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Earthquake

[] Zone 0: MM V and below
[ 1 Zone 1: MM VI

[0 Zone 2: MM VI

B Zone 3: MM VI

B Zone 4: MM IX and above

Probable maximurm intensity
(MM: modified Mercalli scale)
with an exceedance probabili

of 10% in 50 years (equivalent to
‘return period’ of 475 years)

for medium subsoil conditions
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wseafmeELauLnI (Equivalent Static Force)
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Force Controlled VS. Displacement Controlled System
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Force Controlled System
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Displacement Controlled System
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* sanuuuemiiudnsmelasduusidaidanumiterinda
" Audanunwn 025 m @diuwia 0.7 mx 0.7 m

. ﬁmﬁhm“snnmﬁmnﬂaun“‘:‘fmﬁ’lﬁ’u 2400 kg/m’

. ﬁmﬁfnmmﬂmﬁmmﬁ'u 200 kg/m®

" mintiung 180 kg/m?
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SIDE VIEW
1, fmwanabminenms 000 000
- ¥ e RO S 0000 o000
“Tl'l’m"lLﬂ“'l:u’T“unUTT\‘znﬂﬂ“ m“TUUjﬂ71ﬂ1lﬂ'ﬁtnﬂ\“numﬂ1 (X XX} \ (X X K]
. 000 ol ;o eo0o
® 1fiwiin DL #w + Superimposed DL = (2.4x0.25+0.2)x 24.7 % 48.7 oo 2. usraaungIn V= ZIKCSW oo
= 962.3 Ton ° Z =038 FmTuLSiami 2 4
I=1.0 fwTuananaly
o hminiaded = 28%0.7x0.7x3.0x 2.4 8 en 2 2 s o TRl
WL 28x0.7x07x3.0x2 K=10 fmulassaPaundanianumilsinne
= 988 Ton s oA
S=1.5 FIRILUAKT DU
o shwinaduuan = 28x0.7x0.7x4.75% 2.4 Enain
= 156.4 Ton 15VT .
7 =0.094/D dwivaresnaly
I - "
*  uwITEuaINIHETH = 0.18x(48+96)=3.0 HIE19 N-S Vi :[].()l)x34,25/q,‘43‘7 =0.44 sec.
=778 -
Ton fiama EW T =0.09x34.25/1/24.7 =0.62 sec.

&
®  MUNITAUDATTTULTN = L18=(484+96) =475

=123.1 Ton
dwimiomun = 962,310+ 98.8x9+156.4+77.8x9+123.1
= 11500 Ton
WwinTTweIn = 962.3+156.4+123.1=1241.8 Ton
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winTawiuin 9 = 962.3+98.8+77.8=11389 Ton

#i1 C NEma N-S
fin C fignme E-W

UTIRAaU fiFm1d N-S
usadan fieng E-w

C=1/(15J0.44) 0.10<0.12 13 0.10
c=1/(15v0.62) 0.085<0.12 1461 0.085

V=0.38x1.0x1.0x0.10x1.5x 11500 =655.5 Ton
V'=0.38x1.0x1.0x0.085x1.5x11500 = 557.2 Ton

B
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3. usadauiigm uazluuudwanain @miufiens N-s

igann T <

0.7 sec favim £ =0

M V' =655.5 Ton

= 4 . x VIWh
nznaduusiiudazu F, =
> Wk
=1
Floor W, (Ton) | h, (m) | Wh, F, (Ton) | V, (Ton) | M, (Ton-m)
10 (Roof) | 11389 | 34.25 | 39007 | 114.1 | 114
9 11389 | 31.00 | 35306 | 1033 | 217 371
8 11389 | 27.75 | 31604 | 925 310 1078
7 1138.9 | 24.50 | 27903 | 816 392 2085
6 11388 | 2125 | 24202 | 70.8 | 462 3357
5 11389 | 18.00 | 20500 | 600 | 522 4860
4 11389 | 1475 | 16799 | 492 572 6558
3 1138.9 | 11.50 | 13097 | 383 | 610 8415
2 1138.9 | 825 | 939 27.5 637 10397
1 12418 | 500 | 6209 182 | 656 12469
Base 0.00 | 224024 15746

