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ABSTRACT

This study examines the impact of urban morphological factors on outdoor wind speed and
the accumulation of air pollution at pedestrian level in high-density urban areas. The aim is to identify
strategies for building design and urban planning that enhance ventilation and reduce the accumulation
of pollutants. An experimental framework was employed to investigate the effects of various building
layout configurations within the case study area, covering the Rama 1 Road Valley and Siam Square
in the Pathum Wan District of Bangkok. The study is situated within the context of maximum urban
growth. Qutdoor wind velocity was simulated using the External CFD function of DesignBuilder version
6.1.0.6 and compared against a target wind speed required to mitigate the accumulation of fine
particulate matter (PM2.5), defined as at least 2 m/s. Input data were based on ten-year average
hourly wind speed records (2010-2019) and prevailing wind directions obtained from the Bangkok
meteorological monitoring station. The reference wind speed was set at 1 m/s at a height of 10 meters
above ground level (U, with two primary wind directions—south and west—applied in the analysis.
The study focused on three main variables: 1) the influence of Building shape, using three layouts—
rectangular, oval, and triangular—at a BCR of 35-36%,; 2) the influence of three BCR levels (35-36%,
50%, and 70%) with a rectangular building layout; and 3) the influence of Open space positioning,
with five configurations using a rectangular layout and a BCR of 50%.

The findings reveal that 1) Building shape exerts a marginal influence on airflow in the Rama 1

Road Valley case study area. Among the tested configurations, the rectangular layout produced the
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highest proportion of areas achieving the target wind speed, followed by the oval and triangular
layouts, respectively. 2) Building Coverage Ratio (BCR) exerts a clear influence, with the lowest BCR
level (35-36%) resulting in the greatest proportion of target wind speed areas, whereas higher BCR
levels (50-70%) were ineffective in reducing PM2.5 accumulation under the study’s initial wind
conditions. 3) Open space positioning also exerts a marginal influence. Configurations in which open
space was placed on one side of the building block facilitated better airflow than those with peripheral
open space. However, alternating the location of open spaces did not contribute to reduced particulate
accumulation. In addition, The average aspect ratio of the street canyon (H/W), defined as the ratio
of building height to street width in the Siam Square case study area, demonstrates a positive
relationship with outdoor wind speed. When buildings are significantly taller than the adjacent street
width, resulting in a higher H/W ratio, airflow within the street canyon is enhanced, thereby effectively
reducing the accumulation of PM2.5. In contrast, the average building length-to-width ratio (L/W)
exhibits a negative relationship with airflow. As building length increases relative to width, leading to
a higher L/W ratio, airflow tends to diminish, which may contribute to increased PM2.5 accumulation.
These results underscore the importance of urban morphology in influencing airflow and PM2.5
accumulation at pedestrian level, particularly in cities like Bangkok, where low baseline wind speeds
prevail year-round. Effective building design and urban space planning are crucial for improving urban

environmental conditions.

Ardnfy: Auazesswwialiiiu 2.5 luaseu anudiay dugiuineveniies mstasmamanivedlva
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fvmuasuIusauNsAIa (terations) 137 1000 seu TaednsBnideves Zapka, Tran, Peppard, Maskrey,

& Meder (2015) §458U31 NM3gLU1gA1AST (Convergence) U84N13T18BINAIIINNITIUGT 1000 FouLly

A ¥

seAund Teglinudymiiduguassarenseuiumsdians deyaiuandiiiuindiuiuseunsfuafing?

9 Y

Wi eNaLlNaawsNIEngsNNWarULT00e (LAAILUNINT 7 hagAnS19n 1)

M13199 1 Tonnaduardeyavdilunisinasamacig External CFD vasluswnsy DesignBuilder 6.1.0.6

U4 v v v
nIUD VIANAILASUVDUAYILUT

Grid type wag Default grid spacings Non-Uniform, Grid spacing 10m. (Grid line merge tolerance = 1m.)

