrastructure for the Data Portal

Data Transmission

Despite the instruments installed at the two monitored structures are a little different, the data
transmission strategies are the same. Although fixed Internet connections have been
established at the sites, real-time monitoring is not the aim of the project. Similar to Chicago
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full-scale monitoring project (Kijewski et al. 2003), a periodic data transmission strategy is
adopted. Anemometers, velocity meters and accelerometers are interrogated by data loggers
on-site. Under normal condition, the on-site computer automatically receives and saves data
from the data loggers using the custom communication program. Triggering values can also
be set to initiate data saving at particular sampling rates.

Data upload from the two monitoring sites to the data portal is appointed as periodic
events. Because large volumes of data can be generated at each site, data compression is first
performed on the on-site computers to shorten the transmission time. Currently, data
transmission is scheduled at midnight everyday, so the participants of the project can examine
the measured data first thing in the morning. For urgent situation, the on-site computers can
be remotely controlled using pcAnywhere via Internet. Therefore, data can be retrieved right
away and local programs and storage can be managed.

Severe weather conditions (e.g., typhoons) may cause abnormal problems (such as
power blackout, network interruption, etc.). This is particularly of concern since the most
interesting data are projected to be collected during these times. UPSs were installed to
prolong the operation of the equipments on-site. Although fixed Internet connections are
available at the two sites, they may not be fully reliable all the time. The use of an on-site
computer ensures uninterrupted data recording.
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Figure 15: Web Interface of the Data Portal

Portal Functionality and Implementation

The field measurement data portal is designed to fulfill the data manipulation needs of our
three-year field measurement program. It is the single entrance to data recording, editing,
converting, calculation, analysis, display and dissemination. It is actually part of the WERC
knowledge portal (Wang and Cheng 2003). Two monitoring sites, Bai-Shi Building and Radio
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Taiwan International, are now on line, and the third bridge site will be included once its
instruments are installed at the next phase of the program.

The data portal was implemented with Zope plus Plone and Zope’s build-in security
model. For better data manipulation ability, instead of ZODB (Zope Object Database), a
MySQL database schema with four modules, structure information, instrument information,
user information and file storage, was designed and implemented to store the relevant data.
MySQLDA was used as a database adapter to link the database with Zope. Figure 15 shows the
web interface of the data portal.

On-line data processing is limited to mean and RMS calculations for wind speed and
direction at the moment. The system handles data processing with Python, which is an
interpreted, interactive and object-oriented programming language that Zope was developed
with. Web charting of the data is performed with PHP drawing library. An example of a
typical data charting operation on the portal is shown in Figure 16. The data processing
ability of the system is very limited now. It will be the first on the list to be further developed.

At the final stage of the project, it has been proposed to investigate XML-based data
process backbone architecture to provide a high-efficient environment for measured data
exchange and integration and for convenient development and association of graphing,
interpretation, analysis and evaluation programs.
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Figure 16: Data Plotting on the Web Data Portal

SUMMARIES

The Wind Engineering Research Center at Tamkang University has launched a field
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measurement program which includes three parts: the characteristics of atmospheric
boundary layer, wind effects on a tall building and a pedestrian cable stayed bridge. Currently
the atmospheric boundary layer project and the tall building project are undergoing. A 100m
mast structure located at an open country type terrain is instrumented with ultrasonic
anemometers to study the characteristics of turbulent boundary layer. A 30-story building
located at the southeast region of Taipei is selected for the tall building project. An
Internet-based data portal is developed to support the process, dispatch and management of
the collected data. The preliminary study of the field measurements indicates that wind speed
time history of a typhoon exhibits stationary characteristics. The mean wind speed profiles
show a higher value of power law exponential coefficient than expectation. The wind speed
spectral estimates agree well with the von Karman spectral expression. Based on field data
from the building project, the natural frequencies in the x, y and torsional direction obtained
are identified to be 0.441 and 0.416 and 0.623 Hz, respectively. The damping ratios are
1.02% for the x direction and 0.91% for the y direction.
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Abstract

The Chi-Chi earthquake that struck Taiwan in 1999 damaged Unit #5-6 chimney of
Taichung Thermal Power Plant. The major damage of the chimney during the earthquake was
local all of the steel made lateral restrained rods, but the flues and the reinforced concrete
windshield were not seriously damaged. To assess seismic performance and wind resistant of
the rehabilitated chimney, the dynamic behavior of the chimney was investigated using the
numerical results of 3-D finite element analysis. Finally, one suggestion is adapted to
improve the seismic and wind resistant capability of chimney.
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2005/10/21
The 1% National Conference on Wind Engineering NTOU Keelung Taiwan

Study of Aerodynamic Behaviors of Blunt Sections Using Direct Numerical Simulations

(aspectratio) 8 10
Navier-Stokes

(vortex) (reattachment)

Abstract

Direct numerical simulations become more feasible due to the advance of modern computers.
Flow around sguare and rectangular sections with aspect ratios of 8 and 10 are simulated by
direct numerical ssimulations, and the associated aerodynamic parameters are evaluated. The
numerical solutions of the incompressible Navier— Stokes equations are obtained by a finite
element formulation. Vortex shedding and reattachment phenomenon are observed in the
simulated results. The obtained aerodynamic parameters are compared with those of the
experimental data and numerical simulation results in the literature. Finally, numerical
simulation is conducted for a bridge section. Direct numerical simulation results in this study
are generally in good agreement with other findings.