Tuwudwanai

=15746 Ton-m
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wseTunRIsIUNNSERRaNUTUES 9
WNan1sItAT1ERlATIAS9 (FiF N-S)

114.1 Ton

A J

103.3 Ton

92.5 Ton

18.2 Ton

Y
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o, o s e -3 g -
4. msmmmm‘:maaumauwnﬁﬂ’mﬁnsmﬁa‘mnagﬂﬂnmaqmms (Story Drift) uaz ATUTTINTIA

Uszumuin

Ik

Lateral Stifiness mna'fuu.sn
Stiffness V0ITUEY 9 (h=3.25 m)

Modulus of Elasticity of Concrete

Moment of Inertia of Column

Story Drift A, =¥, /Stiffness of thei- th floor

E=25x10° ksc
1=70"/12=2.00x10° cm'
k=28(12E1/h* )=134.4

k = 489.4 Ton/mm

Tonimm

Floor | A, (mm.}| & (mm) | #, (Tony| 7, (Tom)| W5 | 1.3, |

10 (Roof) | 023 | 1272 | 11388 | 1141 | 184168 | 1451 |
9 044 | 1248 | 11389 | 1033 | 177475 | 1290 |
8 063 | 1204 | 11389 | 925 | 165066 | 1113 |
7 080 | 1141 | 11389 | 816 | 148157 | 931 |
6 094 | 1061 | 11389 | 708 | 128100 | 751 |
5 1.07 | 966 | 11389 | 600 | 106294 | 579 |
4 147 | 859 | 11388 | 492 | 84104 | 422 |
3 125 | 743 | 11388 | 383 | 62798 | 285 |
2 130 | 618 | 11388 | 275 | 43490 | 170 |
1 488 | 488 | 12418 | 182 | 29539 | 89 |

Base | 1129192 | 7082 |

dmiutuuan (h=5 m)

dmIuTudu 9 (h=3.25 m)

AUETIUTE T =271

V2> /9,

0.005h, =25 mm
0.005h, =16.25 mm
A, £0.005h, OK

> ws, :

A [ 1129192
T
V9.81x 7082 x 1000

=0.801 sec
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5. usaidlanfign uszluwudwinadn dawmiufieniy E-W uazusssuma

Tuuudwanain

Floor W, (Ton) | h, (m)| W.h, | F, (Ton) | V, (Ton)| M, (Ton-m)
10 (Roof) | 1138.9 3425 | 39007 97.0 | 97 |

9 1138.9 31.00 35306 87.8 185 315
8 1138.9 27.75 31604 78.6 263 916
7 1138.9 24.50 | 27903 694 | 333 | 1772
6 1138.9 21.25 | 24202 602 | 383 | 2854
5 1138.9 18.00 20500 51.0 444 4131
4 1138.9 14.75 16799 41.8 486 5574
3 1138.9 11.50 | 13097 326 518 7153
2 1138.9 8.25 9396 234 542 8838
1 | 12418 5.00 6209 154 | 357 10599

Base 0.00 224024 13385

=13385 Ton-m
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w3 TuLRITIUNNSER AN LT WA 9

WWan1sitAs1ERlATIaS9 (i E-W)
97.0 Ton
— ¥

87.8 Ton
78.6 Ton

15.4 Ton|
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m'sﬁ'lmmm'smﬁauﬁ’aé‘uﬁnﬁﬁmﬁwi:ijﬁuﬁagﬁmﬁmmmﬂw (Story Drift) L&z MUFIINTIA

Floor | A, (mm.) | & (mm.) | W, (Ten) | f, (Ton) | W57 | £,5,
[10(Roof) | 020 | 1081 | 11389 97.0 | 133073 | 1049
9 0.38 1061 | 11389 | 87.8 | 128237 | 932
8 0.54 1023 | 11388 | 786 | 119271 | 804
7 0.68 9.70 11389 | 694 | 107053 | 673
6 0.80 9.02 1138.9 | 602 | 92561 | 543
5 0.91 8.21 11389 | 510 | 76804 | 419
4 0.99 7.30 1138.9 | 41.8 | 60770 | 305
3 1.06 6.31 11389 | 326 | 45376 | 206
2 1.11 5.25 1138.9 | 234 | 31425 | 123
1 4.15 4.15 1241.8 154 | 21344 | 64
Base 815914 | 5117
Swar 5
278 $1914 301 sec

