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# # 5873367525 : MAJOR ARCHITECTURE

KEYWORDS: PAVILION / SEEING THE WIND / KINETIC ARCHITECTURE / STRUCTURE
WITTHAWAT PRABHASAWAT: Seeing the Wind: Pavilion Design in a Rice Field
along Rangsit Canal Number Ten. ADVISOR: ASST. PROF. M.L.CHITTAWADI
CHITRABONGS, Ph.D., 90 pp.

This thesis entitled “Seeing the Wind: Pavilion Design in a Rice Field along
Rangsit Canal Number Ten” is a design/research project that does not take the
functional approach toward planning a building. The objective of the study is the
development of swayable structures. These structures are the tools to visualise the

invisibility of the wind.

The thesis begins with the reviewing of Vitruvius’s book in order to see how a
Roman engineer/architect designed a building with the wind. To him, no wind should
be allowed to ventilate buildings due to the Miasma Theory. Structurally, the wind
was undesirable. Flying buttresses were designed to protect the Gothic cathedrals from
swaying. In the design phase, the constraints for designing the pavilion are 1) the
columns should sway and return to the upright position. 2) the columns should have
the minimal surfaces, and that surfaces should be able to receive the maximum wind
pressures. 3) the weight of the columns should be minimal so that the concrete
counterweight would not be too big to be transported from a factory to the
construction site. 4) Ball joints are chosen because of the 360-degree movement. Then,
the pavilion’s layouts are analysed through the computational wind simulation
program in order to identify a form of the columns. The crossed rectangles are chosen.
Then, the construction begins. In a rice field along Rangsit Canal Number Ten, the white
structures slightly move and return to the upright posture. However, one doubts how
far this design can improve the kinetic architecture. The suggestions for improving the
movement of the structure are to fold the vinyl sheets and to replace the

counterweight with a steel spring.

Department:  Architecture Student's Signature

Field of Study: Architecture Advisor's Signature
Academic Year: 2016
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Dover Publication, 1960. pp.24-25
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* Robert Mark, Light, Wind and Structure: The mystery of the master builders, (Cambridge,

Massachusetts: MIT Press, 1994).
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‘17'1@1'1 : Mareike Krautheim, City and wind: Climate as an architectural instrument. Berlin, Germany:

Dom publishers, 2014. p. 11.
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5%AU 0 ANULSIAN 0 NI/, ANDFU1Y aNdau (clam)
ANTNUUYIDINZLA: NULIAAENTEIN

anmuuun: AduassluluIfg

52AU 1 AUEIaY 1-5 nu./a. A18SU1e awww (light air)
v le a [I~1
ANTNUUDINELA: Neanssanrduliidunes

annuuun: adulvalumuiianisay luliuasluiniuauegile

STAU 2 A58 6-11 N3/¥. ANBSUTY auseu (light breeze)
1 A g & RN &
annuuvisanzia: Aauluszaonidang uadildunnidunes

aniwuuun: anansaganasaularnuimvis luld wagluinsuausuvdu

STAU 3 ANULSIAL 12-19 NiL/TN. A195UNY AuLReY (gentle breeze)
v 4 =1 4 2 I
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4 a Y @ a | a a
annuuun: Tuld wazAsldidn 9 indeulmiseiiles uagsaun 9 Uan

JEAU 4 AMULSIAN 20-28 NiL/F4. ANB3U1E auUlunata(moderate breeze)
o 44' < X & X
ANTNUUNDINGLA: ﬂawmmaﬂimmﬂm LagLa N UUNBIvIININYY

an1nuuun: Auuaznseawudd Addisunazedeuln

JEAU 5 AMULTIAN 29-38 NuL/%1. ANDSUNE aunselun (fresh breeze)
v = T ] U
ANTNUUTDINELA: AAUYUIAUIUNANE1INNTUE TlaniatTudesunlaung

anmuuun: Meldvuianataedoulng duldivuindnisunazdulnm

SEAU 6 AULTIAY 39-49 NIL/FY. ANBSUNY UL (strong breeze)
¥ d' a |d9( [~ [ d%’
ANNUUNBINZLA: ﬂaumumimgsuu LU U ezl UUNDgNINTY

annuuun: Asldaualngieaeulm Buldsulaeinau

326U 7 AA598u 50-61 Ni/¥a. A183UNE Wiglunae (near cale)
annuuvioIela: UImMeiagady wazwaananszaglUMUARL FILAN

aN1NuuUnN: aulsanuaadaulng dadldmnuneienulunisiiuaiuay
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anuuvieszia: AduAeudEs dvaerduty Aduinesunniiuladaiou
anmuuun: Aelilidn 4 sineenandu sasuduuauuAsufian1g maduiewingn
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12.

