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Abstract

High-rise buildings have been commonly built in Bangkok, Thailand over the last decade. Currently
there is the Thai building energy code, which is related to building envelop designs that govern both
building facade reflectance and total heat transfer through the exterior envelop or OTTV. Since the
code has been developed and recently announced with more intensive regulations, building facade
designs with glass envelop have become an important issue. This research attempts to develop a
guideline to assess the environmental impact of the reflection of glass buildings on the visual
discomfort from glare towards neighboring buildings. The key parameters of the experiment are
shapes of building and visible light reflectance of glasses. In this study, five building shapes were
defined with various light reflectance, which are 5%, 10%, 15%, 20%, and 27%. These case studies
were simulated using Rhinoceros + Grasshopper software to evaluate illuminance level and daylight
glare probability (DGP) value. Five thousand four hundred simulation cases were performed. The
results showed that if the reflection from the glass building projects directly into the eyes of observers,
regardless of the building’s shape and reflectance, the calculated DGPs values were always higher
than the imperceptible glare level (DGP < 0.35). To avoid lawsuits between building owners and
neighbors after the building construction, the environmental impact assessment should be conducted
on a case-by-case basis. The concern cases are buildings with a concave shape design or a tapered
tall building with fully covered glass facade and without sun shading devices to reduce reflection.
The recommendation is to assess the direction of the reflected light to determine the location of
the point that will be severely affected first. Therefore, the DGPs value from that location should be
calculated and the impact assessment should be performed in order to find design solution measures.
Initial study suggests that the reflection impact be reduced by using solar shading on glass facades.

Keywords: Glass Facade Building, Light Reflectance, Visual Glare, Daylight Glare Probability (DGP)
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Light Properties

Total
Kind of It Thick Glass Confi ti
Product em ickness ass Configuration VLT % VLT %
(mm) VLT %
External Internal
Clear
Laminated 6mm Euro Grey A/N+PVB
1 12.38 43.5 5.3 5.3
Tinted 0.38+6mm Clear A/N
Laminated
6mm CS214
Reflective 2 13.52 H/S#2+PVB1.52+6mm 12.1 25.2 28.2
Clear H/S
6mm CS120
Reflective 3 12.38 A/N#2+PVB0.38+6mm 22.2 27.1 22.1
Clear A/N
6mm Clear H/S +PVB
Low-E 1.52+6mm ACE4QT
4 31.52 38.1 15.0 11.6
IGU+Lami H/S#4+A12+6mm Clear
H/S
6mm Euro Grey H/S
Low-E +PVB1.52+6mm SMART30
5 31.52 14.2 10.2 14.8
IGU+Lami H/S#4+A12+6mm Clear
H/S
6mm CS148
H/S#2+PVB1.52+6mm
Low-E
6 31.52 SMART51 28.9 20.3 17.9
IGU+Lami
H/S#4+A12+6mm Clear
H/S
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aenfindlunseuyutes fIdeddldvimsuusngy sl anufiuanslunini 7-11 Aadl

View type 1: DIR - Direct Sun guuaqﬁ'Lﬁumqmﬁmsﬁmamwuﬁaqﬁwﬁwé’qmmi
View type 2: SIL - Silhouette guumﬁtﬁumqa’lﬁmémqLwisziauagié’huwé’qmmi
View type 3: Off - frame yuumﬁ'Lﬁumda"gwuaqmamﬁmévuﬁmﬂ’mé’wwm
View type 4: No Sun spimesfilsiusngnueiingieuusenasuaeosiiitunds
View type 5: REF - Reflect sjusipsfiiiunsenfindazsiouvusioinns

VIEWTYPE 1: dir = soufiusioindTaunss

Intolerable Intolerable
6/21 8:19 AM Intolerable Glare (100% DGP) 9/21 8:11 AM Intolerable Glare (100% DGP)

M 7 View type 1: DIR - Direct Sun ysue3iisiunse1minglngnsavuiosiniumaienis

VIEWTYPE 2: sil = silhouette. saaiduaoritedfousundionas

Intolerable Disturbing
6/21 8:19 AM Intolerable Glare (56% DGP) 6/218:19 AM Disturbing Glare (43% DGP)

M 8 View type 2: SIL - Silhouette yuB3TikuANOITAINTI UFToUBEH 1UAIIATT
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VIEWTYPE 3: off-frame — saudusmwaniindueainvsinsounod usranuddnag

Intolerable Intolerable
9/21 12:11 PM Intolerable Glare (61% DGP) 6/21 8:19 AM Intolerable Glare (48% DGP)

g

AT 9 View type 3: Off - frame YuueITiTUU NG INYDINNITNgULYIB1MaI8IA77

\ VIEWTYPE 4: no = no sun ( kiUsingasetiinduuiosin uasuuinanms)

