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ABSTRACT

Thermal, visual, and acoustic comfort are among the major parameters of overall occupant
comfort and indoor environmental quality in buildings. Early-stage design and selection of
building envelope parameters require due consideration to all these three aspects of comfort to
enhance envelope performance, productivity, and wellbeing of occupants. Several
methodologies have been proposed by researchers for optimization of thermal and visual
performance of the envelope, both individually and simultaneously, but the acoustic
performance, i.e. mainly noise insulation, has remained largely disregarded or left to be dealt
with at a later stage. The lack of a proper methodology for simultaneous optimization of thermal
and visual performance of building envelope with acoustic performance has led to degradation
of the acoustic environment inside green buildings. The present study proposes a methodology
for simultaneous optimization of the thermal, daylight insertion, and noise insulation
performance of building envelope to minimize operational energy consumption and enhance
thermal, visual, and acoustic comfort for the occupants. The proposed methodology makes the
use of a multi-objective optimization algorithm, Non-Dominated Sorting Genetic Algorithm-
Il (Deb, Pratap, Agarwal, and Meyarivan 2002a), combined with thermal, daylight, and sound
energy transfer models to arrive at a set of optimized building envelope parameters for early-
stage design. The admittance method proposed by Milbank and Harrington-Lynn (Milbank and
Harrington-Lynn, 1974) is used to assess the thermal performance of the building envelope.
The daylight insertion through the windows is estimated making the use of the Perez sky model
(Perez, Seals, and Michalsky 1993) and inverse square law (Koenigsberger, 1984). The noise
insulation property of the envelope construction and glazing is estimated through the transfer
matrix method (Brouard, 1995) and the performance is assessed using the OITC rating (ASTM,

2016). The efficacy of the proposed methodology is assessed by using it for the early-stage



design of a hypothetical case study building and studying the set of optimal design solutions
thus obtained. An adequate sky luminance prediction model for Indian tropical climatic
conditions is proposed through comparative between measured sky luminance data and widely

used sky luminance prediction models (Perez and CIE sky model (Darula and Kittler, 2002)).

As an end-user or a decision-maker, every person is not skilled enough to carry out whole
building simulation optimization himself for the selection of building envelope parameters for
the desired objectives. For global and mass adoption of such green building solutions, a set of
climate-specific ready-to-use guidelines are required that can be readily used by the architects
or decision-makers in the design stage of building for the reduction in energy consumption and
enhancement of comfort levels inside the building. Therefore a set of guidelines are also
proposed using the developed methodology for low-rise commercial buildings which when
implemented in design will enhance thermal, visual, and noise insulation performance for the
building envelope leading to minimum energy consumption while ensuring thermal, visual,

and noise insulation comfort for the occupants in different climatic zones of tropical climate.

The proposed methodology was also used to develop design guidelines for envelopes in multi-
unit residential buildings. A modified form of the proposed methodology was used to develop
design guidelines for multi-unit residential building envelopes in major climatic zones of the

Indian tropical climate.
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Tid, fagara iR @afFid SIRTH SHRA! H 90y YT 3R 3R 7R wafarufig Turasr
& UHE AUcs! # ¥ § | fIwIhT & UeRH, Sdredhdl iR Xg- aTdl ®I Hals &l 96 &
fore SR & g9 Wuft < usqen )R URMY® TRUT & fSoe SR f[Tww Huds! & 99
B ATTHAT ¢ | AT F yia ok =20 Ue= & 3emad & Y Muwarsl gR1 b
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T TR IYAH, B! 916 & WU H §8 TAH IR 3fagadl a1 818 fear mar § | @ veri=
& 1Y TART & [T & YT 3R TR UG & U UIY G & fold T Sfod T
D B & BRI G HaHI o 3HaR G aTaTaRul &1 1 g1 & | TTHH LT giRare
Foll U BT HH B 3R T ardll & fow yrid, 220 3R @i IR &Y ¢ & fou

I, SATge ARTEH, 3R Ha fAIwTh & IR SR YR & T 1Y SIHe o (oG
UH Ui BT URdTd Bl ¢ | TRATad HIaYulel U e IR UgdH o forg yiid, Sage 3k
IS TS SRR Hisel & 1Y Fgad T §g-I50 3R TliRed, TR-SIHes
JiféT SHfews TEiud- 11 (39, UdM, 3ard 3R BuTiRad 2002T) T SUANT !

IR TR0T & S8 & g srdferd yar fRrwieT Arucs) &1l firdd® iR giered-
o (Frad® SR 3frea-fom, 1974) gRT uafad Uawr ugfa &1 IuanT Ha forets &
YHA YR BT 3 H3- & o fpar S1dr 8 | fasfmal & Aregw T fea & I9ra Ifveq
BT ATAH WY Whls Alsd (O, e, 3R ARHD! 1993) R hH I B
@R, 1984) BT IUANT F&b fobar a1 §1 fawerwr fAafor ok @fsiT o IR
YA TURT BT STHH RIFARY Afeaq fafdr (§s, 1995) & Hieqw ¥ foram Sirar § 8k
Y& BT Hedich T3S T (Tuadiug, 2016) &1 UGN B T SITdT § | URTfad
BRYUIC! B THITHIRT BT fThei Teb Bledi-ch Hd el fafegT & YRS =R &
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fSSIEH & foQ 3HHT I HRdb 3R 39 YBR UK S8AH ol FHIHl & AT B
T FHRb [T T § | URAT S eaed siaarg uRfyfaat & fore te i Wors
T yfawmarlt Aied &1 URard AT W61 gy Sal 3R Hud U I Iu4NT fahy
ST 9Tl WhTs (A HigsaaTolt Aisd (ke 3R eSS Whls Hisd (Gred 3R fheer,
2002)) & T oIS b HIedH ¥ fhar St g |

e Sifar-SuanTeat a1 Avfa-fAafar & 0 # ude fed gifed Il & fow vaa
fTRTT ATUE S & o9 & fore O Har R SH e & Wd dA & o vl $3ra
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fuig Faidrsll gRT ol Bt Tud # B & 7T Ha & fSeg =aRor H Syt A fobam S
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faf¥ra STcrary &= 1 Xg= aTdl & ot IIaRH SRM|

TRATTAd Ugfd T SUANT Sg-3pbTs Ay Ha-i § fwret & fo fewme faanfdw
faeRig o= o forg off fopan T U1 YR Swisies i Seaarg & vHE Siaarg & o
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