13.
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32AU 9 ALLEIAN 75-88 NIL/AX. AIBBUIY WIEWSA (strong gale)
anmuuYiesmza: Adugieennfusuiug Adussihuanilunimuniiv destiined
geluenia imddeue

annuuun: faldvineenaindulyd lassaiedansigniinudn

32AU 10 AINILTIAN 89-102 Nu./BY. AIBEUNE WIEA (storm)
anmuuvieamela: Adugunniluennauitueen nziainasvdulurun N1sIUsIUY
ARULNNTY WaTNATIFELLE

anmuuun: sulivinlay viiesnlau lassasnsernisgnmans

520U 11 A58 103-117 NU/94. A183UNE WIEULse (violent storm)
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v [~ ’o’ [ I~3 'y a o 1
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81A15 Space Block: nsdlAn¥I@IA1SHBRNLUUINNUTUNAY

3U 2-4 Un3391A13 Space Block
ﬁm : Tomo Oohashi, Space block, 2003, C-and-A, Web, 2 June 2017.
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81A15 Space Block t3ulasenisiinnerdesiudiilessrues UszinmIsauiy
onuuulaganUiinvndule medlse Tadus (Kazuhiro Kojima) Wushogsmilefiuansls
Fuds nsBusuannsiansanuiunadlusenuuy TasumdnnisszuigeniaAvesausn
DONUUUIUNSY wazilufivasenas Tnsanidiindesnislvionarsaiunsassuiseinialagis
s3surAlThmnieslueias Fee1eazhiannsasenuuuldlagndnnisnsfienaisie
Uslodldaes an1uiinduduosnuuueinmdsinnmsinusunssgwguilauannsalua
inulévi TnoiFusenuuuainnisAnUTunsenatsianun anduasmougunsseraadu
dhugos yhliAngnguionans Tudndiuing q fenasnaudiiu ffituldlugud 2-5 e

WUNSIIATIEUTINNS IaresaNsIue1A1s

U 2-5 NM5aANBUFUNINBIATIETBNTINTU

ﬁm : Mareike Krautheim, City and wind: Climate as an architectural instrument,

Berlin, Germany: Dom publishers, 2014.

Aeanuuuiunsesnaaveuludadiudie 4 urliesiendsuiuay adelusunsy
ARUIMEIUTELAN CFD (computational fluid dynamic) fensanassnisluaciuanluug
a A A o = a Yy o
agiia Weniansandndiunisannousunseoinsimunvay naaslanivinlaidenldnis

v f v

a ) a ' Y] ) . Y] a
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case 0: initial model wind from front

IEEE It

case 2: final model, wind from back case 3: final model, wind from the sidev

U 2-6 M3dnaesasluemsmelusunsu CFD

ﬁuﬂ : Mareike Krautheim, City and wind: Climate as an architectural instrument,

Berlin, Germany: Dom publishers, 2014.

NNTLUIUNITOBALUUIINUIUNANN1D1ANT Space Block LANFUNTIBIANT Uaz
wunangluniiiendnual wagvihliiAauwuwinelassainsenmsiisendt Tasaiagnsu (porous

structure) N15B3UAURINTUIDIRNTUNTSEBNLUY AN MAAkLIANUARTULTuNTER KU

159319019 T995UINgUTEAATIABINTIINNITOBNLUUIINUITUNTDIAY

POROUS STRUCTURE

A subtraction of building volume blurs
the interface of interior and exterior and
creates space for a natural ventilation.

sU 27 #ufinelunans Space Block

731 : Mareike Krautheim, City and wind: Climate as an architectural instrument,

Berlin, Germany: Dom publishers. 2014
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U 2-8 NasuAalUy Antennae with Red and Blue Dots

ﬁMW : Antennae with Red and Blue Dots, Tate, London, Tate. Web. 2 June 2017.