Reference wind speed and Directions | 1.00m/s, wind direction = 180°, 270°, Exposure = Urban area

Site Domain Factors Length*Width*Height = 3.00*3.00%*3.00

Calculation Option Turbulence model = K-epsilon, Discretization scheme = Power law,

lterations = 1000 (or the result convergence is observed)

Number X,Y,Z Cells X =165Y =253 7 =15
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29 7 Youlnnisanass External CFD Tulusunsy DesignBuilder vosiiuidnen

Meillusunsy DesignBuilder llanansaduiaanududuves PM2.5 lalnenss 3es1dudodld
HAN1331a09ANSIBUTISTAUNIIINANES 1.5 wasmdefiufu undesiziidSeuiieuduaiamsay
~ & v v = A a P = o 1o '
W98 a11150499919baANANUINTUYBY PM2.5 anUnsAnwnelIved denuualiliiinia 2 wes
ot nef3deldlusunsu SketchUp ieszyuagAiaiiunfilasuanusaudimvineg uasdiunfimn

WudndrudesaziilaisufuruIaiunfnwiiavus 161,333.37 A151905 (A7 8)

STAUNSUANINA

V +15m.

o

[l N
EXAMPLE : g AREA 21186.41 m2 (13.13%) §<— NATIMNUT

= a ° o & day vo < = = 9 & A
AN 8 ﬂ'ﬁﬂi%LlI‘LlNasﬂ']ﬂﬂ'ﬁﬂ']u’)miaUa%“UaQWUVWl‘lﬂTUﬂ'J']lILﬁ'JallL{]']'Vﬁ.l']EJLUiEJ'UWlEJUﬂU‘Uu’]W?JENWUVIﬂﬂ'@']
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dviEnavesdugINeIvRlladsaNITALaNTeY PM2.5 NsEAun1ant: nsllfinwiae uaunds nunnaviuas
Syguun SsUsvhrtng uaz WNafs Useasans

NANISANY

wansAnw Ui amnailaudeduesiuiiinu (Ured fiseduanugs 10 wasaniufuedies
1 wnsAedund §arininanudiandvinefiaunsaidessuazananududures PM2.5 (U>2.00 m/s)
danalinan1ssiassnniiauiissiumadii (1.50 wasaniiuav) daulngfdsnindimanedngn
aeslsimy MnnssaemuItivensafiensaasseus et ldluniuiidntes wirmuday

Aasuagen Taeiin?ulu 2 910 9 JULUUNMIVeRed Wielransalinseinaludfinenmyenisssuigena

ya o

luiiunldegenseunquuindu f3dedaiuausnanisnaasadu 3 sedumugiszauanuisauiaula
loiun
1. WAAINAAINSIANIINNITTIARTINUA (U>0.01m/s) LilaUNaUenINTINVDINTEUAINLAS

ANULSIAUNEUDNDIANTNTEAUNIIINTITINUN AN

a1

< i ] & v a & AdA < N
2. LL?WNLQW']%Naﬂ'ﬂ']iJLi')aiJV]QQﬂ'J’]alm\jmu (U>100m/5) Iﬂﬁ]Wﬁ]'ﬁm’nq NWUNNUATIAITULIIAUN

131N 1 WweseeIuni wanadadnen1nlun1sauasunIsIzUIINMANSEAUNIN WU

a |

3. gananIzNanusaud Lty (U>2.00m/s) Ingiiansand iunadaiainusianlisinia

%
o

2 WRSADIUNT wansDsdnanmlunsandzanvas PM2.5 Tuiui neflseauidestazarulaainnisususnae
A5 liaenra Rt UToWiaaswasiuNkaz s unvaItoyananaadls (n 1w 9)

U

2.00 ArauiEraudvang (U>2.00 m/s) 3.00

1.00 Pi’\m'luﬁ’aauﬁgam'ﬂauﬁqﬁu (U>1.00 m/s)

Velocity 0.00 027 055 082 109 136 1564 191 5 218 245 273 3.00 (mis)

LaULERIAIAMISIANANE (Wind Velocity Bar)

AT 9 MsuUsNanIsRaaRdy 3 sEduALTNTESuANLSIauTaula

1) HamsAnyIBnSnaveIgunsiennns

HAN13INRBINUIIFUNTIRIASEMALY (R) HSeavvesitufl U>1.00m/s innignatnaudials

8 13.13% uariuns1e1A1539% (01) fewavvesitufl U>1.00m/s iniignatnaufiangiunn Ae 3.32%

o))y

a °

AHONITUINANITINABIAINTANNANANUNG 2 FAN19NUI JUNTIDIANTAMALURALISTTo8aLYRY

SN

fufl U>1.00m/s uandnafudntiesudlA1ginine1nssunsianumasy uaznansfinufovasuosiiui
Plasumnustaudmuenuindesazvesiui U>2.00m/s veannnsduusiuin lneargegainiuiy

