ANSATRIULLSIANTAALNYULNT BASNISAAUAUDS
Tng35n1sag19az1dem UV HILRY RN

wAS 25N

ASIAINTSNATIANT NA1INEIALETINAIARS

A5 129U

® d115UaASge (genous 80 1wmT Awll) erAsidRNgain 3
WinzasAunielszansna nieanA1sniaunlnidne

® UMYl 3 NMSATUINLSIANFAMNIULNT wazN1sAaUAUa Y
iFn19axn (Along-wind)

® UMYl 4 NMSATUINUSIANTAMNIUNILAZATITADU AU LUAFARS

annufiAnean (Across-wind) waslaunusdnafnifisuivii
(Torsion)
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s
u(t) u'(t) A
"\M /\z/(\l\f\ﬁ /\ﬂ/\““ o
IRUTERATY \/\/V\/\/UUT ut)=uU +u'(t)
V) I\
Mean Fluctuation
t
o, = wansfisn1suususauzasan (Wind Turbulence)
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o000
%3 [ X XX
ANANYUSADIAN ses

® AHNL5IANLARY (Mean wind speed)
® AannUwln (Turbulence)

® Lun1siUagnwlasaas F]’J’INL%’JGNLQ&C:I'EI (Profile of mean wind speed)

Height
a
— z
U = U ref
z zref
<Blm |
Open terrain Suburban City
Exposure A Exposure B Exposure C

giUszimAuuu A giidszwmeuuu B gRidssinAwuy C
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Wind

B FL
—»—\—,\
x Fo

—\\
Drag force (Along wind) IED = %pLTZACD
Lift force (Across wind) F = % PUZAC,
Torsion M = 1psz ABC,, .m
2 ;_%; Trammasat Unversty
ANWUSYDINANDUF WD

® Along-wind response

o AR9INALRAEYBY Drag force TINAUNAIINANNULUIUTINIDIAN

[

o #dnwazilw Random (Buffeting)
® Across-wind response

o u30AR91N Wake Lilaannanulaseas

L ﬁqgmmsé"uﬁmu 19% Vortex excitation LA Galloping
® Torsional response

® 1iR7N Aerodynamic moment
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ACROSSWIND ALONGWIND ___.cm==" K"

Mean Component of .
Oncoming Wind ~__ came="""

Vortex
Shedding

Fluctuating Component
of Oncoming Wind
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Expected Maximum Response of Structure

y(t) y'(t)

'Z\_M__ _ﬂ_gM__A_AJ\_A_ﬁ_A} o = Root mean square of y
TR TRAVATE
y7i

Inemguizes Random Vibration
ANIRYBIHARBUIUBINLART v
t anwnsanleann

Ymax =M+ 0,0

g, = Peak Factor

fA1Uszane 3.5-4.0
TngAguagiudaaatifiansan T uazdianuizoinanouduas i

0.577 4 .
Davenport (1964): g, = /2109, (VT) + ——— (85 3-0 Wi 27)

J2log, (vT) .
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Gust Response Factor, C,

Ymax = H+Qp0

Ymax = Cg xH

y > RMS/Mean
Gust Response Factor: Cg =M 17 7 j/'
u
@ Peak factor

Wind Resistant Design Standards
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JadwdrAgnsduasan o/ u

31wy Random Vibration

* NITUIMMITEN (19% AMMTIAN N30 HARBUAUDY) HIN1I0

RansanlugUzaednaunasewiairUsznaunfninanagle
N3zUIRNIIa Nk

* HaNTnNUERIFAFIUNAIIWAUAINNDABIAAWITENI Power
Spectral Density (PSD) Function

* AnaulIUTINTRINTEUIBNISEN LugUzee Variance (o°)

A1NNTanIlaanNwnlans1waas PSD

e RMS (o) wlgann sanfigeseasiuiilansinaas PSD

i,
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o o o da . see:
JadwsnAnisdnasar o/ 1 cess
. (X J
s [ J

(UavearAgyndinasa PSD 2a90anauauad)

® anwmuzaadAN5IaN (ANUNUIK PSD 209A1181578H)
® na2a9au1Ra1A1S (Aerodynamic Admittance Function)

® ALHBIIINANFNUALBINAAIFATE0981ATS (AN
5IINYNE FRTIHIBAITNAL)

® s uAlANT NI PSD 2asuanauaues wenin 2
811 Fg
o daufiunas nie dwmivain (Background or Quasi-static)
o dunarans wis dwiiman (Dynamic or Resonant)
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C, = 1+9g,| —
g Pl u

Root-mean-square
loading effect ——

o K
Cen

| Mean loading effect I‘/ lu

\

o o Sda

ﬂa*}]sxﬂ‘nﬁmumuﬂi Adsznau

Jagulumanana 4

b tHaea TN Background turbulence factor |
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dseine
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Acrosswind & Torsional Responses