® Frank Popper, Origins and Development of Kinetic Art, (New York: New York Graphic
Society), p.196 aatdaU (Kinetic art) Ao JUNsIvasuAaUzvilAAansndeulmIRausavinly
voudulameaen asnunuRalzuumedlunulssinmussininssy nudalzuseinndanng wagau

FavzUsznnindaunls laansedoulmiietuinainussay vseuawmas 1usu
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wazasalminuszaunisalilaainsudadsy 7 : Loek van der Klis, Animaris Umerus,
aaauln 2009 (Image: Courtesy of Theo Jansen)
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NsTUIUNITBNLUUIINaN UK ED City and Wind: Climate as an architectural
instrument 93018019k UTElovv03aNTUSTTUYIRMBATAITANN 9] LAZENFIDE1S A5NIT
Uszgnaasluniseanuuueias sluednaufsilagiiu iy mausesiaudliussay udas
Jundesuna tienyudeiuiagi luerarsiildanszuisainudeunenainennns
(Ventilation) #e3sn1seenuuudeninvasenmslaulvaniuld (udu wilsdeduiagy
WAz LEAUDIBNNTEONHUUEIAITIINUTUNGN® HIUMNUATNLEAINITEBNRUUINANINIA A

U 2-10

® Mareike Krautheim, City and wind: Climate as an architectural instrument, (Berlin, Germany: Dom

publishers, 2014), p. 11.




conventional energy generation

central heating

air-conditioning

warm water production

mechanical ventilation solar thermal energy
heat exchange

solar cells

wind turbine
concrete core temp. control
geothermal energy
fermentation plant
cogeneration

renewable energy o
wind heating

temperature cooling
solar radiation ventilation
precipitation water usage
air quality

form

appearence

orientation
materialisation
programme

layout

greenareas

integrating environment
building underground

JUA 2-10 F5n1580NKkUURIANTINUIUNQITRINTA

< ventilation

+ renewable energy

+ heat accumulation capacity
¢ coolingand heating

* water reuse/conservation
+ moisturise

+ daylight and shading

.

+ climate oriented architecture

+ interior comfort

+ building form

+ reduction of mechanical transport
s+ optimisation of structure, form

¢ andinfrastrukture

+ experience of space inrelation to
+ climate experience

+ atmosphere, incidence of light

¢ wind, temperature, solar radiation,
3 precipitation, air quality

+ taste, smell sight, touch, hearing

..........................

‘1'7im : Mareike Krautheim, City and wind: Climate as an architectural instrument,

Berlin, Germany: Dom publishers, 2014, p. 11.
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FBnseenuuuaingiiennia uwusmenbiiuitesduseneuvesgiiennia uszneuly

A8 au gunNil NuHITIEYEIR9e1NINd Hlu wazAuAINYeteINTA Na1usaululy

Usglawiluniseantuula@aswuy Ae

1. nszuaunslddawnasneadda (fossil energy based) Ain 19n15711189AUSENBUTDY

a Ao v & a a d' v a N a
ﬁiiiﬂﬂG]N']Uﬂig‘U'JUﬂ']imllﬂq{[’sULEU@Lwaﬁwaa‘ﬂa LW@I‘WLﬂ@ﬂ'ﬁLUaEJULLUaQGU@QQQJ@']ﬂ']ﬁ

P lUlgUselomile Ao

1.1. M3lEWSNIULUUAAL (conventional energy generation)

1.2. szuuihanuiaulenans (central heating)
1.3. N15U5U9INA (air-conditioning)
1.4. M3vu1gu (warm water production)

1.5. 1155¥UIRINANIEI5NA (mechanical ventilation)
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2. N139NLULANYTRINA (climate design) Ao nszuIuN1sERAKUUTITIgTeINANNTY

Uselowuluasnissng ¢ Ae

2.1. W& ufihngduuldln (renewable energy)

2.2. MAusau (heating)

2.3. Msyiaadu (cooling)

2.4. N13358UNEDINA (ventilation)

2.5. mslah (water usage)

2.5.1.m3Usvendldidanadia (technical application)
2511, wasuAuTeunaseing (solar thermal energy)
2512, msoewmauieu (heat exchange)
2.5.1.3. faviuay (wind turbine)
2.5.1.4. mimmuqmmﬁﬂauﬂ% (concrete core temperature control)
2515  wawaniuRnw (seothermal energy)
2.5.1.6.  nsvilsandn (fermentation plant)
25.1.7. TEUUNAANSIIUII (cogeneration)
2.5.235n1500n1UU (design method)

2521, 3Unss (form)
25.2.2.  3Udnual (appearance)
2523, N199AI1991A1T (orientation)
25.2.4. mvbiiAagUTe (materialization)
2.525.  lUsunsunsluans (program)
2526, N398R (layout)
2527 iuidden (green areas)
2528 msUszanuAwmIndon (integrating environment)

2.529.  owstaau (building underground)
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3. N1TYIUINITIDBBNUUY (integrated design process) Ao N1511TTN1500AUUUIN
USUNVBIANTINIBNITNIATY uaen199eu lngtmanviangdsunysauIn1ssIuiy e
IAnsnseanwuunldUsslovdanusunmany 9 Fadmeiu wiseanmuingussasa