JUNT981A5393 (O1) fifeuazvasiiui 0.14% WeliAn19ausnaInnials (n15191 2)
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@

M13797 2 NAN1IINABIBNENAVDIFUNTIDIATNTEAUNIATI NsdlausnInfialduazfiang Juan

suuuy R1 o1 T1

andield (180°)

U>0.01m/s

U>1.00m/s

Area

U>2.00m/s

Area 148.13 m? (0.09%) 233.45 m? (0.14%) 0.00 m? (0.00%)

aunAnzIunn (270°)

U>0.01m/s

U>1.00m/s

Area 327842 "_ 530923 0’ (332%) ' 39.89 m? (0.02%)
U>2.00m/s

Area 0.00 m’ (oo%) 0.00 mz%)‘ m_“ (0.00%)

2) Wan1sAnwIdNSWaves BCR
NAN1TINABINUININITEALAT BCR 910 35% U 50% wag 70% a@uavinlininusiaunisuan

21A158ARY UagTeuazueiiufl U>1.00m/s anatededaiau lagseeazvesiiudl U>1.00m/s §98aa1n

[

Aennaauvisaasfaniwindulunsdl BCR=35% @ 13.13% way 2.03% nsiauunainielaLasians Junn

1%
g

AINEIRY HansANEITInUISesazvesiufilasuauSiaunung U>2.00m/s veannnsdidusiun

lngengaande 0.09% 1nnsal BCR=35% AifAn1eauanandials (n1519i 3)
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A15197 3 HANT5INADIBNTNAVBY BCR NIMaNLNIN i@ laLazHiansTumn

suuuy R1 R2 R3

andield (180°)

U>0.01m/s

U>1.00m/s

Area

U>2.00m/s

Area 148.13 m?” (0.09%) 0.00 m* (0.00%) 0.00 m” (0.00%)

auniAnzIumn (270°)

U>0.01m/s
U>1.00m/s
Area 3078.02 __ 273.48 m (0.17%) T oo (0.00%)
U>2.00m/s
Area 0.00 mz%) 0.00 mz%) 000 (o.%)

3) NANNSANYIDNOINAVDIHILNUIVDINUNINITEAUN LAY
° aa a Yt A @ A A a o & A e
NAN15I1ADINTEINFANIANLIINNNNAALAR 9L AN YL NITARBUNAWNDURNNAUNUANTUANY

WU UM T 9ARauUanaduUTaUA1Y (R7) wag Wufidedaauuian (RS) linasesavvesiiud

U>1.00m/s ggnil 6.88% uaz 6.86% muaau luragnguuuiiunineseumu (R2) lvinaTesazuosiui

v '
&

U>1.00m/s A#igail 5.10% dunsaianieauunnnisiang Junndldnwaensinaounvuiuiunug

D.

Anwrnuinwanisaneidululuiemanerfunasegazvoiun U>1.00m/s A1n31N5MauunaInniIaieale

nan1sAnwdmuinfesavvesiiunfilasuanusaudimung U>2.00m/s veannsaidu 0% (15197 4)
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v
1Y a = o

A15199 4 HANNSI1ABIDNTNAVDIAWAUIVBINUNINITEAUNURY NSdlauunnmesialawazidans Juan

Uk R2 R4 R5 R6 R7

audield (180°)

U>0.01m/s e
2y
I
'3 |
! — 7D
U>1.00m/s E @
Area 8220.82 m? (5.10%) | 10647.20 m? (6.60%) | 11075.39 m? (6.86%) | 9556.46 m? (5.92%) | 11104.33 m? (6.88%)
U>2.00m/s
Area 0.00 m? (0.00%) 0.00 m? (0.00%) 0.00 m? (0.00%) 0.00 m? (0.00%) 0.00 m? (0.00%)

auidnzIunn (270°)
.