AMUETINTE T = 2;r\/

=2n
2> 1.5 V9.81x5117 x1000
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Some common types of wind events

® Monsoons — ANHIFH ABWILTLARTBAINYANTA

® Tropical Cyclones (also called Hurricanes and Typhoons) — ﬁawwqmﬂumm
sow wsanglalaan (cyclone) NHAuALARMTaNMAEMTIMIRTDH
Fuunleasion
WigssatuLanSam (tropical depression) AMMFIANINAFUENa9tBENI1 63 Nal./YN.
W1glgusaw (tropical storm) AMSIANINARAENA19 63 f9 118 Nat. /Y.

6K (typhoon) AIMLTIANGIFAINAAWENA1ININAT 118 NH./ Y.

a § o &
® Thunderstorms — ABWEHBAIAZUBS LARIINNITIARDUAITUIBIBINA
SOUAW WAITINAINAWLU W WAN BazHa1NALEWARIBNILNBABES
590157

® Tornadoes — ABNEV}UIUITIIARIENTIY HAINTULIIHIN
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NE monsoon (Nov.-Jan.)

B
iz "'..-

SW monsoon (May-Oct.)




Monthly Path of Tropical Cyclone World Map of Lightning Hazard

e FLF T

R - ~T — -
S an - ¥ an foaf
Orbits 1290 | <10 =10 =25 50 =100 >150 >200 >300 >400 »500 >750 >1000 W
»;lr:::es Q%ﬁ: (I [ [ o:r"“a

Groups 12863929 i
Events 26006503 April 12, 1995 — December 31, 1897 NASA / MSE

Figure from www.gquest.org

S Downbursts
240m Hmu\ (AN

110 '“'1'[ Dl’ GYLF
S Mean annual number of
180m \ thunderstorm days
LTy . (Atkinson 1971)
~3Dywn D 1 '
120m !
s0m Thunderstorm day #8 $1%3Wiu}

Tagwdeeluinnzwosnsune
nitelu1d

Stag 'atinu Cone ;t Front
600m 1200m 1800m 2400m 3000m 3600m
L 4km !
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From 1951-2006

164 Tropical depression
12 Tropical storm
1 Typhoon

Total 177 storms
Average 3.16 per year
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Average occurrence per year
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- - TROPICAL DEPRESSION

=== TROPICAL STORK

CRURCH [0 r_f THPHOON
] @ varater e M ciRoLe
110 115 120 125 13

Date Name Type Origin Entrance Effects
22/10/1952 Vae Tropical Pacific Trad (East) Several dead, some damage in
(5218) stoum Ocean Bangkok
25/10/1962 Harriet Tropical South Nakhon Sri Thamarat | Wind speed of 93 Kmv/hr, storm surge,
(6225) storm China Sea | (South) 12 provinces were affected. 935
deaths. 50,000 houses were damaged.
loss about 1320 M. Balit
23/09/1964 Tilda Tropical Pacific Nakhon Panom
(6419) storm Ocean (North-East)
03/09/1969 Doris Tropical South Nakhon Panom
(6910) ST China Sea (North-East)
30111970 Ruth Tropical South Surat Tham (South)
(7026) stonmn Chma Sea
05/12/1972 Sally Tropical South Surat Thani (South)
(7299) stonmn Clhina Sea
04/11/1989 Gay Typhoon Thai Gulf | Chumporn (South) 602 deaths, 46,000 houses were
(8929) damaged. loss 11,739 M. Balt
30/08/1990 Becky Tropical Pacific Nong Kai (North-
(9016) storm Ocean East)
1990 Ira & Loa | Tropical 38 Deaths, loss 7,326 M. Baht
| depression
17/08/1991 Fred Tropical Pacific Nakhon Panom 27 Deaths, loss 1,745 M. Balu
(9111 | storm Ocean (North-East)
15/11/1992 Forrest Tropical Pacific Nakhon Sn Thamarat | Loss 3,000 M. Baht
(9229) stonn Ocean (South)
04/11/1997 Linda Tropical South Prachuab Kirikhan 58 Deaths, loss 211 M. Baht
(9728) stonn China Sea | (South)
13/06/2004 Chanthu | Tropical Pacific Ubon Ratchatani 2 deaths. loss 74 M. Baht
(0405) stonn Ocean (North-East)
02/10/2006 Xangsane | Tropical Pacific Ubon Ratchatani
(0613) storm Ocean (North-East)