Intolerable Disturbing
9/21 10:11 AM Intolerable Glare (52% DG 9/21 8:11 AM Disturbing Glare (44% DGP)

>
& o o

M 10 View type 4: No Sun yuxieavilsisingnaseringvisuusiensuasiosiiumas

VIEWTYPE 5: ref = reflect (uasusaiiagdifinanuuiioins)

Intolerable Intolerable

12/21 1215 PM  Intolerable 5 AM Intolerable Gl ( GP]

M 11 View type 5: REF ~ Reflect yuuesiiium e 1mindasiouuusaaIns
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navaan swualy 5 Ussinvnvesyuues e View
Type inlWwuinnsdiyuueslumienisiiiu
A1 RRGATIVUYIDINAIUNEI91A1S (View Type:
Direct, Silhouette, Off-frame) 3 BLiuLINN 981 7ANE
axviouuuiienns (View Type: Reflect) A1 DGP 7
Fraesdnilvgaeiiangseuthannlussiufiannsa
wanalaindu Intolerable uag Disturbing Glare
Tusmgdininiduyuuesiilyifuieniseniing
vuesthifundwayiiiiunagiouresmaenind
VU8R (View Type: No Sun) 2wiiFn DGP snn
agetalan Famneanuitmnuedludsianiadil
mmiﬁy’aag’ WATUNTOULNLDIENITOLAUAIDTRE
ATUTIIUTOUUAIDIANT FzLAALAIUIAATTY
TEAUATINANUTUNIULAELBIBE LD dOnATeY
funaddeves Konstantzos etal (2015) Fslunsel
994 View Type WUy Reflect Miiluyumaaiiadis
HamlsiunnszurumsturesyAssnunanseny
Awandon wdamuine DGP fisgdu Intolerable
Tunnnsdl

FAfelivinnsmaadevesdn DGP uisuenam
ALUTVRIFUNTI0IAITUALAINTTALY DOUAIY DS
n3%3n (VLR — Visible Light Reflectance) Adlans
Tumsnel 2 wudndn DGP 1wagliléfaauansing
AusENINgUNI@IMsENg 9 visernsazyauLa
Y9N5EINGIANS A1 DGP LRAEYBUAALIUNTI01ANS
ogflndiAuafuil 0.72-0.76 (intolerable Glare) uag
fidiade DGP dgroglndiABaiudl 0.30-0.36
(Imperceptible Glare) luvaiziidade DGP vas
nszanusaziuaglndiAsiuil 0.73-0.75 wazsan
087l 0.30-0.3¢ Fauanslisiudn laidrermsazidon
Tdnszaniifienagviounasiniios 5% viogada 27%
Aade DGP Aliunndrsiumnlaviinisimun
YUNDIVOINSUBITIUI WA Tind ol

WialATziARaeves DGP kenmuUssanveasyy
199 1139 View Type MIuRISNA 3 9snuinALRdey

DGP vadusazyuiadlanuuans1eiueg1adniay
'Sm?'?aﬁal,l,ﬂigﬂmqmmil,l,axﬁaLLUimmiazﬁauLLaa
YounsranfEuIsinudutusiua DGP wnBeiu
Fauuuesddyiiensandugeauladmivnmsussiiu
NANTEVUAIINEBNARD 3313183 No Sun Wagaused
Reflect @emuinmaes No Sun fid1 DGP fni
yuwes Reflect Tuynnstlvesgunsee1n1s uagyn
nsdlvesAINITAYTBULAIDINTEAN Alade DGP
yosyaned No Sun SlAwiniu 0.48-0.57 Tuvaigi
Aade DGP Yeummed Reflect TiAWMAY 0.58-
0.91 Lﬁaﬁmimmmé’ﬂwmwaagﬂmqmmi NI
CurvediN firads DGP Hosningunsedu inszilu
sUnssifnIsTIuasasugauIsaidugalyiia
wnnndnszeuadluviynfianis usqeiAnnss
YoaTY svdwmansynugailefinyuuesludsge
PINAT