® Across-wind response

a £ S A a A @ P Y o

navunaNuiluiluvesanuazszasnavinaoaniamiu Insaas1andii
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4
wyAnssulumsaevauesiusgiuzinssvesormaiiud iy
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® Torsional response
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Vortex Shedding
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Wind-Induced Motion:; Across wind

Wind-Induced Motion:; Across wind
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New concept for Gust Response Factor | ¢

M _=M+g.0
max M.
7 | P T, RMS of fluctuation
l \ of base moment
Peak base moment

of building Mean base moment Peak factor

Om Fwananiuiilinswaas PSD 2a9 Base Moment of Building

PSD 283 Base Moment lsa1n PSD 289 Aerodynamic Base Moment
uaz AuaNURLGINaAaRT2981AS

PSD w89 Aerodynamic Base Moment leainnisnadeuluglasias
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Namaudauag
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® N13ANWINIAIFINIINANUTZINA wazIWITeNTUIN N9
AIBAIINGNABILATFULUUNITAIWIN

AlJ, Japan (Alongwind, Acrosswind and Torsion)

ASCE 7, USA (only Alongwind)

AS/NZS, Australia & New Zealand (Alongwind and Acrosswind)
NBC, Canada (only Alongwind)

® IWINENAIALY
e nsnadaulugluAan

® nsANwIEUAMENURGINARERTIBI8 AT IUUIEINA
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35 High Frequency Force Balance ‘
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- %1A1 Modal Wind Load: Mean, RMS, PSD of forces and moments
- AMWIMNARIUEWDIZBIIAT9E319 9nFaya Modal Wind Load u,az%]/‘ﬂﬁdu@
PIUA 117612 B9 Tassa31s Tme Gust loading factor concept
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Spectrum of Alongwind Response :

e PSD of alongwind response from TU-AIT
wind tunnel

e PSD of alongwind response from Zhou et. al.
(2003)

e Suburban terrain
e Urban terrain

:.3-"- Faculty of Engineering
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eoeo
(XX X}
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HE
Along wind spectrum: 1-1.5-6 :
[fSu(f) Alongwind 1:1.5:6
0.1 -
0.01
E
o.ooé_001 0_61 0‘.1 1 Uy,

T
._-"vﬁ-' % Faculty of Engineering
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Along wind spectrum: 1.5-1-6

Along wind spectrum: 1-1-5
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Along wind spectrum: 1-3-8

Along wind spectrum: 3-1-8
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Example: comparison with
NBC & ASCE 7

e Hourly mean wind speed for design 20, 25, 30,
35 m/s

e Terrain type for NBC: Type B (suburban)
e Terrain type for ASCE 7: Type B (suburban)

—

% ¥ Faculty of Engineering
tiﬁ' Thammasat University

e0o
o000
; ; . eeoo0
Max. Alongwind Overturning M: 1-1-5 oo
o0
14 M
1.2
~ 1]
€
z
O 08
=
g 06
o
<
% 0.4 —oe— Test
£ b —=— ASCE
0.2 q —a— NBC
0 ‘ ‘ ‘
20 25 30 35 40
V (Lhr)
V 1 Hr. (m/s) Test ASCE NBC
20 0.278 0.330 0.301
25 0.485 0.543 0.509
30 0.762 0.824 0.793
35 1.122 1.185 1.162
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[ X X J
Max. Alongwind Overturning M: 1-1.5-6 se2s

max Along M (GN-m) .

35

34

N
wn

N

[
o

-

20 25 30 35 40
V (1 hr)
V 1 Hr. (m/s) Test ASCE NBC
20 0.684 0.786 0.736
25 1.190 1.316 1.272
30 1.868 2.033 2.006
35 2.591 2.958 2.963

[ X X J
. . 0000
Max. Alongwind Overturning M: 1.5-1-6 8ese
[ X J
25 b4
2 4
3
z
Q 151
=
o
c
o 1
<
ié —o— Test
05 # —8— ASCE
—a— NBC
0 T T T
20 25 30 35 40
V (1 hr)
V 1 Hr. (m/s) Test ASCE NBC
20 0.489 0.493 0.525
25 0.779 0.826 0.912
30 1.151 1.274 1.442
35 1.672 1.850 2.131
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Max. Alongwind Overturning M: 1-3-8

1.2
14
€ 08|
P4
e
= 064
(=2
c
o
< 041
é | —o— Test
029 —= ASCE
—a— NBC
0 T T T
20 25 30 35 40
V (1hr)
V 1 Hr. (m/s) Test ASCE NBC
20 0.225 0.285 0.242
25 0.371 0.462 0.400
30 0.588 0.693 0.611
35 0.912 0.987 0.882