Typhoon Gay

Joint Typhoon Warning Center (1989)

eye passage. Gay's intensification continued,

reaching 100 kt (51 mys) at 040600Z just before
it crashed into Champhun, Thailand which 1s
located 210 nm (390 km) south-southwest of
Bangkok. The radar at Champhun (WMO
48517) had wracked Gay for 18 hours, before its
reports abruptly ceased shortly before the

typhoon (Figure 3-32-1) came inshore. At least
four hundred and ﬁfg-eight Eeogle were died
and over OO0 fishermen were Teported missing
at sea. In addition, two hundred fishing vessels
were lost or missing.

[ X X X
Path of Typhoon Gay seet
N 3]7‘.',10 75 80 85 20 95 100 105 110 115 120E
TYPHOON GAY
BEST TRACK TC-12W

01 NOV-10NOV 89 |,
MAX SFC WIND 140KT |/
MINIMUM SLP 898MB

AMALFgneLiiasanwgduiinsuas cee

® LA ULFENIETINATT 3000 NAIATLIDW FTHITILAAN
NWIAN - LN W18 289N T

o Thalawuawialnaswiviiniinanauieniensaivs

® U351nn130iM38131 Wind Shear 3aanuazNann1gWn
WagnfiAN1Im3aAMT1a8e819590157 1 TNa1RZ8Y
guRmaianulATasdn
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Collapse of a large billboard at Bangna on April 2002

| PR 47m X 82




28 June 2007 .
Pradit-Manutham, Bangk

ﬂﬁﬁnmnaﬂmé'saﬂuﬂsm%ﬂ oo
® Atkinson, 1966
® f.n3. fidn3 msqﬂé, 1970’s
Analysis for wind speed in Bangkok, design pressure for building up to 100 m.
® A.n35. Ynisu é’ﬂamzﬂizﬁﬂé 1990°s
Extreme value study for all parts of the country, design wind speed map
® [IF.AT. WA ANTNNUGLITEY, 2007

Revision of wind speed map
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Wind speed data

Source: #0117352927101A N3HYAY 73 dail

[ & a P
Data: AMHLIIANWUEHD dd qm‘luia‘uﬂ

Period: W.A. 2494 fis a9y

Data characteristic:

° ﬁhg{%;ﬁhiﬂﬂ?]ﬂﬂﬁﬂﬂﬁqLaﬁla‘lu 5 U9,
o dnnuIndaNdadl,

® STAUAMNFIVBIHINTIVIA
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RANWAFNARSIASINI 19N AR

szuulAseassadnedng
Stiffness, k
Single-Degree-of-Freedom

ATUGIINYNE (Natural Period) T :2n\/%

AIIND659NYNR (Natural Frequency) £ - \/% 938 w:\/%

3

& e

a amzﬂaomsﬁ’u‘lmwafnsaﬂ%’wmuﬁswmﬁ

SRI1EIBAINNHAIII (Damping Ratio) 5:% W lURAn 0.01-0.05
mao

n"amwmmm?umsamema“(w1umnmiﬁ’u2mwwfmaa§’w
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- o eoo YY)
29AUILNAUYDITZUUNAIR o000 . -
0cel Natural Frequency and Natural Period 0cel
[ X J ( X}
H o f Mo ° °
1 |k 1
77 N Vo) Natural Frequency f = \m Natural Period T =7
5 7, =2nlw, s . 250-m-high
Uy A0y b 60-story % reinforced
¥ steel _goncrefte
building chimney
uih l Amplitude, 120-m-high
vavity dom K—t300m=
F2i RC. g ¥ Qe—stofv. dli A
nuclear reacto steel building -‘Jr
on rock T astory 5 - Long-span
One-story > building o suspension bridge]
- = = building F =
3 1=t o
s T T 1T
ATUSIINYIB (Natural Period) T= — . 02wy 0405 0% 4 I A _?_'Ks‘ec)
—— - B—g-et——— ¢ ——>
d o 1 o 0 s 2 - o5 o2 2.1 fH2)
AINASIINYIR (Natural Frequency) f= T = g lass alé’qa Rigid ] TA595419 Flexible
ANHNFINIDATUHU ATNABHIaAUET
g $3s 322,
é’numzwmmwmau b o PP
e ﬂmﬂﬂHEMZ?IﬂGﬂN ee
u(t) u'(t d
M (A),[\l\ A A | ® AHL5IaNLRRE (Mean wind speed)
e iy
W Y U U T u()=U +u'(t) ® A NUUI% (Turbulence)
U Meajn ictuation ® LN UREWLUAIZBIANNISIANLRAY (Profile of mean wind speed)

t

g,

Ly = mMswususiwaasan (Wind Turbulence)

Turbulence Intensity: agurawasuaassdimwnisulsUsnaoan I, %
U

Turbulence length scale: aursmwalasiadazainisussnzasas
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Height
z
< |-
Open terrain Suburban
Exposure A Exposure B

gavszinAwuy A giuszinAuuy B

city

Exposure C
gidseinAuuy C
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o000 o d o o000
Jd sl o sece LIIAUANATYUDINDTIATTNHUHIUATHNLIA seee
LIIANNNIENIRB LASIAFTI % . %
- H nazuRIN1an1sUsENIMA lun1saanuLUY .
S e
;—*?/—/—,—q‘: A !
u . I‘. ' &
[ — Wind 5
4\—_ . -
~\\ p o
. ——1 = /{ PJ > Low-rise building
Drag force (Along wind) F, = EpLT2 AC, .\(l (\ -
Lift force (Across wind) F = % PUZAC, "‘.\\L -
_ |1 — h
Torsion M o= pU “ABC Y
2P M- - _—
[ X X} o [ X X}
o 3 ANUTYBINANDUAUDI 4
AN ﬂuaumeﬂu (Internal Pressure, Pl.) °2e e
[ J [ ]

IWinc;} :: Pi=0

Vivy

1111

T4

hind} ::: Pi<0 <
' >

|

i
"

trtt
R EEE

|Wind} ) P.>0

—>

T
R
RRR

tr 111
M

him;} '{:‘Pi:i >
]

® Along-wind response
o AnanALaiezeg Drag force SINAUHANNAINLUSUTINIDIAN
o #dnwmzitu Random (Buffeting)
® Across-wind response
o usARIIN Wake LiaanwanulATaagg
o leynIN19EULUY Vortex excitation
o {JeynIN198§WIUU Galloping
® Torsional response

® ima1n Aerodynamic moment

a & e ' - o o '
® Lﬂ[ﬂ‘{l"lﬂﬂ"]iLElﬂ\‘i[ﬂ’lLLﬂ%Gﬂﬂﬂ@ﬂﬂ%ﬂﬂﬂ?ﬂN?ﬂﬂUﬁq}ﬂﬂ%Elﬂﬂ']\‘lﬂ’J’lNLL%\‘iLLﬂi\‘l
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Mean Component of .
Oncoming Wind RS

ol

ACROSSWIND

P sttt

Fluctuating Component
of Oncoming Wind

Shedding

ALONGWIND __ ...
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o000
& o000
o eo00
o0
/f\’\\ 'M/A\_ [ J
o/ WL\/ W‘«v‘" (a) Along-wind force
@ time g
'y (b) Response of structure with high f
()
/ﬂ'\-\ /\ : Small vibratory component
' ik o (or small resonant)
i v i
1) e
(c) Response of structure with low f
: Significant resonant