Keyword Direct numerical simulation; Aerodynamic parameters, Reattachment phenomenon
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(Computational Fluid
Dynamics CFD)

(Direct Numerical Simulation; DNS) (Large Eddy
Simulation; LES) (Turbulent Model Simulation)[1]
Navier-Stokes
( )

Navier-Stokes

Smagorinsky

(effective viscosity coefficient)

Benodekar[2]
k-—¢ Murakami[3]
k-—¢ ARSM(Algebraic Reynolds StressModel) LES
LES Rodi[4] k—¢
(near-wall treatment) RSM(Reynolds Stress Model) LES
LES
CFD (Computational Wind
Engineering; CWE) CWE
Okushima[5] Ayad[6] k-—¢
Huang[7] k—¢
Fujiwarg 8] (finite-difference method)
Larsen[9]
(discrete vortex method)
FLOTRAN[10]
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(governing equation) (Newtonian fluid)

(incompressible) (continuity equation) Navier-Stokes
V(pV)=0 (2.1)
ﬂwvvz—ivmngzv (2.2)
ot p
p \% P g
. o . 0. 0. 0
(kinematics viscosity coefficient) V=—i+—j+—Kk
ox oy oz
21) (22
3.1 @ (b)
B D
B/D
X Vo
oV
y V= y V, =0, %y =0

X GV%X =0
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(a (b)
3.1 (@ (b)

(smooth flow)

N
(two-dimension) 7
x vy z ) (turbulent kinetic energy)
(turbulence dissipation rate) Vo
[17] [20]
Pentium 4 CPU 2.4GHz
(mean pressure
coefficients) C, Co
D
Cp = 1 P (3.1
~pu? B
2,0
P U V,
y
(drag)  Cp(t) (lif)  C () Cp(t) CL(t)
ot
Coty= 7 2 (32)
EpUZD
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Co (1)
mean sguare)

number, S, )

separated)

4.1

Ay/B~3.0x107

(=tU / B) =250
4.1

F (0

CL (t)= 1 )
—pU“B
2,0
D Fo(t) FL(t)
CL(t) (mean) Comean  CLmean
C:D,rms C:L,rms

(separation point)
(shedding frequency) C. (1)

3.1(a) (B/D)

(3.3)

(root

(Strouhal

(3.4)

(full

AX/B ~3.0x107

AX Ay

At" (= AtU / B)=0.5
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Kareem[14] Shimada[l7] Li and Wang [20]
4.2 0-1
1-2 34 2-3 Bearman[1l] Lee
[12] Ohtsuki[13] Kareem[14] Sakamoto [15]
Ohtsuki Kareem Bearman
Sakamoto
Sakamoto -2.1
-1.0 32 (3.3 43 44
Comem=217 C, =013
C_ mean =-0.00150
CL ms=1.43 L men CL men
4.1
Co memn 2.04~2.22 Co.ms 0.13~0.23 Clims
1.23~1.45
Co men 2.05~2.32 Co.ms 0.093~0.25 Clims 1.20~1.43
(3.4) 0.120
0.118~0.134 1.34~1.41
4.1
CD,mean CD,rms CL,mean CL,rms S(

DNS 2.17 0.13 -0.0015 |1.43 0.120
Yu and Kareem |LES 214 0.25 1.18 0.135
[14]
LiandWang |[LES+IMB* |2.32 0.18 1.20 0.135
[20]
Le[12] k—¢ 2.14 0.134
Shimada[17] 2.05 0.093 143 0.141

k—¢
Lee[21] 2.04 0.23 1.23 0.122
Vickery [22] 2.05 0.17 1.32 0.118
Sakamoto [23] 2.22 0.13 1.45 0.134

* IMB : Immersed Boundary
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(SRS Mean pressure coefficient

O Curent smulaion
O Simulation by Bearman [11]
< Simulation by Ohtsuki [13]
+ Simulaion by Kareem[14]
&= = Simulationby Sakamoto et d [15]
A Experiment by Lee[12]

+ o000
+ o000

2 : = \ \ \ \
4.1 (tU/B=600) 4.2
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2] » Mwwwwwwwwwwwwwv
CL 0 — cD 0 —
2 2
4 I I I I \ 4 I I I I \
0 50 100 150 200 250 0 50 100 150 200 250
tu/B tu/B
4.3 4.4
4.2
421 8
3.1(a) (B/ID) 8
X 'y
Ax/B~50x10"° Ay/B=~5.0x107
At =0.0125 T =50
25
4.5 8
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Shimada[17]

Okajima[18]
Co(t) CL(t)
Comen=129 C, .=0.07 Tamurg[16] Shimada  Okajima
Tamura Co meen Tamura
1.05 Shimada 110 Okagima 1.26 Okajima
C\ men =0.0019 C_ ms=0.18 CLms
Tamura Shimada 0.06 0.02 0.137 Tamura Shimada Okajima
0.149 0.140 0.147
422 10
3.1(a) (B/D) 10
Ax/B=~3.0x10"° Ay/B=~3.0x107 At =0.01 T'=70
50
4.6 10
Tan [19] Nakamura] 24]
Comen=1.19 C, ,,=0.06
CLen=385¢4 C_, =011
0.164 Tan  Nakamura 0.165 0.190
Tan Nakamura
DNS

DNS
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4.5 46
( =8 tU/B=50) ( =10 tU/B=70)
4.3
3.1(b)
Ay/B~20x107® At”=0.005 T =12
400
4.7 tu/B=12
Larsen[9]
CD,mean :0'10 CD,rms
CLmen=0.04 C_ .=0.06 0.16 Larsen Co mem
CL,rms :008 CD,mean CL,rms
(
Larsen (discrete vortex) )
-

4.7

AX/ B~ 25x107°

(tU/B=12)
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