U>0.01m/s

U>1.00m/s

Area 0.1%) 321.55 m?(0.20%) | 115836 m?(0.72%) | 240.55 m?(0.15%) | 803.46 m? (0.50%)
U>2.00m/s

Area 0.00 m? (0.00%) 0.00 m? (or.%) 0.00 mz%) 0.00 m? (0.00%) 0.00 m? (0.00%)

a =
MIBAUTIENaLazaIUNaNIIANEN
91NN13ANYI8NSNaTDITIT N9 UFIUIN1VBULBITITFBNTILUIBINIANIEUBNDIAITHALNS
ALANVDIN TLAUNIVIHIUNITVIAGDIDBNKU LA IINIDIANTIUNUN AN BT TR IMUNGINIUULINIG
= d' a @ 214‘1’ d' =1 % 1
voadlosaulanulagldnunnsdifnuilulununu iy nsamnumunas wuin
1) JUNS@IATENAENTOERENITITUIEINIANNEUDNNANTHAZN T ANTEY PM2.5 NssAumain
1 2 ' a a a1 Y L Ada vo I a =
ag13lsNiany nudngunsseAsAmiasulianfesazvesiunilasuanuiiaudinanegiian 509a9u1A8
JUNTIBIAITIT UaEFUNTIIAITENUVRELAINAIFU
2) #1 BCR @9NananIsseungaInIAnIguanaInskasnsasauaad PM2.5 Aseauniamineg9gnay
oy BCR Tugis 35-50% fanuduiudieauiviosasvesiunilasuanuiiangmsaessedu wu nsiiiy

A1 BCR 910 35% 181 50% danaliiasazesiiudi Us>1.00m/s anadly 8.03% lufield uazanasly 1.86%

'
1 v @

Tuauiianziunn ag19lsAn 1y A1 BCR Tuag 50-70% lukaninnudunus A daauiusasazvaai un
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U>1.00m/s wagiuifilisuannusaudmung U>2.00m/s Jauandliiiuin BCR figsludmalidneninlu
A355UNYDINFLALNTANNISALANYDY PM2.5 anad hazdlkuiluuiuanududuraslaiwluiuisana?
3) FLNUIVDINUNINITEAUNUAUAINALENLBUADNTTZUIDINIANIEUDNDIANTHAL NISALAUVD

PM2.5 A15e@unI1awin 2819558011 1152198 un I ieas Ul a1 undainol ani19nn 197 us oo

v '
o a

Tauruauwibinisssuigeinianeueneasiivsz@niaingenitnisiuiuidnuadniagseu
oPsIEMT UM LTI N sEd Uy

4) é’mwa’auﬁuamumauum?{a (Average Height-to-Width Ratio: H/W) fAnudunusidsuiniu
Sovazvosiuiifilésuamuiiaugaiadessedu iwunsdiiiien BOR wihifufl 350% wuiiuiifisian HAY e
2.02 f%sazvasiiudl U>1.00m/s 11nninis 7.59% wawfisuiunsalfisian HW wae 1.57 luauield
(Nt 10) vausAlunsd@iien HAW windud 1.68 namsieseiluiauidlduavanfidny funn nuindesas
yeaiui U>1.00m/s Seumnssiulaiiu 1% Fedidnnuieiosvessansynuandt HAW sensnszanesia

YDIAUEIAUNTEFUNIIN

R1 BCR 35% H/W (AVG) = 2.02 R3 BCR 35% H/W (AVG) = 1.57

1.47
2.55

0.96 % 1.44 i %%% i1.97 i 1.47 )( 0.90
L

0

1.78

WS >1.00 m/s WS >1.00 m/s
SOUTH : 21186.41 m2 (13.13%) F V- 7.59% ‘ SOUTH : 8940.79 m? (5.54%)
WEST : 3278.42 m2 (2.03%) P V- 2.03% ‘ WEST : 0.00 m? (0.00%)

AW 10 WSgUBUTEIINaNSUNTA1 H/W 1wags19nu 5e1ine R1 wag R3

5) §MI1AIUVBIAIINLIIROAIINNT19VBI01ATIAA 8 (Average Length-to-Width Ratio: L/W)
fauduitusifsauiuosazvasiiuifldfuauiaugeiaaessedy lneidlor LAV ivanas Auiis
FenmlunisaassumsssuigamAwazanmsavaLTes PM2.5 asiinty uasnudedannannisilioudieu
sEiensEiven LW waswinduil 2.18 sewing T1 was R3 wui1 TL @aflen BCR s H¥esavvecitud
U>1.00m/s 11031 R3 e 4.05% Tuaudield dodanailuandiidiuii an BCR udadefidmwasenssyune

21INANNYUBNBIAISUINAINAY L/W Lade
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T1 BCR36% L/W (avg) : 2.18 R3 BCR70% L/W (avg) : 2.18