Expected Maximum Response of Structure

X(t)

X'(t)

'(\\'}M\;\'//‘A'/\':i[\l\"f\'/ﬁﬁ'ﬂ'ﬂ'/\} X

WYY
X

d1unsanlaann

t
X e =)?+gp0'X

g, = Peak Factor

fAA1Usenm 3.5-4.0

Inemqufzas Random Vibration
' { o &
ANg9gRZBINARUAKBINARIN X |,

& tooy da | o
Tmﬂmzmagnummmwwmam T wazdAINNOZBINaRaUARDY |/

0.577
Davenport (1964): |0, = +/2l0g,(VT) + ———
"’ P ) yJ2log, (vT)

Gust Response Factor, G

X aX:)T+ng'X

m

X

max

Gust Response Factor: |G =

x|

Wind Resistant Design Standards
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ANUsznauLhasa1nni1snzlanaasan NBC 1995

(o}
C, = 1+0, —
g Pl u

Root-mean-square
loading effect "

o K

Mean loading effect H eH /
ﬂNTJi:ﬂ‘VIﬁWNﬂ’]LLU‘S Anlsznau
wagwlumaeueges: 1HB9anaNIN Background turbulence factor
2a9aMNYHUIEINA QAUszine
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RUIYLSIANFINIUNITODNLLUY (p)

p - quCng

\ AdnUszans

YBILLINAN

AUIBUTIAN

hasaInAEs

AsznauLiasan A3ENa UL INug
S nsnszlanvesan

1 —
p=|5,0° ciC,C.

Mean pressure \ J
Max pressure \ )

Max pressure at height ~ \ _ )
Y
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New concept for Gust Response Factor

M =M +g,0
max M
) J p\ T, RMS of fluctuation

of base moment
Peak base moment

of building Mean base moment Peak factor

Om Awananiuiildngvlzas PSD 2as Base Moment of Building

PSD 289 Base Moment 1#a1n PSD 289 Aerodynamic Base Moment
uaz AMaNURLGINaRAET981AS

PSD %83 Aerodynamic Base Moment lsiainnisnagauluglasAas
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(2) d1mze9a1A15NFaLin 10 AT WA LNLAY 20 LNAS 80
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(4) dr129901A15Ng9LA% 40 LHNAS 160

as. 1flunils Nivde Swsmdeyaninamtingiaiaeimavesnsngatesine muranily
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571 a3 \Junile nilude aavdunaluladuvsiarde
SF. A5, UAS {l:‘ﬂ:iﬂ&l NAINY1RUEITHANTRS
NFL. A3, qﬁmé LNNANING Hong Kong University of Science and Technology
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WHEAIAN 2550

YA ULAYDINITANE

o n1sUsulgedagannusraniugIusmiunisaanuuy
a1AseasUsznAlng

® NISNAABIRINIUATIVNAUTENITDDNUUURAINNIATZIUNS
2ANKUUAIATIATUNTULIIAN
o nsnasaulneglusras
o msasivinAmandBBonamanszasarns

® MIMMAUANIATFIUNITIBARUVDIAISHTUNTULIIANATHIY
Usznelng

Contour for non-cyclonic wind speed

V50
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Serviceability limit state /' =V,

Ultimate limit state V =T Vg

Zone Area Vi T,
Zone 1 Central region 25 1.0
Zone 2 Lower part of Northern region and East west border region 27 1.0
Zone 3 Upper part of Northem region 29 10
Zone 4 A East coast of Southern peninsula 25 12
Zone 4B Petchaburi and West coast of Southern peninsula 25 1.08
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1-hour average wind speed at 500 years return period

Min. V (m/s) | Max. V (m/s)

Thailand 31.6 36.7
Japan (AlJ 2004) 32 45

Australian standard (AS 1170.2)
V500 Zone B ~ 37.3 m/s (Non-cyclonic zone)

V500 Zone C ~ 43.1 m/s (Cyclonic zone)
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