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ABSTRACT

Keywords: Static analysis, Designing wind force, Load combination, Wind

tunnel test
Background

Wind loads on buildings significantly depend on the building's appearance
and its dynamic characteristics. Regulation or standard cannot cover the
suggestive values for all kinds of structures. In Taiwan's code, it is clearly
defined that the regulation content regarding the design wind load on the
mainframe system and local component claddings is only applicable to those
buildings with regular rectangular shapes. In design loads of the mainframe
system, the along-wind load is estimated based on the gust response factor, the
across-wind load and the torsional wind load are based on empirical models
approximated from wind tunnel test data. Compared with the design earthquake
loading, the design wind load is sensitive to the building appearance, and
therefore inevitably, a more complicated loading estimation procedure is
expected. The current Taiwan code for designing wind loads still requires effort
to revise to a more sound status. Among those revision issues, reasonably
combining along-wind, across-wind, and torsional wind loads is one of the
essential issues to define. According to the current regulation, the along-wind,
across-wind, and torsional wind loads are individually applied to the structural
model to obtain the corresponding individual structural responses. By selecting

the target structural response quantity, individual along-wind responses,
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across-wind response, and torsional response are combined based on the SRSS
concept as a resultant response. Different wind attack angles may result in
different resulting responses. The dominant one is the set of along-wind,
across-wind, and torsional wind loads that produce the maximum resultant
response. The designer can choose a different target structural response quantity

so that the dominant set may be different.

Moreover, the maximum wind loads in the along-wind, across-wind, and
torsional directions are not necessarily happening simultaneously. It would be
reasonable to involve a joint probability relationship when combining them.
The designers would benefit the designers if the combination rule were revised
to solve the concerns mentioned above. Another issue would be the simplified
estimation procedure of wind loads. It is found that the simplified estimation
procedure. However, it provides a speedy way to give the initial design wind
load; it is still confusing when the designer compares the common estimation
procedure and the simplified estimation procedure in the case of critical
buildings.

Research Methodology

This research adopts two approaches: (1) to obtain necessary wind force
data of buildings based on conventional wind tunnel testing; and (2) to proceed
with static analysis and dynamic analysis based on MATLAB-language

programs for structural response estimation. Particularly in the second approach,

probability-related parameters are to be studied through MATLAB-language

XXVII



e

programs too. Combining results from two approaches and the discussion from
literature reviews, the expected achievements in this project are to be fulfilled.
The following two paragraphs describe the details of the two approaches. In the
conventional wind tunnel testing, at least two building models with different
buildings shapes (depth/breadth ratio = 1.0 and 2.0) are to be made for surface
pressure measurement. By integrating wind pressure with the representative
area, the dynamic-wind force for the mainframe is obtained for further analysis.
The two-building models are both made with an aspect ratio of 8 so that the
model can be elevated to different heights for different aspect ratios from 1.5 to
8.0. And since the turntable can rotate the D/B = 2.0 building model, the case of
the D/B = 0.5 model can be produced. This research will collect wind force data
for the following three variable ranges: (1) D/B = 0.5, 1.0, 2.0; (2) H/B = 1.5,
2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0, 8.0; and (3) wind attack angle 6 =0, 15, 30,
45, 60, 75, 90 degrees. However, it is still insufficient if compared to the code
range. The wind force data here is mainly for validating load combination
methodologies, not for the formulation of combination rules. Besides the above
model cases, this research also applies surface measurement to the CAARC
building model for a nearly true surrounding environment as a comparison set.
The aerodynamic forces of this wind tunnel test are compared with the ideal
cases. Details of conducting wind tunnel tests are presented in the chapter
content later. In the structural analysis, MATLAB-language programming is
adopted by the PI since it provides a powerful calculation in structural matrix

analysis for static and dynamic analysis, and it is freely downloaded in PI’s
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university. By using MATLAB, all the necessary analyses in this research can
be done. In comparing with international standards or regulations, this research
has collected all the latest versions of the globally known international codes,
such as ASCE, AlJ Recommendation, and ISO standards, and so on. At the end
of this research, the PI expects to propose revised content based on these

well-known codes for the next generation of Taiwan code.
Important findings

We can categorize all the latest versions of international codes into two
types. The classical one of the first types is the ASCE code. In ASCE 7-16 code,
there is no formulation for across-wind and torsional wind force estimations, so
that there are no clear combination rules to combine them. The ASCE 7-16
code regulates how wind pressures are distributed over the surface of the
buildings. The classical one of the second types is the AIJ Recommendations.
The AIJ 2015 Recommendation provides the estimation formulas for
across-wind and torsional wind loads. Further, the AIJ Recommendation offers
three different scenarios for load combinations. The ISO 4354-2009 adopts a
similar concept and includes simplified formulas for combination scenarios.
Taiwan Code does not belong to any of these two types. In Taiwan, the load
combination of three wind forces is carried out by the SRSS concept. When
comparing different codes, the research team also found inconsistent text
content in Chapter 2 — the simplified formulas are mentioned in Sections 10, 11,
and 13; however, the procedures are not consistent. This should be corrected as

soon as possible. Another worth noting point is, the simplified formulas in
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Taiwan Code are also for along-wind, across-wind, and torsional wind forces.
However, there is no explanation about how to combine them. In AIJ or ISO
codes, the simplified formulas are just based on the along-wind force estimation;
a multiplication factor is added to enlarge the along-wind response as the
overall response. This is truly a convenient method rather than the current one

in Taiwan Code.

The research team has proposed two revision suggestions. The first
suggestion 1s to suggest a new combination of rules for the along-wind,
across-wind, and torsional wind forces. There are three approaches tested with
the dynamic analysis results. Although the comparison results are more
conservative, they are genuinely faster than the original way in the current code.
The SRSS approach has also been verified to be precise enough and applicable.
Finally, the research team would like to propose a procedure to replace the
current one in Taiwan Code. The proposal is based on the same combination of
rules in AlJ and ISO codes. The second suggestion in this research is to replace
the current simplified procedure with the same one adopted in AlJ and ISO
codes. If the existing code has remained, we can propose a new simplified
formula for the torsional wind force to replace the current one. The new one
will provide a better convergent result with the general formula for the torsional
wind force. Besides the two suggestions from the research team, we also
propose to reexamine the whole structure of the Taiwan Code, which was based
on ASCE 7-88 and before versions. The ASCE codes have been revised quite

differently, and the wind force characteristics in Taiwan are more like the wind
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force characteristics in Japan. It is believed to be a more reliable code if we can

revise the code more broadly.

Regarding the authorized practical application of research results, the
research team has adopted two examples, the PSERCB, and the SERCB
systems, for discussion with experts from industrial fields. It is concluded that
to successfully promote an evaluation system of design wind loads for the
domestic engineers requires a bigger market in Taiwan. If the evaluation system
is developed to simplify the calculation procedure in the existing code, the
experts from the industry generally consider it does not meet the actual
demands. To understand whether the evaluation system should be based on
wind tunnel tests or not, the research team did a survey and found that the
number of wind tunnel tests is enormous. Moreover, the industry requires more
detailed information and higher quality insurance of wind tunnel tests than
expected. The research team concluded that it is crucial to increase the
efficiency to evaluate the design of wind loads of buildings. However,
developing an interface is not a critical approach to achieving this goal. It may
be more beneficial if we can establish a fair system to guarantee the quality of

the wind tunnel tests.
Suggestions
Suggestion 1
Examining the structure of Taiwan Code for design wind loads: Immediate

Organizer: Architecture and Building Research Institute, Ministry of

XXX
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Co-organizer: Taiwan Association for Wind Engineering