MIITURANTENUIINAINITELTOULEUBINTLANHD
Aady DGP wuiAw@as DGP flAnunniumud
nsazTteuLamainszanidenld lnsdiawindy
0.66-0.82 dmsunszanfidAInsasiounas 5%-
27% Fadfsieinduen DGP ﬁgﬂuﬁgﬁu Intolerable
Glare samun wsiogslsid wuinszanidlanis
axviouLaaus 15% TUss 27% flAade DGP i
uANeafusn GavneanuinsimusAanasg
P09NTHNTIBITUNANTENURIING DY TIeT D
faruslunee’ TREES vasaaduenasidesined
syyANsazvioulaaenszanliliiiu 15% 0193y
lailamsannansenumuiasuiamlaunngn mnlila
ﬁmimﬁ'aqguumlﬂﬁqamﬁﬁazﬁauuaaaaﬂm
91a157Ii1un1sUsEduRansEnuAnIndoulag
msldnszaniifimnisasiouuasn Weaduadiass
AgENNT0AS AN TENUGIFRANNLINGDN Q) U
auplaguiu i Lﬁaﬂaqﬁumqﬁ%lﬁmmi
Hoesoaluniends n1sUseiiunansenuanLas
agviudsdndudowhnisdunamaaiagléiuna
N3ENUINNNITALNBUVDINTZINTUYNUBILUY
Reflect \@onau La139911n1531a89A1 DGP 210 U
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fundsiilesunsasiioulaunss Jamneanwuy
Waenuiienansienszanaiiuaziinudulule
g991A1 DGP azeglusziudiunnnit 0.45 n3e
Intolerable Glare foanuuuainsddndudes
f15UMENEE9INIT0DNRUVBIAIIAIBNTZANE
Tvgy fiflgunsaldain (CurvediN) AnaliAnnnsso
LLm"Lﬂé’@wﬁa 9 BYNTULIY waAITERNWUUTYE
wHsfuLAnBuBanINRINTEaN WSalin1sAuNs

nszandersafiuidutng o Weliaunsaansi DGP
Tegluseiuiiinasnin 0.45 useeties uazmn
Jululs ansmenganiliian DGP Agailld¥una
nsnutuiedesndt 0.35 wenani Hreszeiien
Pldsunansenunnuasavieufifudadudfyu
fu yasundsiilasunansynuguusseglusvesing
funifanszaniiaziiouuasesnin azdmalisveziom
lesunansznuiinuenuunndeduse Juae
annuiondeusiag Wormsiraieanndadu

M99 2 AeFeYesA1 DGP LUMENAUAILUIYDIFUNTIBATST LagAINITavioULaYeINTEan

ArAN TUYRINSRALEIUINANNUAISTTUYIR
(Daylight Glare Probability; DGP)

JUN3991A15 Anade GUGRGT Agn AN
sUnsaMaLY (Box) 0.75 1.00 0.32 0.68
sUnsudeaeuiulusiwanoinis
" 0.76 1.00 0.31 0.69
(SlopeUp)

JUnsudesanuasludigiuens

° 0.74 1.00 0.31 0.69

(SlopeDown)

Junsslaaiuda (Curvedin) 0.72 1.00 0.30 0.70

JUnsslasieen (CurvedOut) 0.75 1.00 0.36 0.64

A1AUYTUVDINITAALAIUINANAINUEITTTNYIA
(Daylight Glare Probability; DGP)
AINNTELTDULEIVDINTZAN Aade AEeER AAEA AT

VLR 5% 0.73 1.00 0.30 0.70
VLR 10% 0.74 1.00 0.31 0.69
VLR 15% 0.74 1.00 0.32 0.68
VLR 20% 0.75 1.00 0.33 0.67
VLR 25% 0.75 1.00 0.34 0.66
VLR 27% 0.75 1.00 0.34 0.66
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P~ ' a ' | v A a X
M19197 3 ANRALVRY DGP LUIRUUTHIANYBITUNTY WagAINTAEIDULAIYRINTEANEIA1T MinTuluyy
UBIN4 5

A1ANUITUVDINSRALFIUIAAIANUEISTTUVIR
(Daylight Glare Probability; DGP)

AnuauzsUNTvnnns
° YUNd9 (View type)
Tunsfinu i
View type 1: | View type 2: | View type 3: | View type 4: | View type 5:

sUNT991A15

¢ Direct Sun Silhouette Off - frame No Sun Reflect
UnsamaL (Box) 1.00 0.58 0.58 0.48 0.91
sUnsuBusgouiuludieen
° 1.00 0.61 0.58 0.51 0.91
81A19 (SlopeUp)
sunsedesaovasludegiu
b . 1.00 0.58 0.58 0.49 0.83
81A13 (SlopeDown)
JUnsalAaindi (Curvedin) 1.00 0.56 0.57 0.47 0.67
JUnsdlaaieen (CurvedOut) 1.00 0.57 0.61 0.57 0.58