Tunseaniuy

3.1. nM3Ailean1IzgiiaInaa (climate conditions)
3.1.1.58u1881n7A (ventilation)

3.1.2. 0 masunavunlalu (renewable energy)
3.1.3.n15azauANIoU (heat accumulation capacity)
3.1.4.m5vdunazseu (cooling and heating)
3.1.5.miau%’ﬂ@uazﬁwﬁmﬁwﬂﬁm (water reuse/conservation)
3.1.6.471T (moisture)

3.1.7.wa9nansiuLazn15UaUs (daylicht and shading)

3.2. N3TUIUNITBBNLUY (design process)
3.2.1.M159A71991ANIANME N BN HBNTF(climate oriented architecture)
3.2.2.mwa§jamEJmEfLummi (interior comfort)
3.2.3.3U13991A15 (building form)

3.2.4. aansiiedesiiona (reduction of mechanical support)
3.2.5.N19AUUNIZALVDILATIATN IUN LLazﬁ’]ﬁ’]iiléiJIﬂﬂ (optimization of
structure, form and infrastructure)

3.3. Uszaumsnﬁms%’uif (sensory experience)

3.3.1.m3a5eUszaunsalSuiiui o nevauessseagilannia (experience of space

in relation to climate experience) Ao n1sldgiianiaulasialviia

UFI8INA 21N 9N AINUTOU AMTU A9 9 HIUNITTUIAIEUTEAM

Y

& A < o [N Y a < v
NN?{SU@QNHUEJ AD UDINRU dUNE 1@81& iﬂﬂau Wy

1NNSANYITTNIT0RNUUUIINGTRINA EITenudtaruisarinlaaedisae n1s
2NLUUIUNTIIATI AB N1T9BNWUULNBUNDIAUSENaUMAN LN MUTElevd Wi NSitaute

Tuniswaluvesfsiuiioadtandaay Wudu 33n199au AsnisiiesAusenaumatun
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N5l UNI99DALUUDIATT LTU ﬂ?iaaﬂLL‘UULﬁ@ﬂ?UﬂMﬂﬂ?W@?ﬂ”}ﬁiuaﬂﬂﬁi n30n19

NsaLsIaUINeaanwUUlATIas 19Nz ay sy

(%
f Ya o

nseenuuumaniuanluiInednusi §3deldisnsesnuuuainay laefiarsanis
AuautRnisivavesay (flow) fnnusranviliinusinafisgyihlinlassadaadoulm lay
NN9ONUUUILNITANTIEN L1 NRDBNKUUTUNTIVOINURL TRgdosmuauunigaiiellin

W399 ey lruaiuaunulAsIas9eAsLe
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uni 3

I5n1s0RnUUUAIAITILAY

(3

(o)

npUszasduaInsdouundl 3 “IBnseenuuumandiuan” fe n1suanInNsEUIY
nseenuuurmasuiimhidudenandlsifauansaneaiiuay ideiausisnisesnuuusie
mMsnwInTLazTeUaHunsdiRnweAsANRa Bafiey fleenuuulnsaainyndiu
Fotulng dfndng (Shingo Masuda) fadeulmldatuilonuiaun Tavermstieguuiuiniil
esenng? Uszmadu annmsAnwvinliimusveuiuavesnisfinuinazesnuuuman

=] ' 1d 3 A o & a ¥ '
Wiay wuseanidy 3 8sAUsEnaU Ao 1ASIE51S WURD wazdene

U 31 vimlenmangluemsiniiia saviey
wanan1sFuisevinanngluiuniguenideaiasimianmaafeulmanesay

PN Shingo Masuda, Little Hilltop, Architecture-Review, Web, 4 June 2017.

91A15NAIRLAANN5LAFBUIM97N 3 BIAUTENBUVBIDIANSNYINIUNEIUNY NATIAD
TAs9a¥19 Favihanmanildnwurlassasiawuunsau (steel frame) lngdiudana Wauadn

Rod 9288alAseas1auazSulsiusennusans Insaiuisausawiunisiadaulnile 10015
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lassafruadoulmannseeudssuluiianiawseiainlidifaungafs diunuiieinas au
wangauazauluanlueramsududiviaen auwun 15 Jadwns aunsadangulale

TAssas1wnaouln Funatadus1anisn AuunL 30 Ja3LUAT FALUIAINYD9919U84

lassasramanfioglutudnly

@®

@

®

@ t15men baked rubber
@ t30me baked rubber
@ steet frame / brace

@ 1150 baked rubber

U 32 Mgazidealasiaseensania Saviey

N Shingo Masuda, Little Hilltop, Architecture-Review, Web, 4 June 2017.