A A
111 m_;"128 m
) -V
WS >1.00 m/s WS >1.00 m/s
SOUTH : 15476.81 m? (9.59%) _ V- 4.05% » SOUTH : 8940.79 m2 (5.54%)
WEST : 39.89 m? (0.02%) h V- 0.02% ‘ WEST : 0.00 m2 (0.00%)

A 11 WSgUWIEUSEUINaNSANEAT L/W easwinnu se%ing T1 way R3

6) NNFPONLUUIUNT®IATHATNITIA MU UN I liNaTogavvesiuil U>1.00m/s uag

=

U>2.00m/s gafigalunsal@nwaiiufiviuiuiauuusiuasuawais A nsal Rl 89ldieenasdma oy

' ¥
a L A a v

i BCR=35% Fadusnadrugsianiiazidunsdl FAR 10:1 uagdiunisiinei ssduitufusouduni
Formunnugeeras (amil 12) Sslunsddananfidnvurnisnedaiuifduualiiuineg SvF gean
aulusslasasiiufiuazauineiaisfiuauuargs dsanunsnantonialuniaiin Wake Interference ¢
(n i 13) usluvaiziienfufifionnsfinsiadnauwasiiiy Wind Channel Effect leidnevilinaniseanuuu
Naslunsdiginaniinsuszanuiusswinmssdiifamudiadluiuildlueasfetufasnsansyaay

1%

neluiuiildd Fadunsdiimvnzauiuiunfidenudaufwusiidungamamiung (A md 14)

R1

Shape : RECTANGLE H/W (AVG) : 2.02 A

BCR : 35% {Minimurm) LW (AVG) - 1,39

QSR : 6.5% Open Space Positioning ; 2H | 240m.

= = o & A
AINN 12 ﬂimﬂ’liaaﬂLL‘U‘UEUVINB’]M?LL@%mi’mx‘m\‘iwu%’ﬂ\‘i R1
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H/W = 1.4

(b} Wake interference flow

AN 13 anwady Wake Interference MAndulunsal R1

fian: UFuUzaiianinain Oke et al. (2017)

= less or no daniage
- serious damage

AW 14 §nway Wind Channel Effect fiinaulunsdl R1

7l USuusaifisnfinann Liang et al. (2020)

n1sfnwInuIndneasdugiuineivendes lawn faniaesnuun duiusiuiianisauyssan

582N I9YRINUY AABAIUTDNVUAAIUAIILEIBIAITUALTEELIU 6 IUAINARDBNIIHIUYDINULUINUY

a |

(H/W) wazddnSnasaUsea@nsS n1nueani1sseulgaInIfasNSasauayad PM2.5 ASEAUNIGNNYD9LE B9

Tngangluiuindanununsiuguaziinnusausdium Welinsandedeiifnasennuiiauneuen
91A1slusEAuYeInuY wuIghTduiuiionasUnAauRuseuiay (BCR) 1utlidenidmaseninusan

WazN1TATANYeY PM2.5 AszaumavindaiauigailoiuTeuifiguiuguseenmsiagaiumisveaiiuiing

v & a ] ' o al Y 9 e & A
FEAUNUAU LLEJﬂ']iVl@aaQQB‘LZJWUﬁQQUWﬁqﬂiqﬁﬂamﬂqﬁﬁgﬁumaﬂ PM2.5 1@@UWQ°U@LQUIUﬂ3mﬂﬂU']WUV|

4
& dda 3

yuauuUsnnEesauads uidademarlanunsaiiuiunniannusiaugandtrauasii (U>1.00 m/s) 1o

q

' 1%
=

FlunsANANULSBUAIEUNINATT 1 1WATADIWNT NuNAlaTuAusIautd1vune (U>2.00 m/s) Ao
WLYULaYAIHAARBN1INTEAEAITDIN UAL DRIl UUTIEINIA TOMMUANIRALBITINTINITOBNRUUINNT

91AsAdiaudAysenun eI ALaz AN MAInvR AUl BTN aNkUUIRIA TR

JaLauBLUY

\H19991N99911N AV NALISN bEIUITAAILIUANULTUTUYDS PM2.5 talnensalunisatanana
uidayamnuaudssuvesiunidnersuiiswiuazliidedensannisasauves PM2.5 nsfineasall
= 1 =

Jujadumsdengiuunlibinesiuneliveulnvainsfinudninavesdugningrvedies 3 Jadeiniua

AoUSIaNNEUBNaIAsTSEAUNIIINTRIIUnANY) Feiideldliundededunsendeuinerunfnwm
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