ANAIUU1L T UVRINSAALEIUIAAIINUEITITUYIA
(Daylight Glare Probability; DGP)

AINNTELTIDULEIYDINTZAN )
yuuaa (View type)

Tuns@inun
s EE UL UBINSEaN View type 1: | View type 2: | View type 3: | View type 4: | View type 5:
Direct Sun Silhouette Off - frame No Sun Reflect
VLR 5% 1.00 0.57 0.57 0.48 0.66
VLR 10% 1.00 0.58 0.58 0.50 0.77
VLR 15% 1.00 0.58 0.58 0.50 0.80
VLR 20% 1.00 0.58 0.59 0.51 0.81
VLR 25% 1.00 0.59 0.59 0.51 0.82
VLR 27% 1.00 0.59 0.60 0.52 0.82
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6/21 10:19 AM Intolerable Glare (100% DGP)

2
o

6/21 10:18 AM Intolerable Glare (52% DGP)

AN 12 8aY89075FRFUANTIUARTIYIEaAN 15T YD ULAUaRIAIEAT DGP 71anadain 1.0 asu9 0.52

v
o

Madliq sﬂ,mmmimammmiiﬂmﬂamaamma
(Box) Tﬂjmwaﬂwummiamaum 15% ‘LJG]LmJ
WeRunTIe1ANS msyuﬂumﬂmmmnwmmmm
fuuanuLILeuTiiaLEnRaus 0.80 Wwms 81 1.60
R nanssaedluiui 21 Tguieu ymaamﬂﬁu
Loty fauandlunmit 12 wuiranpufieasiuin

ALVDUVDIAIDINAGLHUAINUUNTI91ANS NI le

A1 DGP iU 1.0 %130 100% nsAndaursauan
mana1lavinlian DGP @1unsnanadlaegnaiive
ddey 910 1.0 asundi 0.52 Fomnemnuinnsings
uHIUIARAN 0.80 LUATUUNIIINTEANGIANT @1UNT0
anauiAnliiiaueannsussiunasaziouves
mse1ndle SedasinsanulussazBundngy
Aamauazaieainig q aely

ajﬂwanﬂsﬁnm

v
v Aav

mm%ummaﬂi“mﬂLwawsumuu’mwmiﬂiku
NANTENUAILIAGBNIINNNTALT DUUAITBINTZIN
WaeneAsrealNanliuiauIgInTEAULES
vInnvearfildfunansznulneseure181A1s
fulsidfguonsveasifio JUNTI0IA1T WAz
Amsagiiouaadnszan fvualieesiiing
Anwnilgunsmdn 5 5Unse uazidenldnisnszand

fAnsayounas 5 a1 1ewn 5%, 10%, 15%, 20%
wag 27% undnaewwaniglusinsuy Rhinoceros
TUsun3a31 Grasshopper — DIVA iilaUszifiusesu
AMUERIEIe wazAALUnzidureInsIAnUEs
UIAN1AINUEISTINYIR 30 Daylight Glare
Probability (DGP) ¥innss1aeriedu 5,400 nsdl e
AirnsuasoringvosTuddglunilsd asounau
szozlad1 Nanvil wazuny WNan1IINaBITEAUy
Arnnsdesainsuuiiuiilngidssiuidosnainuas
A¥Y10UANFIBIANT 1fﬂaﬂu’m*flﬁuﬂmuml,ﬂuﬁmum
YOI FUNALTUAIDIATUAL mqmwmwamuwu
WAZTEAUAIINEGS 60 wasanii devinssraesly
NUI1A1 DGP %%uagﬁuﬁﬂwmsﬁummawmm
Fapausaiiuerasuasiosiifiungseonansdy
d1fny ilvideuenueyanyuzyuled 3o view
type «Ju 5 gUuuy

NATIATIERALREY DGP VBIUFATIUNBINUI
WINLULIlALBATULAL D UVDIN WD TNGUUNIY
913 u%a:uaqLﬁumqmﬁméaguuﬁaqﬁwﬁwé’wm
91a13 Wiudugunsiensla 9 wienszanien
nsazviouwaviile Aldanunsavilian DGP gl
seduduissneiiaylifauasuinnle nissmune
A1saEYeuLaIveInszanlyldiAYy 15% a1ude
fuansUsTIuNanSEUA L INAaULaL AN 0T
9191387 TREES Tnsaatuanansideslng Fsena
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UNS8IUU CurvediN 138 SlopeUP ifinslénszan
anssaidonduivlng TaglifinisldunsSauaniu
annsazvounas lagtausnugliviinisussiiiu
Aemnauas iefvuadiumisvesaaiagldiuna
NIEVUTULITINBU AIBNITIaRIUANLATY ALY
9959801908 WAI3evinisUszLiiuan DGP 910
Fudeiy e isannansEnUBINASNISIG 9
Tneszduvesrn DGP fivausulddionadeiinis
Anuideseluinasimunadieniitesndn 0.35 sy