From the research results of recent projects made by the PI, it is concluded
that our first version of the Taiwan Code for designing wind loads was made
based on ASCE specifications. The main contribution of it is to offer the
evaluation methodology of the along-wind force. In the second version, the
evaluation methodologies of across-wind and torsional forces from AlJ
Recommendations were added to enrich its application range. However, the
latest ASCE specification has been revised to a pretty different frame from
before. More consistencies can be found between the Taiwan Code and the
Japan Code. The PI suggests that it is necessary to reshape the basic skeleton of
the Taiwan Code for the next version revision. After confirming the skeleton of
the code, details can be modified or added with the latest regulations from

overseas.
Suggestion 2

Moditying the content of Sections 12 and 13 of Chapter 2 in the current

Taiwan Code: Immediate

Organizer: Architecture and Building Research Institute, Ministry of

Interior
Co-organizer: Taiwan Association for Wind Engineering

According to the results of this project, the research team suggests

replacing the current combination rules for three wind forces concerning the
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AlJ or ISO Codes in Section 12 of Chapter 2. The research team also suggests
replacing the present formulas of three simplified wind forces concerning the

more convenient way adopted in the AIJ or ISO Codes.
Suggestion 3
Field monitoring project of a true high-rise building: Long-term

Organizer: Architecture and Building Research Institute, Ministry of

Interior
Co-organizer: Taiwan Association for Wind Engineering

Any proposed evaluation methodologies require the field data for
validation. Therefore, the PI strongly suggests that in the future a field
monitoring project of a high-rise building should be carried out to provide
various data for all kinds of validations. The monitoring work should at least
last for three to five years and it should cover high-rise buildings, low-rise
buildings, and large span roof structures. From the observation of true data,

more research topics may be found and new solutions may be derived.
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$=2F% A23VHFEEHT R

Fo8 AF I SRR RE
TEng %"fé%gifﬂmsi:is ﬂ‘v%"%%‘—%i ¥ 31 & ,u@fwz\m
JERLIE AR B A PR R

i @y

o st TR k)

x5y &R E - § B TRER2 b i i ¥ AL G & b i (Gradient wind) °
Sy lﬁ_i,ﬁ&? A &R 5{"“}5 FA ARk FUFRT o @ it &
Bep AR FRONFERAFFEPN o SBh DIIRT o A F TIRIEY BALER
PO TEH o d A H IR IR EARe A P R L o T AL F ,%ﬁw]
ZHHmAN Y PR L2 T T Ak o f FindE R A2 B RMRE 2

e~ A2 fe AR R R T R T W ¥ Al A T2 2T oo A3
SRR FARY 0 AT R -1 FTERFERER A B AR it
FELPF > B o455 Toh @2 Tl

/\N

!

T b iE 36

B F FAEAR Y RERFRRCYIR LG - R 2
i RERET oA AER SN R EA R R DTIHRLE LG jpikiE
(Power law) 2 #F#ici=(Logarithmic law) » 4 i 4o

(1) 48

Y (i)a (3-1)

BRGNP AU 5 F Rz #65AFHERABRE UGS~ 72
BB ARSNTIOR & aE P LR 2 X TR - FaEH Ao
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MERZE X FAETRZ B en B At o F a2 BY RE 2GR
*d 31 ERIE o BB R b ArEEr 5 0160 R K2 T30k @
Flo g * g o

% 3-1% oy m2 dpdk it Sk

o Davenport ANSI
AR
o d(m) o o(m)
ey - - 1/10 215
BRE % 0.16 275 1/7 275
FREE AR Fe 0.28 400 1/4.5 400
7‘5’5‘4 % 0.4 520 1/3 460

FR kR [ A Em]

@) #Hice

1 z -
U, = ku*ln(ZO) (3-2)

3$(3-2)® k% von Karman ¥ #ic> ¥ 5 04 u, 5 ¥ % B#:E & (Friction
velocity) 5 z & BEHE3 & 8 R 5 Zp » ¥ # f2k&k & © K (Roughness length) o z, %t
PRI ehb 37 So4 & 32 Fd Ao b B T @E 3G @
BeE G PGE RSB RKERFF I ORZBRE TER 4 90% ~95%
B EIURRE o i dpi Bl AR R EF ERIR
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2327 iRz A kER R R

Zo( 2> 4)
R 0.01 ~ 0.1
B 4 ~ 10
R R L 20 ~ 40
PR 80 ~ 120
?Kg T 200 ~ 300

RS ES=EE 2D

- BHERITE 4o
*H g R BV A
TR AL S TR ST Y RS 3 O W ECREL
Rt K5 st 2 R T AR R T ©

- \/(TW (3-3)

uz U,

@ Hd T3 @R @i
Ew oo ¢ MEw ?&%ﬁv*ﬁ‘*
B ¥

NGB L, s B RzAEESUSE R @;asawib&ﬁ;k%y

SRR E RS UE o F R R AARIRITE o P o B A AR PR E 3R
oAk % od P T Avh e gt b Lo kkAZ A 3 B (% Simiu (1978)% 12 T 5N IE R
- B

(up)? = B xuf (3-4)

NG GEP- R EEBRAMA B ek Mo H ¥
3:(':%\‘ 3-3-

=
el
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EAFERFAPLL L L2 HIR S BLAY

33K AL R ¢ AHBEZP
Zo(cm) | 0.005 0.07 0.3 1 2.5
B 6.5 6 5.25 4.85 4
TR kR [ A R

YARALER R

Lingd E- Bk EHEH m‘?u:; d Tyop i d ks AL A - R

(EddleS)%”c“m LRy § HE ‘ﬁﬂF'Fﬂ‘?&ﬁ“rﬁ FoLE R R A
#ﬂ RS N R A B S = B (- ‘m’% BIpE o £ /?'J"k VA FREEE SR
ek g o st ik % n - (Frozen field)gls - r - 48 3;-;;;&;‘;?—, H g
R RT3 F T R A TG AR RPN 2 R AR

BN L BEBRPF PR N AL o IH P RLE K- #E&?‘I@_ﬁ'ﬂtﬂfﬂ?ﬂ&%ﬁ/’} a
# PR © & (Time scale) » £ 3kt T35k i » 77 # X/ & & ¢ & (Integral length
scale) ©

F R A For n{»)i”‘)%fp’Ll@iév\ﬂév\“ﬂ%‘u\v\wf_rﬁ»&rﬁ»
EPY‘;WW\wﬁ v hF Y B us BN R > &S
Lﬁ—( )Zf R,(t)dr (3-5)

TR AT

Lu=U, T, (3-6)
© Ry (T) o U(t)U(t+T)
Te=ly wpdt=Jy —arr (3-7)

B ripFrRB(Time lag) o FinfiA £ R R € ek R+ @

20



"# M ehddic o Counihan (1975)2 3% % Rz = 10~240= % 2 fFF > xw 2. 5% F
it RLIE R RZM RSN L

I =C-z" (3-8)

Ho CgrEd 2AnpEi R % RzoHftem " Mehddic milF 2 o VP R#EcC
Bmv d B 3-1d REF o
e —— . . 10

100
C
10
1 ) L e . s nipR ) k-1 3¢ ) 2 1
0.001 0.01 0.1 1 10

z, (meters)

B3-1 Finfia &R <R S8C me 3 Rz GH
TR kR [ Ay EiE])

BARAZ b EF Fird o a PR AA Y EFAARIIFFS LA
¢ B2 i pE(Eddies) s 0 h LB BT RHAFH B AR A o BB T
P Eoa B R RAEF T B 2 4 FeiFA) 0 s i i (Power spectrum) % 4r 12
B o F o TRE A E RS AL S BMA (waﬁaxg Y
(Energy containing eddies) ; (2)® #7384 2 {f #4.=x F¢ % (Inertial subrange) ; (3) %

HE IR L 2k ) it ¥ (Viscous dissipation) o ¥ it 2. it & i %] A A E D HOER
S 2R R )}?;,I[g,ajdyﬁxl Yajmz_ e B g T‘F’ M=x PR B AR aleq\.\/ﬂ W R BvE
YL iR B AR BT BT R AR AL B B Y MEINA AN R R 2R
A RRE P AN T G R R M 2 AT R

S
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Py

EREARCRIEAT P AR KA T A T kit LA R
FT 2 G B AP e Fg&%“‘{,,, io 3% & > 295 Kolomogrove 33 &2 BK » 7
ELA S KPE B 2w B 5N

5

Sn)~exn s (3-9)

;9 ¢ % S(n)it # B & (Power spectrum density) ; € % ¥ it ic £ i 4% 5 (Energy

di551pat1on) sn e i AR 5 (Frequency) - 4p B F * 2 b 3 2 34 4 %] 5 34(3-10)
2B 3N(3-11) -