TA598319 (structure)
lasea$1ee1ans wennvimthnimuagunsawazassiuiionns lulassaiiaves

3 d{' d' [ v A o 2/ @ =~ v 1
mmmuamzmmmmaau"l,mLW@LUumﬂanﬂwummuammaauwmmu

1.3Uuuulaseadng
ylanusaanlaseasiiadsulniesniduasaiuy Ao wuulAsias19vtauds Lay

Taelasaas19vaanauszinnaziisniseanwu Ui iiuaulaee3 s Nsaiy

)
Y
a & 1
yindnne
Tassadwudaganeu Ao suuuuvedasiaifesdusznoududiuvediassasiuduy
S 1 % Y3 1 1 a 1 < % a" d‘ 1%
anunsatangula andlegne wu waadin Lle Wudu Nanuisapdeulnilasin

(% =
Yan
AuaudRveian daudanguiazsonlminnisdsuwdaigunss mnlifiugansinves

q

[ A LY a 1%
’Jﬂﬂﬂ’“ﬂ%ﬁ?ﬂ’ﬁﬂﬂﬂﬂaUEUVﬁﬁL@ZLII@
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nseenuuulassasesiindanguanunsadiunsiedeulniinuiagiasaieliegudy

a d'

WHADIVINISNINTUTDRVITUAIULATIASS szl AnAAnI9veInNIsAdaUl WU

firnensiedeulmniinaindedewuudafnazunndsiutonatanguls

aa v

Taseadreudands fe lassadefiiitanesrdsznouduviouds wu wan 17 Dudu
sgannsawndoulmmenuautiianlatdesunn wiemniianisindsulniiugaasin il
lassafreldanunsadnuisunsasivvesernsia nseankuulAssasertandsliaiunsn

A o o ¢ ¢ v Y Ao 2 v v v o & v a
AR UL ALABIATIDINTITEBNLUUTDMBLASIAS 19T BULATILTL UM UMD B A AANTS
AUl

2. JUwuunsidaulnivadlaseaiig

=1 at v G | | = A A o Ly 1 Ua o
manuanazilasasvsednladiuniweensnioulm Weillauindu £33y
lgfansannisimdeulmvedlassaidiedlulsgiuuueadiiieu (Euclidean Space) lusyuu
3 05 Fadunuudtaswmeediaiansnldesuieiiuniaiaznisedeunty 3 18 Ysznauly
MYAUNTIE AU WAZAIINED VIS TEUULNU XYZ AagUN 3-3 Nuansguwuuiianienis
A v ) Y a v [ | a | = v 1 A <
wasulmveslaseadne iliiialaantedesiing s o dslauusesnnisiaasuluandu 2

Uszan Aenswmasuliluasalifnasanuds
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2 dimensional 3 dimensional

Angle o~ >< >l<y

i I
H i i

0° (direction)

s L e @

0° - 90°
0°-180° 1 A\ i ML
0° - 270°

360°

U 3-3 nsideulminvedasaiidlusuu 2 IR uay 3 36



26

1.1. n1seaeululludaiin

a A

maedoulynluaesiii Ao mardeulmluszuiuifes Tassairadedluunluszu
XY XZ w3eYZ Wiigsetaifie Tngnisiadeulmiuuvaedifasifianisivaeu goenuuy
ansnsoisusfieneniaiedoulnld wisesnidusuuuusing 4 seluil
nsiadeuln 0 aedn (AsuTLUUTIATNY)

" AAng dngiiletafounaglivyuideseonain

6

Y ' cs' 44' a =
Audnaavesing wiagiadounluluwuissurunufianiegm

'
¥ U A

TALIU AG1BAUNISIARBUNVBITOUUA

v 1

I o = Yy
Jasalaseasine : nspdeunlusuiszuiu 1dvese
| UszLan roller joint Lieann1siduaniu vinlwadouiazain
5U3-4 mstedeulmuuuiieme gy
wuu 2 15 Tulws 1 unu
P2
n1sLAaaulna 0-90 9
= U d‘ 1 ¥ a
N9 : Tnguadeulmiriuganyu vyulanla lddu
90 a3en Tunflswuiuny TanwasaieuuiuUsey
Jasialaseaing : nswedeulmiludnuaznyun 0-90

[

a £ vyad o a & L. .
931 invuliidlefignuyundidnwasilu pin joint waz hinge

} joint
3U3-5 nMsiadioulnd 0-90 Baen

WUU 2 106 Tuwws 1 wny

n1sgaulng 0-180 a9en
e : Inquedoulwisinugavyy ansanyulvunla
TaliAin 180 aarn Tunisiuiuny