[ X X J
Max. Alongwind Overturning M: 3-1-8 -
[ X
[ X J
0.4 ®
0.35 -
034
E
pd i
9 0.25
=
o 021
c
o
< 0151 —o— Test
é 0.1 —=&— ASCE
! —aA— NBC
0.05 -
0 - - -
20 25 30 35 40
V (1 hr)
V 1 Hr. (m/s) Test ASCE NBC
20 0.066 0.079 0.092
25 0.113 0.130 0.156
30 0.183 0.196 0.242
35 0.264 0.280 0.354
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Spectrum of Acrosswind Response | ¢

e Test results from TU-AIT wind tunnel

e Results from Zhou et. al. (2003)
e Suburban terrain
e Urban terrain

e Proposed curve from AlJ 2004 (Architectural
Institute of Japan)

e Proposed curve from Gu et. al (2004)

Across wind spectrum: 1-1-5 :

Acrosswind 1:1:5
[Fsu(f)

O-ZM 10 —— urban terrain

0.1+

0.01 -

0.001 : :
0.001 0.01 0.1 1 ~H
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Across wind spectrum: 1-1.5-6

fSyu (f)
] 10

O'2M

0.1

0.01

0.001

Acrosswind 1:1.5:6

—— urban terrain
subburban

— Test
—Al
—Gu

0.001

0.01 0.1 1
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Across wind spectrum: 1.5-1-6

5, (f)
O'2M 10

0.1
0.01

0.001

Acrosswind 1.5:1:6

—— urban terrain
subburban

0.001

0.01 0.1 1 u
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Across wind spectrum: 1-3-8

50 (f)
O'2M 10

0.1
0.01

0.001

Acrosswind 1:3:8

—— urban terrain
subburban

— Test

—AJ

—Gu

0.001 0.01 0.1 1 U H
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Across wind spectrum: 3-1-8

5, (f)
O'2M 10

0.1
0.01

0.001

Acrosswind 3:1:8

—— urban terrain

subburban

0.001 0.01 0.1 1 U H
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Spectrum of Torsional Response .

e Test results from TU-AIT wind tunnel

e Results from Zhou et. al. (2003)
e Suburban terrain
e Urban terrain

e Proposed curve from AlJ 2004 (Architectural
Institute of Japan)

T,

) annas
(X X
o000
o000
oo

. :0
Torsional spectrum: 1-1-5
Torsion 1:1:5
[Fsu(f)
O'ZM 107 —— K-Urban
K-Suburban
—— Test
1 — A
0.1 /
0.01
fB
0.001 : : S
0.001 0.01 0.1 1 U H
=

23



Torsional spectrum: 1-1.5-6

fSyu (f)
| 10

O'ZM

0.1

0.01

0.001
0.001

Torsion 1:1.5:6

—— K-Urban

K-Suburban
— Test
—AJ

0.01 0.1 1 ~H
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Torsional spectrum: 1.5-1-6

£S5 ()

o’u 1

0.1

0.01

0.001
0.001

Torsion 1.5:1:6

—— K-Urban

K-Suburban
— Test
—AJ

0.01 0.1 1
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Torsional spectrum: 1-3-8

fSyu (f)
| 10

O'ZM

0.1

0.01

0.001
0.001

Torsion 1:3:8

—— K-Urban

K-Suburban
— Test
—AJ

0.01

0.1

Faculty of Engineering
Thammasat University

Torsional spectrum: 3-1-8

£S5 ()

o’u 1

0.1

0.01

0.001
0.001

Torsion 3:1:8

—— K-Urban

K-Suburban A
~
\

e
7

S/

0.01

\

0.1

\
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50 Reinforced Concrete Buildings

50
£ 4
2w
Number of stories: 5-42 ;;' 2
S 104 L
2 »

135 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39
Building Number

160.00
140.00
120.00
100.00

80.00

Height: 20-210 m.

Height, m

60.00
40.00

sl
=L
0.00
13 5 7 911131517 19 21 23 25 27 29 31 33 35 37 39
Building Number

b Aaot s Lam il (il aiall e en e ot Sas

000
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Periods of translational modes and height
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Natural Periods and Natural Frequencies

Natural Period and Natural Frequency

YIULIAAS Aady AULIAUN
Period 0.016H 0.019H 0.023H
Frequency 62.5/H 52.6/H 43.5/H

AfiuweinlAld Frequency = 44/H dwnsunisawluanindng
wae Frequency = 55/H dnsunisdulniluuuidn

b Maad Byt uliﬂ-'li il aflnal o on b Bar

[ X X J
0000
. . [ X XX
Damping Ratio 0o
[ X J
[ J
10.00 +
¢
o % o
o % - Y} A
NETE TR AN W '
Ca 1
1.00 4 @ B o Aq A
& o 2 A A“E @A‘} % g o Tranl
& o .0 aAal ° A Longl
=3 ‘:bé a ® A &
£ °s n AOI- SN 0 Torl
§ A "y s ® ° o Tran2
A Long2
0.10 | = o ong
o m Tor2
® Tran3
A Long3
= Tor3
0.01 T T T T |
0 50 100 150 200 250
H(m.)

ATikuesinlvild Damping ratio = 0.005 — 0.015
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Peak factor

Root-mean-square
loading effect ——
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