4fL
R . = — 3-10
N(Z Tl) (1+70-8fL2)5/6 ( )

6.8f1L
R : — 3-11
N(Z ”) = (1+10-2fL2)5/3 ( )

58P Ry(z,n) & & F1= v 5 # % A& S fic(Non-dimensional power spectral
density function) » f & & F]=#E & o
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Fo8 AAPME i £

R RIS A Dok s Finam Az S E)z B
g m%ﬂéﬁa ﬂ#m»@ﬁ@‘&m%,*gﬁéﬁ@%i%ﬁ%ﬁ
Rt LR B R o B BHRE S BP0 BT S 0 R
TR (T %""'-T]g»_ FeR4 s iEa @A %’;mﬂ,ﬁd’ﬁ}a AR RIS - Rk i 0] “"T]%J‘_%ZF?
AN, A FEA G o LR R LRPMER L O ER S R
I AL HRYRE DL AUTARLFEA DR S R R fof B

Bl o - BBHEE R (TF PF o § &4 LS iR R % G Rt
B R A Tk Sz F ARG o

/> 3t (Separation)

TR LA A P g A 4 — if B4 B (Adverse pressure gradient) s 2
TRk 0 BIFM A ARRITHH P o é.i EpiEn A tie A4 A g
e (Reverse flow)2. o o & ® X LG b F ~ ek R 2 § FHP L @&l
xi—,’f':%‘i?@%ﬁfﬁiﬂa%kf’%”’?- fmé‘i L2X i B IR SPAS ' AV SV AL
Gbgd o T Y A AP R ER e I E G Ay T2 H
AR {eT HlT Mo TR o RIS REL AR -

‘mL )‘3\ NA-
;_ ST

# # ¥ (Reattachment)

AHis 2§ 4 gnd 2t g d S 2 H3 (Roll-up) 2 # £ ﬁiaa] » (Entrainment)
% @ & & jn&(Separation line)w 3+ » Mm@ T4 FWE > § L2 FH
YRS R A REL BRI S Rle 0 A5 LEHRYE LR
@ﬂ%i%iﬁ@@w%w~ TR RS BB SRR B SR
MGARF B HF A > K AR R LB TsAET % o

E i (Wake)

/n ’Eg/n ‘__‘_%,E@’yé_i &\%ﬁ;f‘ ’ ’47\ »lwll[gl't'?'—r %—:5‘ /ﬁrlﬂ B( ’ T/:‘Lﬁ%ﬁﬁﬁ
AjF o kY R - LR 0 R E PR RN
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SR RFRPLPE L GIR A B DAY

FHEH AL o MBI A RIRE RN T I W32 LRF D
k&
] —— ) e
8.1 B TR D o R
N OFas
< >

—
(b) %E4x 428

B 3-2 440 A i 2 i L W
FHRkR [ A ER)

B AT T* (Vortex shedding)

FORIGAMPE > A QAL AT K BARE I NNER O H
z‘éfﬁ%ﬁfﬁ"m AZHPIER 4 o L IRACIEY @ BT 4 K SR B 4
B R R G 0 A2 EMREA SR Y 5 - RO
2. % FATME 5 (Shedding frequency) » H b v iF% 5 40§ ~ B 5 7 Lirhk
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% APEELHFPR

L R ke 1&#47,71/}:}; SRR ,44%%.«&/ i qj‘%fﬁi&gjljlfr}k ehke G M-
A F] 20§ :P‘r%ﬁgt(Strouhal number) % 7 # B %

s, =52 (3-12)

ﬁaﬁc:;[lgﬁg’(ﬁﬁgg:;l)-&*#%g{z o— AL —:‘;—,—51;17 Q,—}é’y%};—ﬁ'{]?()lg,
FIHLR G 502> B4 L & N & i ? B F 2+ ° RiFAEaE Fl= CHE S o

fe 4 ¢7 2 4 (Drag and Lift)

FEAREA LA iR iRA S N3 e baRE o FE RME w TS
Bk senifho PIT A R b w112 LB kb b 9 hd I dhT K S
ko7 fib(Wind axes) » #* & b & fh— SLAZER w B R v o 4oB] 3-3 ¢ HZ R
rn o AR B SRR e h 4 S a 4 e (Drag, D) KR e h 4 54
(Lift, L) %% Jg ™ 511 A& % (Body axes) T 5 i SLifh RIF &4 7 &~ 5 I %
dx fhd (Fx)& y gh (Fy)> 4o 3-3 ¢ L Bl9rm o Ak sLgdhehd & af|§E
= hITh o

##,L Fy

'\ A

#%A,D

ﬁ?f}/ " e -

B b AR bt
Bl 3-3 B & hhr ARk R 4 5
TR kR[4 K]
BOR G R 4 Gl
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M
=
A
o+

PR 2 RH R B IR F VAL S B RFA
A2 QT A A A B E— G Yl ER L

p+ %anZ = constant (3-13)

pﬂ,/,,’EQIEJ ’E"F}ifi Up/rl'gg/nL’E:’P)kji;paéiﬁ’gg%}i’%é
%Eoﬁﬁwkm&%’&%ﬁﬁﬁﬁlﬁwﬁﬁw~W?E&@%fﬁéﬁ
Uy » BT %5 (3-13)5c g % ¢

PRy

T
# %
P +2PalU? = po +75pals’ (3-14)
B ES LA BT L ER
p — 1o =5pa(U* - U?) (3-15)

ErING5)E T AR b RA G R F R R Gk 2

gzﬁ%? (3-16)
Za
1 2_y2 2
_gpalUo®-U%) (U ]
=1 e 1 (%) (3-17)

1 2 n - b B A2 [P N
HoopoUp™ s = 53 b E R o F 3 Jg BIiF BT a= B o d 3R F BRI



Yo F APERHTR
FUS 00 B35 R G-12)91 8 b B hlics 1.0 F % fi— i A S0k 5 &
SRR Gl RIS MO - TBHE o e Enad < Uy 0 o (3-12)”'*“
ﬁﬁﬂk@é\&ﬂ E,EOE&’%’;\?"‘ yﬂ’flj'% 758 T 7 i’i’r—s ww‘]‘égﬁ—/ﬂ‘
Frow s o ariag B4 R f o AR VLSRR EEET A R E kP pla

m
W SHEHA G R R GER T EENG12)E R RE o

Y

Bo# B & S VAo b R

F
T
EPaUOZA

Cr = (3-18)

HAFL Mg 64 o AZeh B cndi o 4 o 25 B g & -
BERTRTT o PINGI8)E 2 H ik Aok 4 (Rl

__f ]
Cr = e (3-19)

He fRHEPERMF B4 DisMans T LR - BhE 2T LR
P B HHMELI N AR b R

BB G B 4 G KI5 LTI 5 RIA B Pt B g b
ﬁ%ﬁ“@ﬂmﬁﬁﬁﬁﬁﬁiﬁ#ﬁiioﬁﬁﬁ%@%ﬁ%% G bR
Rb 4 GECNTIA o T TR chd B LA K F e PR Bp R
BEF)F L85 & Fl=x it g #ick & (Non-dimensional groups) o 3k 2% i {7
L IR f»ﬁ ireng e b A48 M Sl o 4 TR RO E T AP
foehdrfich R > GlAcE B FARR SRR B 3B L SWITERITI DA G
b B A L—*BH—”""_&'_ ARG - X PR FT R~ xp cxg F Sl B A

; lwb “;ﬁr ‘

C, = f(xy,x3, %3, ..., etc) (3-20)

W
E
T
E-D

T BT A dod 34 s S ER G ¥ R ohgdk
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s

ARER A By

Z3-4 FAPERRGES R 4 GEichg T Sk
418 R R (d)E & o e kg R vt 2 (Jensen number) o H ¢
A/ 205 A AR R -
I, L, I, BT BUNV I WE B e EIRER o

Lu/d: Lv/d: Lw/d

UV - WEZB I eh i RE RO S RE R E -

ud/v

R A B3R 4 vt B (Reynolds number 7 3#ic) o H ¢

b4 o L 2 B - 22
B FF Rk Tl o

— AR BN (3-20)¢ 0 * AT R Ok RS EE BE R

FApE o ST E P2

A bh kR A
E L% N
G i o fH b

FAL kR [ A ]