Y v Y 1o D Yy
Yonalaseaing : Yasievimithiluganyu laglddase

U319 pin joint Way hinge joint LileUsAvBIAmINITLARDULYY

5U3-6 nstadeulw 0-18093en

WUU 2 06 Tuwwd 1 wny
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nsadaulnl 0-270 a9
@ AAnne : nguadeulniriugavyy vyulanla lddu
0-270 83en Tunflawuuny
v 1 ¥ v Y 1
Janalaseaing : eanuuuganyu lnglddonausean

pin joint Waz hinge joint toUsAvaImAdaUlN

¢

5U3-7 mM3iadeulmo-270 o

WUU 2 96 Tuwws 1 wny

nsiaaaulnn 360 aefn

M AiAnna : Snquedoulmriuganyuld 360 e Anvoz
adenuluinvesiaiuay
¥ 1 4 Yy !
Janalaseaing : eanuuuganyu laglddonausean

pin joint

¢

5U 3-8 msiAdeuln 0-360 v

WUU 3 06 Tuwwd 1 wny

nsdeulva 0 asrn (ldauRluszuIu XY)
Afnae : Sngiadoulnn ludimniandasy Tuwuiauiu
. fluszuu XY

v ' v A A v
JaMalATIAS19 : NISLAFBUNLULUISTUIU LABY

panLuudenausslan roller joint Wipann 1sidean 1y vinlu

ANUN50LAARUN LA AZAINTY

U 3-9 nsiadaulin 0 a3

LUU 2 08 Tuwd 2 wnu
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nswndeulvialuaudia

nswedeulmluadfifetuluuuiunu X Y way Z wdeudu wisldiluaossiia fo
msedoulialu 2 unu X AU Y agimuaiirnisnsiedeulmuesingld waznisiadouln
Sasymunun 3 unu X Y Z ldannsafvusfiansfivdueuls usrzinuaveuwnnis
wdoulwale
waaulva 2 wuauny

msm%ulmiugﬂuwamﬁﬁLLmLmu X ffu ¥ Ju fifamaedeulmiiuuueu
aansaimusiiensnsiedeulmuesingld
nswadaulng 0-90 aeAn

fifnna : Snquedoulynriuganyy aunsadedluanld
TaliAu 90 aeen Tursasanununy

<

v 1 v 4 1 o v d' Y Y 1
Yanalasedasne : Tasavinutniduannuu lneldvens

9 9
[ [l

Y5209 hinge joint N30 pin joint Tusivdosunuiiaunse

WARUlILA WarAIYUABIANYBINTITAAU I UNNTEBAKUU

5U3-10 maiedenlyn 0-90 asen  Uose
WUU 3 58 Tu 2 wwunu
o
n1siAaaulng 0-180 a9
N4 : Inguadeulmriiuganyu aunsadedllun o
TaliAin 180 oarn Tunsapauuainy
14 1

¥ Y v o v o
Jasalaseaine : Tedalassaiievivtinnduganyu

Tngltdanauszian hinge joint #38 pin jointluvisd@ssnu?

aansaraoulmild wagmnunssamesnIsiedoulnidIunIg
JU3-11 Madeulm0-180 83 oo uutass

WUU 3 05 Ty 2 ukny



A1sAaaulng 0-270 84An

N P

5U3-12 msiAdeulm0-27084e

WUU 3 07 Tu 2 huanu

nsiaaaulyn 360 aefn

U

5U 3-13 msiadoulm 360 s

WUU 3 06 Ty 2 wudny

A15LARBUIND 3 LULNY

29

N9 : dnguedsulmilagiiuganyu aunsadedly
11 TaldiAu 270 semlunsaeaiuain

Y v Y 1% ° Y a

Janalaseaing : Taselassadieiminiduganyu
Tngltdanausznn hinge joint 50 pin jointlunsaosunu
ansamdeulmls warimunesmassnIsiafeulnkIunIs

ONLUUTDAD

AiAnna : Inguadeulmiriugaryu luiansgesuiwny
10 360 99r1 anwazameiuluinvesiwiuay

Y I Y o v o Yy

Yasalaseadng : Yasievimvihiluganyu aeldvase

Usziam pin joint Wetelvanunsanyulaasainlunsaewny

mapdeulmilugUhuvaudinly 3 wwawnu X Y uag Z {0 Wannsadmuadienig

madeulmudueuls wiaunsanazimueiirninisiedeulmvasingle

A15:Aa8U10 0 B9A1 (NN5LAADUNLUUTANI)