>

K

'€

i 13 anvalen ey ieuuageInIsTINALIYesFUNTIeIATiae uTugeene1n1T



o339u LATYgyYAT / a5U Widv / Ay ndyam iy

1AFFILLNTR voausngeldndndu i
sATeflodmuaa DGP Amuizaudiniy
aounsalfildfuuasenfingnsudgaronives
FEunnnsaifadinsifeiaunogetiselies 3
NUIVBY Konstantzos et.al (2015) wag Wienold
(2007) lalvidedunndngnsn1sAuin DGP 8193
TAfiguAululuaaiunisalfinseuysuesiuas
917indnse viseuasenindavviouninsudndaiun
vosues adudsiideninsinudelulusunan

USFEUTIYATH

Vv 89NULANIVIT WAz 93591 LATHEURS. (2562,
nINGIAL). wuslunisesnwuuLiloannansznu
PMNNTaLYDULEwRLUGDNATS. LonaI5Usenay
MTUsEga 391775 BERAC a%it 6, Anuzanidne-
NITUANEAS UNIINYINUVDULN Y. VOULNU:
AN IFTUUDULAU.

ufwwosulatl. (2559). Jnwnitu: vgningedianssan
syiataenrebitiioutul. Aududle 13 nuamiug
2565, 310 https://www.matichon.co.th/
matichon-tv/news 157472

an1ueAsidealne. (2559). aloinainsuszidu
PIMEEUIINE N sEF W InEu IneE TN
neasauayUsuualasanisiyal. njamwe: aond
o1 Tenlne.

Bodart, M., & Cauwerts, C. (2017). Assessing daylight
luminance values and daylight ¢lare probability
in scale models. Building and Environment, 113,
210-219.

Chaloeytoy, K., Ichinose, M., & Chien, S. C. (2020).
Determination of the Simplified Daylight Glare
Probability (DGPs) criteria for daylit office spaces
in Thailand. Buildings, 10, 180. Retrieved from
https://doi.org/10.3390/buildings10100180.

Dwyer, C. (2017). Solar glare: Guidelines and best
practice for assessing solar glare in the City of
London (Planning advice note). London: The
City of London.

Hirning, M. B., Isoardi, G. L., Coyne, S., Garcia Hansen,
V. R., & Cowling, I. (2015). Post occupancy
evaluations relating to discomfort glare: A study
of green buildings in Brisbane. Building and
Environment, 59, 349-357.

IWBI. (2022). WELL building standard. New York:
International WELL Building Institute. Retrieved
from https://v2.wellcertified.com/en/wellv2/

Konstantzos, I., Tzempelikos, A., & Chan, Y. C. (2015).
Experimental and simulation analysis of daylight
glare probability in offices with dynamic window
shades. Building and Environment, 87, 244-254.

Mardaljevic, J., Andersen, M., Roy, N., & Christoffersen,
J.(2012). Daylighting metrics: Is there a relation
between useful daylight illuminance and
daylight glare probability? In Proceedings of
the 1st Building Simulation and Optimization
Conference (pp.10-15). Loughborough:
Loughborough University.

Timeless Travel Steps. (2020). What went wrong with
the Walkie Talkie Building. Retrieved 2022,
February 13, from https://timelesstravelsteps.
com/2020/01/29/what-went-wrong-with-the-
walkie-talkie-building/

51



wansENUYassUNsIaIA1suasAInIsasisunavaasnssamuUIona1A1s
sigszauANlsUISUIEN I ILA I aFA TN IRFONT 1L FES

Tyukhova, Y. (2015). Discomfort glare from small,
hieh luminance light sources in outdoor
nighttime environments. (Dissertation, University

of Nebraska, Lincoln).

USGBC. (2013). LEED version 4 reference guide.
Washington, DC: United States Green Building

Council.

VELUX. (2020). Guide to daylighting and EN 17037
(White paper). Horsholm: VELUX Commercial.

Wienold, J. (2007). Dynamic simulation of blind
control strategies for visual comfort and energy
balance analysis. In Proceedings of IBPSA 2007
Conference (pp. 1197-204). Beijing, China.

Wienold, J., & Christoffersen, J. (2006). Evaluation
methods and development of a new glare
prediction model for daylight environments with
the use of CCD cameras. Energy and Buildings,
38(7), 143-757.