3
P g o TR F RS 0 Y %)i,;ur e
BiTEAe hRAF E R o /H?“"a.‘%éf’ e
JpApmE S B R FS L hE ERERITR S
TR TR E LA Fd g R

% % #(Reynolds number)

LR e
7

]
P ERER PP R - o FHEOTR L INRT ¢

ﬁliimi—r‘ EERRNERE

e R G X
oo HRFI AR
A g ko bl Rl
T LRI ST TR R e
Ejs AR KR kA

4w

25 b RA T GE TS R > THRETARL AW E
PREF A L E o 4
TR EG AN ER R 0 0 E pd TS AR
i eni e 5 o F RS )ifi/»\#sm S A L
BB A SRR DRI G R F B b A A o st
BETR SR T RS ARR G L TR
R 0EE S AR E R C“?é%‘@oﬂag
m*ﬁW’M%WﬁW‘#%;@i’w%+ R

\‘:V w

LS S SSE S N f’@ﬁmm?m%w%ﬁ 7

%ﬁ*@m%@%i

S M PR EYET

NN

'%%W%Qﬁﬁwauny?%ﬁﬁﬁﬁgﬂﬁﬁa )
B R o S o T JE

2 ##(Jenson number)
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rERAHFF

B
Wi r F Fond R a2 @b a3 > AP e s &%= S

Forra R R Kok R 4 Bl SR E o & Fr#ic(Jensen number)’v“ EE
E ﬁﬁ%}é"f#ﬁ‘@f»{' ¥ AZRY OB R AAEHI PR F IR E Y ek
£ B (zp)evt B oo d A H(1958)i8 T en— @ B K AL R RS T 0 Tt SdidE
FEE A G b R A YRR R OB it e e L ’}ﬁi‘:
BOR% ok Pl AR Y g s hig i F U ﬁ)i%':'%%"fi TRk e kER R G
e S A BRI R SRR E R £ E R A K2 AT A S
BE -0 b - AL )iimﬁ‘%«fwm%ﬁ’ﬂt FOhEOR o ke Gl £
FRA DTG LA &’ﬂ%m«m@ﬁmﬂxﬁaoqb,ww
2 GBcE R B HBEREE o - BRI FMASETELFR AR R G

PRl SN

1
el

9 b 4 22 b R (Fluctuating force and pressure)

o f”éﬁ% PR H e G hF e AR R F \%j‘l%
P REPE AT E AR FEASEe Y R D ETAREEE oA
gt 2~ LIRS ’iaﬁfé;ﬂ%mi FTEFRPFHFE DR BAR 4 o 4
APz #%ﬁv&@&&;mlgj\,& S A p R E e ﬂﬁd
et oo 2 F AL R (Buffeting) o F ﬁ*—’}]&_%ﬁma BARE S X F i &
FoloRIE BB 4 R FALS x?‘.“-‘?ﬁ # % @ 22 % (Quasi-static assumption -
B TERX)2Q)d 41 AL FAE % FlIAH RN 0 ok JIR G &
LR A0 w%*mﬁwkwo@éﬁ%ﬁﬁﬁbmﬁﬁaéiﬁ%@
b4 s dog B 4 fE L (Aerodynamic damping)Ih % % o pLEFendEde 4 KR ¥
AR RBEMFROL > VARG ABEAY O S

& & 7 B3k (Quasi-static assumption)

B LER A SRS AR KPR PR AR > T B RS R D
b b BREF BTN R b A Lo FP T LER G2 2 .

p(t) = Cpos palU®)]? (3-21)
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ERMERFAPLPELLE IR B

HPCpo b TR R Gl U™ - A 5 TI39800 JUEH A &5
(3-21)7 s B 5 T 5N

P(6) = Cpo; pall + ' (OF = Cpo3palU? + 20u' (D + /(D] (3-22)
B30 (3-22) 0T a1
P = Cpo3palU? + 0,7 (3-23)

Fib T AF G ARl o Rlo 2 EAR U IGR A ) T AR v o P
BT p R GRCyF Hg 0T Hh RGEC, » 8(G23)7 - HF 5 ¢

_ 1 = ——1 =
p = Cyo EanZ =0Cy Eanz (3-24)

F R (324)0 R (3224 0 WA FH LTI BIEE R B (DT B

‘ﬁ, .

P'(t) = Cyoy pal20'(8) +u/(8)?] (3-25)
£k JEELY ch ¥ (R M E R BT T S BT » Pl & (3-25)
B
2 _ 72l 2 2,02 _ 277212
P7 =0, 2 po? [40%u?| = G, pa*T%u (3-26)



PHEE R & > PIT @ 5] (3-27)ke o
A 1 = —1 —~
D = Cpo Epa[UZ] = () EanZ (3-27)

Flpt e o AR R BREENG27)ERRE R R L TR R Gl
SHRELR b ERApR A - RE o pr A3 %#”&Béiﬁﬁkim@
mﬂ+aap PR IR A o A S N R R E R R 4 &

TEAL ARG R 0 R P E L G R R B ot
&%4‘“ Fho o BRUEXHE D 202 DM ILOER S ERFT o ik h
SRR/ IR R EUR EE ik Pt g e T S

A A T 4 2 Har s A ailin o AR e & g4
Wt o Rl PEeh@ i L TR TR AR EF 2 [ A
WG hh BT RF d @ inendFd 20 FHER - 30— BEHA T 0 3
Plens dpd 4 i bR n L Y AL R A2 REDRI - BEIRITE
FoTHEABA BBRER ) SRESRPAPHEZ Z TEF P E S (von

Karman vortex street) jo % 2 Kk p } PFenip 1770 R § S e i dF o R R 53
%miﬁmmﬁ%Mﬁ’@{ﬁmﬁgvuﬁﬁﬁﬁﬂiﬁ@an WUE-E
B A iR T G g e £ 0 A A ERFAFIREF (AF

ﬁﬁ&)ﬁ%@%ﬁﬁ%ﬁkﬁéiﬁrﬁi@thJﬁ?°

B F A FOTERY PR AR L AR E TR ENA L& NER
: FoEk o P ¥

p

T Haro

8]
Prafh KRR B BLE- H gl f B4 By
% ¢oihy
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ERE KR P EREE IR BTG

F2E AP L M4

RE B BRI S RRATEY B0 SR
FER AR IO SRl E Tt -2 £ SR TR IPE N L

R e 7}15‘7\ ;#}; H A A T]%J‘-«f?' kil ¥ - s]:'li%i ~ g
- R E AR AP RAE R T Y B AP R kel R
P BERBEE 0 A3V (3-28) ~ (3-28)¥7 & F R enhE A FEAEL LT R AR o

nﬁ-

me 0 0 0 0 0]
0O my, 0 0 0 0
0o 0 m, 0 0 0
m=10 0 0 my O O (3-28)
0 0 0 0 my O
[0 0 0 0 0 my
= 0 0 0 o0 0]
0 12E312 0 0 0 6EZIZ
L L
0o o = o -Zx o
k= PR (3-29)
o 0o o Z o o0
0 0 - o o
L L
0o ¥ o o o &
L L L

flr EAchffReELZ BREL, PRLpd RNTREEDREF L
+ R ‘féf]{é%@"ﬁ'li-éfv“io EB R IR 0 B4 -éf]arﬂf’uw Bk 5 1% 2% >
FTE- B RE AREAEL AN LB R EALR F BT S L EXS
FTAMyE > FVUREE )] RESBI O > B EERDSRTE
BORELLE-HETIFI KT apd R UZ —#&ﬁ%r& ERpdR
BRI F Rt d 247 o ¥ - BERG BXB KSR AYPHRE o FE -
WEEFRIOpd RN RHEE 22 AFREY FL c BHEATRE
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3F s e TR AR S gt T E A AP E R
i fE 4 A 4T 5N

R T Rl i

AR G ek RGP R NS R L 0 TR E R S qr 5t
5 i > *E*ﬂtk A F Ao PR EY N EEFERF AL FERD
e tﬁqw ¥R ESHF A E L 1959 # N. M. Newmark 3¢ &

Uiy = U+ [(1—y) Atliie + (v A Dilyyq (3-30)