5U 3-14 msipdeulm 0 asm

AAN19 : T liviyuBe0en LU kidsAREUT
agsdasglufiAnana 3 wnu

Y ¥ v v ° v a =~

danalaseaing : deredasaunsavilviianisindeu

Tulalunsanuuuiunuy endleg1adu n1sdnfndng A

lassaiaiuuds Mvsliinnisingeulmdasglalunnitenisld

(#AN19) WUU 3 07 1 3 BuIaswnu
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n1sadaulng 0-90 asAn
N9 : dnguadeulnidesiiuganyuluiianims 3
wnu agesmiviyudealidiu 90 a3

] v Y Y ° Yy A &
Jaralasedasng : Tasiolassadraimimduganyy

1 . Inelddesauszan hinge joint, ball joint #3e pin joint lag

MUUATOULNBDIAIYDINSIARDULIMINIUATDNLUUT BAE

5U 3-15 MsiAdoulmM0-90 s

WUU 3 86 T 3 huanu

n1snaaulng 0-180 aarn
#Ana : Tnquadoulmideaiiuganyu Tunanams 3
wnu nendoulmladasslussmvyudedliiiu 180 o
Y v Y Y o v o
Uoralaseasne : Jasalassasiavimiinidugavyy

TneltvosoUszinn hinge joint Tuvisauuny wse ball joint

o Ardeulmlag199d5 wWarAIUUABIAIYBINITIAADU LY
3U3-16 Msiadeuln 0-180 03N ine ospanLULLEse

WUU 3 06 Ty 3 wudnny

nswaAaulg 0-270 846

AN : ’J’mqm?{aﬂm@mmuﬁ;wgu Tufiemasts 3
wnu laganansaindeulmdaszlussmiinyudsdiiiu 270
996N

¥ 1 4 v 1 }% o Yy A &
R RIGEEGERE : suamaimqaﬁwmmmﬂqugu

Iaglgvosouszinn hinge joint Tuvitauuny w3e ball joint 7

U anunsardaulmledasey wazfvunearIvaIni1siaaaulun

5U3-17 Mapasulmo-2700em o
Y NIUNIIDDNELUUVDAND

WUU 3 05 Ty 3 wukny
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n1siadeaulna 360 aern
T N9 : dnguedasulnidesiuganyu Tufianis 3
wnu laganunsawndeulmlsdaselayniianig
Y v DS 1% o v o
Jaralasedasng : Tasiolassadraimimduganyy

Tneltvanauseian ball joint Aanunsawrdeulmladasy

5U3-18 mMsiAdeulm 0-360

DA UV 3 U5 11 3 huIkNU

3. NANNISATUINULASIAS 19NV

n1509nwuUlATIEs 19l ARaUlInNULSIaY d@unilaldisnIsAuIL e eBNLUY
lngunimnseeniuulasiaiilagiansanauitfeussiunsgyiivaiasiielide sy 3

panwuulaTiasrafielviuAsdIunIUaY LANITRNLUUATIATTIYAY Tan1Teanwuuli

'
o |

Tassasraiuee wedoulnile Jadunteluisseganainudnnisveiaing

N

=4

AULEDNITNNTANUIUNLNEIVBY ANNLDNANTUINTAITAIUIUUSIALLALHDUAUD

e

[ [

91A77 Ynvilae nsulesiSnisuaziaiies Tuln.e. 2550 NlaeSuleu1ATgIUNITAIUIN

panukuUlATIAS19vIDIATIiaN TR aUauaInalTIanlulszwelne telhdunaeilunig
ONWUY

1.2. 1159aU9NLUY

ANSATUIUNUILLTIAUNNTEIIUS L IUNURIN18UBNDIANS bUTANI
au annsarwlnldangnssieluil

p= IWquCng

p = nELaNadaLeULMI (equivalent static wind pressure) NszyisiaaInAu

[
a ! Y A

NURINBUDNDIANT IABLTENIT “UUITLTIOU” DILNAIINNURD K159 “NUIYLT

% a

A7 OIfANDRNAINTUNT

EA0)

[

I, = AUsznauAud1AyveusIau (reference velocity factor) giivite 1.2.2

o



q = wiheussausdaiiosainauisiau (reference velocity pressure) Muf
Aualuige 1.2.3
C, Tdima‘uLuaamﬂamwmﬂiul,m (exposure factor)

C,= musznauiiesanuansslanvesay (gust effect factor)

s
a a

= syAvSUemBusIaNTinsgiAeuenenns (external pressure

S

coefficient

1.3. A1U3ENAUANNEIAY VDL IAY

UsBnu0991A13 Uszin
ANEALY
p1Ashardulassaiduniidfeidusdunseieinuyudrouinatoy Weiin o