Uipr = U + (A O + [(0.5 = BI(A )?]il; + [B(A t)?]ili4q (3-31)
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@tﬂ EE LR E Uy SUNE SRS Ly T
Sri 2 R s pruxgj:)i.ﬂ?-"f_( BAiER T - BB GETE) Y
(3 30) ~ (3317 efry 3 e it - HRFRA LR B IRALEREL R
ﬁimﬂ R o RBRT LT Jlg@%é{@_ﬁ'\ﬁ*%&—ﬁaﬁﬁ'—f e R RS R
SR AAERIHRE S BRSPS E A RR AR S A RfRE p A
BARBEHSBN2E PP HEAFTEL Y RF A AE o ¥ -
BOREOLE RN R TR KR B LIRS B S IR
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DS E s BRSSP A S HE p
B RYEEHEE AR B BRI ER
ER T RL Akt N LI g R R S VI
T EEE AR ARk o Ak B -
%%%wwﬁkjé’%ﬁi%?A@+ pd REFA 2G]SR
4R B AASTE R T R R FReARE 6o e 0 4% BEH 3 BB AR AR Se
%%@E%ﬁﬁﬁﬁﬁﬂ“%é DREIGBRS ZERAIR L
SRy T o SR B F B et B 2 U2 E 4 e i 7 P (configuration space) B 4 it
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M i (t) + Coxs(t) + Kox, (t) = esw(t) (3-32)
Xs(t) = _Ms_lexs(t) - Ms_lcsxs(t) + Ms_lesw(t) (3'33)
Br#E 52 RERZFEEIFEZFL > doT a0 0

[28]:[—1\4;11(5 —Ms‘lcs] [ﬁjﬁg +[Ms—les]w(t) (3-34)

Fr ST L EFDR R T AN 2(0) = Az(0) + Ew(t) #

2(t) = [2 Eg (3-35)
A= [—Mgle —Mglcs] (3-36)

#Hez(t) s K e ?é_(States vector) » A% M » E5 b4 b B o gl
Fehpd R L ez e o el AlvFcesrire 1 E D4

I

paciesr =) y*] CRRABREY =a+jB ¥ =a— B Pl RIS

wy=JaT TR =yl =yl R g = o = = Rl A
59 3 -

A R
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% APEELHFPR
Fhw s A A 4TS 3 RE SRS ASLE TE 4 AT o - AT R
bk RS BEEHFHA DR P TR A RERHEGER &R
(Generalize force)fFFFF(t) » ¥ H &7 & = ;t-ﬁ P18 4 5 % R (Power
spectrum density)Sg(f) o #-pt #b 4 47 FJHT\ +E H p e R 2 FS Bie(Mechanical
admittance function)=% = [H(f)|? » # 3R & B HF BAFHS(f) » 1o
AR & ”LT]%"_F RAFFHF LT F RS R 7 P A DS R &P ¥ 12 SRSS & ;¢
BEm FRF B %aﬂlﬁi‘:lﬁ o gl b s TR Y E'abi-a‘vk'** WA EEATE A
BEMCQC™ N EEE G & »e it F 2 R R BB (3-38) A 7 Zxy
0= = b i & @fﬂ HiE > N33 A Lx Y 02 bt BE R
TRECNGAOR FZEAFBRIEAS B RRFREDT » KRGS PpH RS
WA foR FLR 1 -

\/f(folH(W)IZSFx(w)dw

Ox = X (3-38a)
sy (aw
Oy = X (3-38b)
\/fo |[HW)|2Spmz(w)aw
O = (3-38¢)
K
\/ff|H(w)|2w4st(W)dW
Ox = (3-39a)
K
\/fooo|H(W)|ZW4SFy(W)dW
9y = X (3-39b)
\/fo |[HW)|12w4Spyz(w)dw
0% = p (3-39¢)
HOP = ———— (3-40)
(1‘(5) ) +(2t5)
i

A’\ﬁja‘}q%ﬁ@]%? ET?%J}E%P" ﬂ#&ﬁv%tﬁfi,;ﬂdfiﬁgli;@:?ﬁ&J
AATT IR B BR R EPE S i R TIOEAAEE N Rl 0
bFREFF 2 AP E R RPlRE > TR B R R EY AR F TS

PERR
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FRAERFRPLPLEEEE PR S BDEF

ERCECN Jr‘“L ;£ E PR o i3 TR A DT A& s
T BE U FE L L I LA TR G AFF I ER B EEES A0
%?%Aﬁ%@ﬁ%%&ﬁek LR B > RS RS

DI B AT R B FEE e A AT P T SR Y 1A
PRS2 - BRSO AT FERRE AT R ik 0 & 355 %%43%‘1?‘5 B
BRITE O RTERACER AT ZDES c FRBLOITH P E ) R

ERUESRNEESTE I S gl SLALIERE J ek 1 R R - B N U
1TREFAFFLIBER BEOEEY P R EFRBA RS HRE B
LR iprg * > BEFZFES 2R XD FRBEL T 7 B2 F)
ﬁoic@ e SuRF T A FBEREE - BAEF AT LA
A E % > 235 AEVHEF AV SRITEORTEE S ER AT

ACC X degree 0 ACC_Y degree 0 ACC_ Mz  degree 0

State space | 0.0000 State space | 0.0000 State space | 0.0000

mean Newrr?ark 00000 " Newmark | 00000 " Newmark | 0.0000
State space | 0.8679 State space | 3.2917 State space | 0.0358

rms Newmark | 0.8798 rms Newmark | 3.3186 rms Newmark | 0.0354
Frequency | 1.0415 Frequency | 4.0530 Frequency | 0.0435

State space | 4.4492 State space | 15.5358 State space | 0.2246

max Newmark | 4.8151 max Newmark | 14.5557 max Newmark | 0.1914
Frequency | 4.0400 Frequency | 15.7031 Frequency | 0.1725

%36é&%i*ﬁ%&»ﬁ&O&@@%uﬁ@@fvwzw@
Bkim [ 2y FE]
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Frd FEp Py

SO T TER AT A o - k> B R R T E2
RAREY RN PEER PE AN REFT TR P REAS AR RFRE
gk i‘ T Pl EA2R>Y A.G. Davenport % 1967 & #13 d el j i‘ Z ]+ (Gust
loading factor » #* {4 f§ #it GLF ;2 )i > &5 L h & B %]+ % o 1945 GLF ;2 >
3R 4 £ (Equivalent static wind load - ¢* & f§§ - ESWL) % >t T35k 4 L
&F@ﬂ+@ﬂ§(ﬂFWmﬁgﬁ,ghm%%U1dAﬁ%4ﬁﬂﬂmﬁ
1??@‘%{« ey e pAedi k> GLF 2 eha 8 e SifF S fﬂ?imuﬁ ix o Hod
efm & ¥ 02 & Simiu and Scanlan(1996)2 ¢ 35 3] o d 3t H @ H 4 > GLF ;2 &2
BT R AR P BT AT AR FRIET TR LR R
%4 EUROCODE ~ AIJ ~ NRCC ~ ASCE 1% i A ¥ o

&7 % PF A.G. Davenport #73% fl et B 3 sV E 5 35 4 REE (e A 2
T TR HHRE ~ BRE S AL (R )R AR gk e d R
FIF A F TR ?\.-'é‘-_mﬁ‘,"éfim A gt {é*?fﬁ:ﬁﬁ & o H e
FRo LR P EFF R ARSI B SE L Bt oo B
#-GLF ;2 *2§{ 5 Displacement gust loading factor » DGLF ;# ° DGLF /% 4% % 4¢
BAB P NERE RAERET AL P FmOGE o Tl 0 F 5
DGLF iz #¥ g s 7 % - i ¥ e {fel 24 5 & > #72 DGLF 2 #3046
rﬁ#k@{ﬁ#&og#&ﬁD@f%w%%ﬁﬁ%Eﬂ&%,aggﬁ
Tiop P EE G AR A G ESWL o A 28 - SENRE  RE NEEE (R
W)t 2 RS f che SN e A S > SRS B L EH =
e0 Fpt ESWL 604 15 g B~ -3t Af?# &~ fricfi 4R35 Zhou & 4 (1999a >
b)dp i » DGLF » 2 &7 Wb o F poofime X - L LERE© 5 g
el B3 Bar o Gl4oA KT 4 o B2 X Davenport(1999) f= Drybre and
Hansen(1997) 8 k$ * B2 883 BB 2 7 A3t & 2 3 fep M chx f@ NS SR
THF RS T GLF 2 P2 A 42 R - Ra > F 2 F B GLF 2+ p v p e
ﬁ%%»ﬂ;iﬁﬁﬁﬁiﬁ*t—@ﬁ&me‘ﬁ“lﬁ@ Mmoo i
PP KA L B ARG R T SR FORFS 2
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ERMERFAPLPELLE IR B