NSNIVAIBVDIDIANT NIDAIULATIAT U 9 LUU

- 2IANSNNYITRINUNNTIN YRS

- 271A5FIASN

o

- owsiuveadn g Fslaifinnuddny

£

ANITUTUDYIHIN LU

p1nsuazdulassauilidneglueasussiananudAgytios un wazas Un#
17N
amskazdulassasBuiniinnisianane asdudunsededinuyuduay )

- osiduiigngiluituiivis  sannd 300 au

- TseSeudszon videdsennuiiifauguinndn 250 au

- umInende vde Inendiidiaugunnni 500 Ay

- anudnwmeuiaiiinrmgauldinnni 50 au udliaansains
Shwinsdlaniule

- Seudnuaranuinudnine

9113 wardulassaieniinnudnlusennuduegvesassauduegiann | gunn
wioanAsfisluiensussmdendainmaluegiaun wu
- Tsmeuafiannsavinisshwinsaandula

- anndis anddunds wazlsaiusaanidusng g

- Tsalwelh

32
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2]
o a

- Tswdmindsed St wesanfguiieiiifianudugedmiung
AULNAY

- eAsAuddeans

- AIANSAUIUTIINATT TN

- vhemegnu auddadun1stu warlsufuaiesdu Aigeddiilodnnsd
aNLaAY

- 21ASANSTYINITUANR

2133 edulasIas 1 ludINYRININER N15IANTS N5IALAY SeNSLE

A5 LU LWoLNaY viseansell dunaliianisseiinTula

UssananudAguesanis ANUTENOUAIUEIARYTDIL IR
@N1LINARIUAIRT anngannanuldau
og 0.8 0.75
Uni 1 0.75
41N 1.15 0.75
gaun 1.15 0.75

AITNN 3-1 NIFIUUNUIZANDIANT AUTZNOUAINAIARYVDILTIAL

11 : Nules1ENITHALAAIRY. 1INTFIUNTAUINLIIAULALNTADUAUDIUDIDIANT.

a o a @ a & o @
ATUNNUAIUAT: UIWN LD WLDN. NITWUNW 310A, 2550.

1.4. MingusaNsdnedaiiasananuslau (q)

Wgussandduilonninauiiay aunsafwialiinansaelull

1p.,
Q—E(E)V

q = nhgussauseduiissainausiay mhefrnaladuilanduisy) sens.a.
P = AUNUILUUYBINIaINA (FallmasilaeUssunamindu 1.25 Alansu (10a)
AognUuIARLNg) dmTuAUANUTIEIMNMAUNG warguuniveteNIAUsEIIN 15 99A7

WALYYE D9 45 DIALYALTUd

g
%

[y oA ¥ 1 1 -2 4:42
gasusslosanussliuaisveslan dawvindu 9.806 1./Aund

ANUL51au91989 Turthedunssoiundl deanusio1edlaannnisiaausi

anruuetlufies w3e Mnadanusaulaensuandeine)
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1.5. ﬂ'ﬂﬂiznauLﬁaamnamwgﬁﬂmm (Ce)
Ausznouiosananmgiiseme iumusznouiithanuiusmieussan
% wusAsumuarugeainiiufu wazanmnivsana lnsanunsomanldannisduan
vio liFanmsssUsznounauiiesananwniivszmea (C,) lunmsviaasseenuuuman

Wivay 221505 1A191n015198 1WA N1 eE199e
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 Pressure (Pa)
20.480
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~ Pressure (Pa)
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wind direction
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 Pressure (Pa)
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 Pressure (Pa)
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-6.420
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~ Pressure (Pa)
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-28.803
-48.499

wind direction
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sULUU D : dedimaguiui

 Pressure (Pa)
21.552

8.323
-4.906
-18.135

-31.364

~ Pressure (Pa)
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11.758
-3.120
-17.998
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~ Pressure (Pa)
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wind direction
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 Pressure (Pa)
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wind direction
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6. JULUU F : Aemdeururin

 Pressure (Pa)
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sUuuy usenafitindugegn Suaniedeulun
(Pa) (1)
0° 45° 90° 0° a5° 90°
1. 5UMUY A: Avdsuiiugi
20.480 | 35.387 | 18.378 2 8 4
2. sUuvu B: Amdendnga
21.863 | 21.853 | 21.863 4 5 4
22.431 | 28.562 | 30.285 5 5 6
21.552 | 26.636 | 13.771 6 7 3
21.404 | 16.635 | 22.140 6 5 6
23.657 | 19.543 | 22.134 6 4 6
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