=4 h F R F3 ;2 (DGLF)

& DGLF = 2 ¢ » 2 fidd = s

P(z) =G -P(2) (3-41)

v

HOGLup 5 TR G 2 BB 2 BFeahpLozi.
Fit 4 GEUR e F i i f >~

s

o«

$ B R P(z)5 Tk 4 o & DGL
Gy =Y(2)/Y(2) (3-42)

He Gyies 5 DGLF 2eri b £ B FF 5 Y(2) 528 B higle T4
V(2) 5 58 Piar it £ s o $50 - B 2F R 7 5 AR S AR YR
S EPRER AR E M EMET G E T TN

GY =1+ gyo-y(Z)/?(Z) =1+ ZgyIHVB +R (3'43)

HYe gy o B XBEFF ropa 2B F B3 HRE-BLFFF RFF 'R

R ARE BTG 0 Iy =0,/Uy s BV BT B 0 5 & o Davenport

(1967)# =1 3+ B2 R PB4 i fid & 4 -
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o
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HEIGHT ©OF STRUCTURE ABOVE GROUND —FT
B 3-6 fekEF]+ 1r &
L kR : [Davenport » 1967]
=1 i"ff_ﬂ‘lv} Ts A
P(z) =1/2pC,WUA(z/H)** (3-44)
HOpLEFRA GBI e (4R ) W S b L
BHEFTR U@ =Uy(z/H)%% ¥ 5 21§ RzenTiop it > Uy b 4

Tﬁ%ﬁ&Hwﬁ9¢Uﬂ&ﬁ’awlb&&ﬁ%%ﬁ&°1*64$5*64®A

%2 s

79(3-42)F 5 172 DGLF j# 5 K344 cnE E kb ?~T§‘ tiE o

X (3-43)7 1% ¢ ASCE 7-98 ¢ % 4 chd B fo s R £ Judp M chs & F]5 %
%77

Gy =1+2Iy/g2-B+g2-R (3-45)
P ogy i b QTS o gpi BIRWE TS o FIEK 5B ETEAE S B
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INEAVAVE: 0
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PEDUCED FR — Deh Dob h_
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B 3-8 i ai®FFFiE
74 %k [Davenport > 1967]

U ;t(3-45)7‘f.?_u?r I iaiE ?‘Efr#%é}ﬁ%ﬁ:@, :

Gy = 1+ /G + G2 (3-47)

H ¥ Gyp s DGLF 0% § A £ ~ Gyg > DGLF e 454 £ o

2+2a

6o = 20u0 522 [[FIDPIL @ LOES() df — (-49)

2+2a

Gyr = 29rly m\/Ux(fl)PUﬂa' 1, f)l? Z_};l - Sa(f1) (3-49)

Su(f) 7 b i crp 3 Slic > @ H s 38 (3-48) % ;4(3-49) e S fiche ™

Ve (OIZ == f fy Ry Gea, %z, f) dixy dx, (3-50)
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LEE SRSt L)

BPCArC s fated B Al hE 25 B R xyfoxy 3 KT d BinE vz
foz, 5 F BB B o f 544 E_’ﬁ;"— fi & % 4 % - DGLF ;2 shif st

DA i’::g%ﬁﬁ-,’, o s e d ﬁhﬁ: T#*’ Al B oo ipit ‘maﬂ%ﬂm
Bk p 2 DGLF \‘\#&%m BoFFgICAE S o HY o R#B o EfrS - &
R TP EE R A FE R ﬁ’eﬂ ;% #& &-(Solari 1993a,b) -

e p KR F)S %2 (MGLF)

2218 5%Leh DGLF = 2 % > MGLF j# i * 2 & %% 52 (Base Bending Moment >
BBM)# GLF & MGLF » 7 %% 5

Gm = M/M (3-54)

H 9 Gy i MGLF > M 5 BBM ¢h 3aig » M % 7 8¢9 BBM 45U F fi « &7 02
% DGLF A2 & % %4 113 2B (Cu ¥ £ 2)PE > MGLF =7 13- 8 4 ¢

Gy =1+ guou/M (3-55)

gu s BBM 4 % F13 > gy 5 BBM 3B 5 fchias 430 o 4 2% DGLF
2 MGLF 7 124 = iy

Gy = 1+ 2I4/92B + giR = 1+ /Ghp + Gig (3-56)

ﬁ ¢ GMB = ZIngV MGLF m '§ /17\3 GMR = ZIH,gRVR :MGLF g
LA E o

2+2a

s = 20ul 52 17 SiPUKPDRY @ LR (35)
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RRABLRPRPLFLEER RS B

. A+2p@+2p2+20) (B4 -ACHA]
IR A ra+ Pl +2) - 1(1+20)] G+HQ+H)

(UG Uz . F 2 22531 (3-59)
DGLF ;2 ¥ MGLF ;% 2_ B %

Gm

@ Egr Y % DGLF 2 2 MGLF 2 enifimia % o 4ode 917 » MGLF
2% F 42 &2 DGLF 2 48 F - MGLF ;2 fv DGLF i chx 4k~ & 2 [ 4p i cnfd
GRIE AU TR LTS R M LA R s a0

g = GMR _ (A+28)(2+2B)(2+a)  [B+B)-A(2+B)] | ’I]z(t?l.[>’.f1)|2 (3-59)
R™ 6yr — (1+a+p)(2+28)-2(1+28)]  (3+B)(2+5) lJz(a,1.f1)?

domn AT o F PR TR IRT] 0 B E B Sl o Mg ALK - e ¥ - 3
oo %-%’f#-fﬁﬁ:ﬁ%”'] AFLAEPE > S RL TS Bt B e R iR B o 18
e DGLF 2 N ehESWL ¥ it g F % B> B 5 7 R 72 | p it -
B AR L0k o #% A& BBM ¢ MGLF i 8. i #-T 35 BBM % 112 ik 0
MGLF %3+ % » ¥ #4&'X BBM ~ el t5 A > B #:38@x 21fe? Afed
FEE A ig o 2 A 00 e AR RS R R PR T 0 1k ) S MGLF

#eim b % B2 DGLF - ¥ DGLF = j24pt » #74 eh MGLF = % 2 1 5
B F- o TR RO REESWLS § -:’§irHlWﬂkDﬂf¢
Mgl e e B MGLF 2 258 5 %= > w4+ S a R EakA g0 %

o et S B P R R A ey FE AR o

i @%
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% APEELHFPR

$IH BEALSFIHE CopulaBi L $F L% R

ﬁ-ﬁtﬁlf_é\ kil \Zl'lﬁi:

- A F * iR E A F S 4 (R4 F (Gumbel Distribution) 2 B & & & 4 F
AT fE AR

(Generalized Extreme Value Distribution) o 4 4 # x* ¥ f %
Fisher-Tippet Type [ 4~ # » ¥ - @ F Al F o F o H Sl

F(x) = exp{—exp |y + %"‘Um]} (3-60)

H¢Yyi Gamma So#ic H &5 057726 x5 BB $H m, b1 E$ kD
T o PHRREREL - R RIBEAS T ST B 5 ¢

F(x) = exp {— |1- "("a;x”x)]l/k} (3-61)

HvYou, i1 iE FHceni= ¥ £ ¥8c(Location parameter) ; a, & 1& & F# e B
% #ic(Scale parameter) ; k 5 #& & R Bk S8 F ki 0P > 55(3-61) ¢ Jeag
254(3-60)0 =+ A H A HE o FhkF 5 08 <30 PG F A F (Weibull
distribution) ; k% 5 0 F /] 3 0 pF » P| 5 2 T ¥~ # (Frechet distribution) o —

ik R (B-61)Y hZ B R HOT W S 1R G RN T S E R L > 5l

(3-62)% X (3-63)% 7 °

x-myp) /T
F() = exp{-[fy = sign(@) - f, =22] '} (3-62)
L=T1+1) (3-63a)
(3-63b)

fo =T+ 27) — f?
HooTh 8(3-62)50k Slic > PR E B TR EA F ¥ S Rk gt
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ERHRERTRPLF LR AR

M

F

Wo o FTs OFF » 8(3-62) ¢ Jzari;v(3-60)m = 24 FAHF o F77 5 08 53¢
0F > P 5% F &4 # (Frechet distribution) ; 7% 5 02 /> 0FF > Pl 32 &
% % (Weibull distribution) - d 3N REA T Sk A d = B BT F)
BT R EE R o RM A TR RS2 R AR -
HY > VliE- T ABESEDE R #GG-64)

cov_x = % (3-64)

«fu] 5N (3-64)*7 T R T L B RRE A T Y RS B ;jcﬁ;; o

Copula B &£ 8 % & # R 12

Copula 3 ST X3 ¥ KEHS % Hicdp B ILI 4L - 46 2 d — S % deen
@2 4 (Marginal distribution) k 7z & v 2. & 8 & & F o i€ i Copula sz
- BEE LTS 2 A A B E R SRR BRERREOEES T
e L T F e oot — ko — B R 73 5% H#(Dependence structure) ¥ #
Fh - BAIN eI T ias # 2 b B 4 4 #2558 s Copula ?P{;%W}iés
“{t&%ﬁt’ - BEE AT o RRMIEESA o Copula ¥ 4 5 15 3 AR

° - 'E‘fﬁ%ﬁmfﬁg/i.s‘ﬁkﬁ_}a 5 8 K4 ER fe R B3 5p & fo b BEAE A o

Sklar 732 §_Copula 2% ¥ &€ & chfA# 732 » * N ZEP Coupla 5 A drd
Mo BAXYES BRI BB LA T Sl H(x,y) AR B
BELF S fkE Fy(x) ~ Fp(y) » v 275 - B Copula B %5 50 BcCib &
H(x,y) = C(Fx(x), Fy(y) ) FFx(0) ~ Fy(y) 5 @ 4 # e > PR 55 B CRY
EgrvE- M eodpk ¥ o 4ok CH - B Copula d H(x,y) = C(Fx(x), Fy(y) )#T 2
BPH(GY) S - B A AT Sl B A SR A 5] 5 Fy(x)~ Fy(y) e Sklar
¥I2 5 Copulaen? S #1 - Bix> T g ffeope whBEHE LT Slicfodd
@ Sl 1945 Sklar %32 > v o C(w,v) = H(Fx'(w), Fy '(v)) 2 = Copula ° 48
F ¥ oo 4%k @ & Copula 3] > R#-2 doei@ % it » C(Fx(x), Fy(y) ) 1
@E|A K m & # SdcH (x,y)o @ Copula &2 8 8 5 A RHHCAchi & %8 &
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% AFEEHT R
SREE T TR SR R LR T SRR T N S
B Hopt 5 AR 4P Copula MBSk 7 f2h 4 Léi’.f‘%*}#)? B & s K A #

B Thend & R F] o

1

2N

IR AFIHHEFHREALRTA B 0 2 2o b P LR DREF G
BEAHFT O F LT AR SR 5 4RI KR & 0 Copula BB S ik
Gumbel-Hougaard & #c % F i B %% 5 #ic - Gumbel-Hougaard & #cv % 71 5 ¢

C0 (u, V) = CH [FX(x)l FY(y)]
1/6
= exp [~((—=In(w)° + (= In(¥))*)""]
0 € [1,0) (3-65)

# ¥ 0% Gumbel-Hougaard Si#icenfdic o 2 6 77 5 iy it ' LR L 7

Copula 318k » 4o Frank & # % Clayton S #ic( St f 5 Archimedean B 25 30 k) » 2

Ho4rd% 3 ¢ L85 % o F MOHRE » |7 055 % fRIE S5 R D
TR FTMEL .

C,(u,v) = &, [Dx" (), Py' (v)] u,v € [0,1] (3-66)

GLEF G E Sl ¥ by F ot Sofes L v e Copula Sl » 2
@od 3t S Copula S Bic > iBAF 32 0 B4 S A5 o
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Sr ¥ RFRREERLSN

¥ - 8 bk Ek
AFFANEF LA PR A0 b BREPIF K I AR R
e R R AR - FRERFRE 0B L%ﬁ'li&z*ﬁiw%”'lﬁv&@iiﬁd*?
A AR E’IF CHROPFIIEAFT T TR AR FTRT AL AER 2
Ayl R -BRFFHRE AR ]AE S R FL R R ,h%ﬁ‘v%;g&f' o
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PFCIRERATT TR AR FE T

RICIREAFTT TR FFHREN CER F AL - LE e g P ik S
BERSTIO = ?’ﬁ’»*ﬁ‘f§i§»9.122?’ﬁxﬂ'%}ié1592?°&/ﬂ?*\@
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FENEERFER AT 3 Nk AE- LA EFAY S AR E

26 2% '%“ﬁﬁr\ﬁmﬁ‘ P EEFERIFE R A v 255 o 2 & 315 2
R USRS GO P TER > URRFEAF IR A FY g §
A EETEFAFICT RS L o FORIRERLRE - AR > R F A
%ﬁ;ﬁ;&mﬁmzr 1S 2% @& L5 26 2% AR E LR 2RI F SRR
LA o BT AR AR AR BB 41 T o B oFTEIRNE T AN F
B NEFRRERA RS R DRI o SRR FHEY S
FE L 500 kW enE Z@ddhin i h 50 ¥R Bir g8 @ o A E
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o T eml BN TR il
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E o | r [t I
s _? TSI || If !
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& I == B . e o
o il r :
= S s HHH ~H T
i e = ST
e 'J.....ra 1}‘ ' [ P s . PR !
5B £ - 3 #= K
B S S A
T . I SEusuEHE
=== == = =l = .
- -] T e
= 2 - A2 ERAB T

R AT

— B = =

Bl 4-1 ) Fedhe P TS F AR b A LW
T kR [ A ]

R A B S -PRhrFIHRT

UL AR 1LY - B TR R R T RTEF 0 b F B
N AR oo 4o 42 A 0 b R SREE 120 2% 86 522 28

% 1.8 CRFTEFBRAVARE BB AAKEFRS 03 o B4 EBLE A
& Vb 5 (Centrifugal fan) » d £ 250 ™ 5§ 4 2. B nm B 5 EFH o bk D
AFTEddh 2880 2 ko2 ¥ E@ETHREEFL 1L0m/s 1 28 m/s -
BT B2 i B 3.60 10 i T g S K F 44 & (Honey core tube) * = &
2_[E R 4 (Damping screen) > ¥ " M kP pod n2 Finw R N5 0.5% ~1% o
B R F R BRI RIS R G EA 2 A% 2 v o (flE
Turntable) > T 5 ¥ &d T o irgd > BV & B2 ERIH AT E205°-
FREBIE > T EE S B2 R Iy T EPIFE BRiET o
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TR kR [~ g ER)

RFFe%zEAREZRTRY NDREF AFF 2 HABIFEIN - L3¢
(Pitot-static tube) * * b JF f b BRI %S4 b E BB 0 M2 A L5 b RE R
LR RER A FeR T R 2R M AN TR L b
U(m/s) :

U=,20p/p (4-1)

B Aps A E R pE S £(Pa) i ps 24 BA(H S 1.29 — 0.004T »
Himi kgm» " TE 3% 5 7% VER) BHHF LR % & (Thermal
anemometer) * > ¥ E A A R #3e 2 T FH2Z RN R TSI 7 4 22 £
BiE RERE 2a TFA-300 A £l b iE % ~ model 1210-20 — 457 i £ 34F
4~ model 1125 £ 4+ F 28 » 4ol 4-3 #71 o

51



ERAR XA P LR LA FI R BEAY

B 4-3 IFA-300 A E AR & & ~ 4% &t &
FHRRR (A EE]

BHAE SR & R DAL B4R %ﬁ%ﬁ%%ﬁm&4£’ﬁ$ﬁ%
G EpE R EFAZAF T2 RERE RN E R HAATRE R
g ag}%(Whetstone bridge) - § #F 4-(Probe)* 1. > % 2. R IEREFR R 2 ¥ m
PP 6 R TAHA S T o 3R~ (Sensor) 2 i (T3 SN RN R LR R
(Constant current) % 7 ;§ ;% (Constant temperature)= f& o |78 3% /i &) * 48 &
TR FIRE 2 RE o FIREFER o2 T B e g R R EE R e 2 4k

ﬁﬁ&ﬂiZ%WMﬁﬂifﬁ@*%%w%ﬁ%ﬁﬁiﬁﬁﬁ’ﬁﬁ?%
TR K@ R BRI ni %woﬁw%%7#@’%%ﬂﬁﬁ

Bl A - & 1.0mm E /£ 0.005 mm 2. % & #(Quartzrod) > + & BB B R 2
4 £ "-(Platinum film)> 2 b & % v — R 485 2 B 89 FF 45 4 * TSI Model
H2S FEF TR ERBRP TR I EFRAEEFF L HFELSEF LT F I
HE v AT Rk & 2 hwﬂoﬂ&ﬁ@w%1;méa%g@ﬁw%ﬁ
i 3% B(A/D converter)d 7 % % SLIE Bed (ST S AT E B T R
PR AR b F Y RRATIERIZ L E B L BT A B b (D
2R FR R ERT P BT e 2R o

R BUEIE A TR B R R BT S w38 R4 R P % (Cobra probe)
#iThEEP B 44 5 Cobraz 77 R Bl Mk #37 EPlu(ss b #)v(ip
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T Bt RRITHZ b ERICE R F 2

Device ID Body

e /PIEI

| Connector I—/’ M 0
Stem
pressure port

u: component of velocity
in X-direction

v: component of velocity
in Y-direction

w: component of
velocity in Z-direction

XY
plane

Y-axis

X-axis
*ve

Yaw +ve Pitch

(@ (b) v
8] 4-4Cobra probe k. & & B % &
FA KR [ A7 ]

RRBRFZFEY SHELTFIRABRFRET Y K H{FEITr 0245 L5
LEReTpREE R R o T2 Bdp B RGT S T B TR T ek 4 S 3
Boh 4 forh b erE 2 Bt R o Bl 4-5 5R4 BR kAT AW o
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RPU1000
{3/¥ OR CUST SUPPLED)

*USB-EXT3200

RADBASE3200 20033 PRETSUAE MODULE
“RADBASE3200-EXT

RAD A/D 3200

CUSTOMER SUPPLIED
PC DR HOST COMPUTER

Bl 4-5&+ Bk
TR KR A7 FER]
R BB E SRR Ui g
(1)& 4 28 g2 % ¥ (RADBASE3200 > ] 4-6)
— B 5V A 32 8 T B A B 2B 2 i 4 B (A/D MODULE)
— B ST A RS B E £ SI2 BRA PG
— HF b 2BE 3 A #ic i+ 3 BE(A/D convert) {347 & iE 16bit o
— & * B 57 i 500Hz o
—# USB /1 & By > 2 W R BATH 2 B i o
Q)& 4 B i BH- 2 (ZOC33 » Bl 4-7)
— B4 B 5 £10 in H20
—F AR5 20.2%

Foee HpBhBRICZESNGEGPVC E BRI R R RETH e RIEZ
MBS D MG AIE KA E SRR Bl w T e
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INTERFACE

COMMUNICATIONS I
ff

POWER

POWER
SWITCH

— AJD MODULE
(1TO8)

STATUS RADBASE 3200

LEDS

W) 4-6 /& 4 355 AJT 4 %(RADBASE3200)
FH kR [ A EE]

F14-764 473 B4 B R E e
S [ AR EL]

FHAAG RS 00 FROLT RS R B RS UREERRE 2
B BEa e o CERRIPTHRS £ L FR AP S5 Ly
LA PR LB GRS A R D RS R Rpl 2 A T R
BAE X b gL 278k o AR E ‘\_ﬁ;g;}%q ”T’fé—’ X, - féi
R EFASREAIE ) Gdp g ¢ e R S H B 1P PR R
B U R S R PR R e RS R R AL
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WO L2 BE TR o Tdg B e b UL U el R BEERE 2 2R R
FRASEL c PR EARARLL FRB DT 0 P ABEHLFABE 0 2 S - A
FAEFBE oI R ol SUELA H B2 B M o 2 AR PR

E_o

BOARF T - E* 9 gk 5L(White noise) (T 5 sUELR I O wRELE 4 B
TEEMEATA F o R (52 0 AL~ RS E 0 A2 DG 0 RIS
ZF R Bt F RS PR LEES 24 N2 PVCEE 0 2 R RBRAT
F*2PVCEF BRI L p HRBLZRS FhH BogmgTHE2 BTG
ERAG(AGEPVC gz B4 ) T x5X([0); a5 PVCE F @iz susls
BHAS TRV PRI HE S AH D X Y(OR 2 # 3 b
B0 M o™ AT

Hg(w) = Re[Sxy(w)]/Sx(w) (4-2)
Hy(w) = —Im[Sxy(w)]/Sx(w) (4-3)

H° Hy(w)? H(w)A B 5 X()EY ()2 4 5 g4 Sl Sy(w)d EF 2
BX(0)2 i A S8 Sp(w) 53w LY ()2 i 3 % A S Syy(w) 5 X(0)
2Y ()2 HE 5 Rel[Sxy(w)] ~ Im[Syy ()R] & B % LX) 2 Y (8) 2 F 3824
BRI o SR BEAITERIZRA FANEL TR HEREES
0 ARSI Ao T L4 R PECE E A 2 PP R AR RUEL S A(D)
B(t) 51152 38 o #-R4sh BALAD)E T3 &2 T > 7 @4 F
¥ 2 B Ag(w) +i4;(w) » F1* T i Hp(w) 2 H(w)* 9 5 3287 R4eBdp s & ¢

Hp(w)AR(w)+H(w)A[(w)
Hg(w)Hg (w)+Hj(w)H(w)

Bp(w) =

(4-4)

_ HR(@)A[(@)~Hj (@) Ap(w) ]
B (@) = o rr @i @) H @) (4-3)
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NP ZhRF S5M PVCF -

14
-
E 1.2
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~
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g 0.4 130cm
-
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0 50 100 150

0.0
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-1.0
i ——90cm
& 20 ——100cm
s ——110cm
£-30 —=—120cm
2 130em
= -4.0
-
an

0 50 100 150
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I B R A5 4% ii(Densimetric Froude Number) ~ % -2 32 #ic(Rossby Number) ~ %
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SR B4 2 E o 1995 Snyder (1972)587 7 8 % Bor o Btd KR
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SFERGEEELA T E o ﬂ&f”?%}* B Ry o BT BB AR
T L ()R Pl 2 3 e R ey s B RS £ @f”?ﬁ’]‘&_L.
Frh BER  RFEFUAFFREINZFIF IR BEFRFTCEFTR R G
BEPF 2 ey Q)R B2 F B R ORI PR R BT 2 T 0 3R
Boos P fh M BA Bl 2 REFE Q)T F BR R R R G
MR A GE(A)REIZ E AR A GEERSFHR 4 (S)REF T

y.

67



FERMERFRFLP L L2 Y iR
ZRFR A B2 Bl E T R LA SRR B & 42y
4-3 b’%fﬁéﬂ‘?%‘*“‘ﬁiﬂ?ﬁ?liﬂii‘ﬁﬁ CERHE SR B R H
10 ~ 480k o ficdp & B~ A BOREPF 2 Bcdy o
2042 A E Al R
g | sona | Eage |sasge |mrme |0 00 | sagm
LR
1.5 8.94 1/400 0.22 0.01 3382.59 106.43
2 9.62 1/400 0.22 0.01 3379.43 106.53
3.5 10.17 1/400 0.22 0.01 3380.21 106.50
3 10.66 1/400 0.22 0.01 3372.71 106.74
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