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Abstract

The CEAT Lounge is the main social space at the College of Engineering-arttistgied Technology (CEAT), University of
the Philippines Los Bas. It serves as a meeting place, study, and dining area for the Bted€R&T Lounge is a semi open
space, aoncretestructure with a metal sheet roof andavalls. The curremtesigrdoes little to protect its userthe students,

from the hot, humid, and rainy climate of the Philippines. The metal sheet roof iheréaseetature inside, while ldrge
openingsallow direct solar radiation to hit the space, which makes the space uncomfortable. In addition, during the mor
seasorthe space is exposed to both rain and,wémdlering it unusablé.he progcécwvés i sbit i mpr
comfort inside the lounge. Solar radiation study was performed to investigate how direct solar radiation heats up the
Different roof buildups were explored to reduce longwave infrared raditdianty transient #rmal simulations were done to
assess users0 cforhke entire yeakowsteichdselutitng sich sgpatting parapets opaque screen at the
top of the open walls are recommended to block direct sunlight. The roof, being exposau atl theey longasimproved by
increasing the solar reflectance atding msulation with love coating. Transparent operable wind andoratactionwas
installedn thewall openingt shield it from rain and wind. Favereadded to enhance thermal comifigrprovidingelevated

air speed when the operaditadds in useThe next step is to coordinate with the college administration, students, and alurr
to implement the proposedsign solutions at the actual site of the CEAT Lounge.

1.Introduction

Figure 1L CEAT Lounge full of students

Table bencheservingas dining, study, and hangout areas fill the CEAT Lounge, the main social space at the Collel
Engineering and Agiladustrial Technology (CEAT), University of the Philippines Los Bafios. It is the designated spot
academic student organizations anerevtheonly canteen in the college is located, hence the space is always occupied v
students as well as faculty and ataffeen iRigure 1

The CEAT Lounge isE0x 30m semiopenspace, a structure wittetalroof, nowalls and concretédor and columns
The roofis made up of single sheet metaittvarusty, faded green paint outsitleis buildup does littlen making itsisers
comfortableagainsthe hot, humid, and rainy climate of the Philippiftds.discomfort is more pronouncadt t he | o
location, which belongs to a climatic type with distinct wet and dry seasons from May to October and from November to
respectively (Ella, 2008he metal sheet roof increases the temperature inside, whilgetheall openingdlow direct solar
radiation toenterthe space, which makes tisers feelincomfortable. In addition, during the monsoon season, the space i
exposed to both rain andhe rendering it unusable.

Hence, this project aims to provide a more comfortable space for the students. Also, this project hopes to prc
awareness and start a campaign across the whole university about climate responsive design.



2. Methodology

2.1Thermal simulation

Thermal comfort of users with the existing hugldf the CEAT Lounge was assessed by performing annual hourly
transient thermal simulations using BXIS 8 with the Grasshopper pligTRNLizard

The lounge having no walls means it is naturally ventitsitdd is equivalent to an outdavironment Hence
gandard effective temperature (S&fhich is suited in evaluating outdoor sp&daei(chi, 2011 as cited by Honjo, 2008&8s
used as thenetric for thermal comfarit accounts in relative humidity, mean radiant temperature, air velocity, as well as acti
rate and clothing levels (ANSI/ASHRAE Standara(8D).

SET 0of17.58 30°C wasselectedsanexendedcomfort rangéslightly coldo slightly warmas showin Table 1 This
range was considered comfortable because in naturally ventilated buildings, thermal perceptions and tolerancakare likely
the occupants accept a wider range of temperatures because of thermal adaptation which can be mainly attritmatied to be
adjustments and psychological adapt&iagér, G.S., de Dear, RsIcited by Gou, Z, et al., 2018

Table 1 SET comfort range

Hot SET (° O) Sensation Physiology
. i sed disruption of
37.5-44 Very hot, great discomfort mc:rease. 1STup 101.1 ©
evaporative regulation
34.5-375 Hot, very unacceptable profuse sweating
30-34.5 Warm, uncomfortable, sweating
unacceptable
25.6-30 Slightly warm, slightly slight sweat,
T unacceptable vasolidation
22.2-256 comfortable, acceptable phystolloglcal thermal
neutrality
slightl 1, slightl . .
17.5-222 ST cooL, SUEMTy mitial vasocontriction
unacceptable
45-175 cool, unacceptable slow body cooling
- 10-14.5 cold very unacceptable beginning of shivering

Cold

Table fromPredicting outdoor thermal comfort in urban environments:
A 3D numerical model for standard effective temperature by Nazarian, Fan(2€12).

Operation time fothe thermal simulatiowas from 07:00 to 18:Gthd umber of students variggoughout theday
Weather data used was from Ninoy Aquino International Airport (NAIA) in Manilatideiertavailability dfiourlydata from
LosBafios Laguna.

2.2Hot roof protection

Severaloof variantsvere exploretb improve the roofsdepictedn Figure 3. These variants are divided into three
groups

A) Single sheet metal roof without insulation

B) Single sheet metal roof with insulation

C) single sheet metal roof with insulediach air gap in between

Solar reflectance dfie outside roof surfad&R) was increased to 0¥6ich corresponds thecolor whitefrom the
existingaded green finish with Fof 0.34 Dean Steel Buildings, 2DTFhis was applied all variantto decrease the absorbed
solar radiation/ariants of the inside roof surface with-émissivity coating were also done wigtonpsA, B, and C.

Ther mal conductivity (k) and thi ckn eaadd=(0.0004 o Forthd n ¢
bubble wrap, k = 0.032 W mK and d = 0.004 m were used

The performance of these variants at sttatlywas assessed by calculating the outside surface tempejatoseler
roof surface temperaturenfTand perceived t@mrature (ike) using Engineering Equation Solver (EES). Boundary conditions
assumedbor solar radiation (&), sky temperature &J), ambient temperatureafl), inside space temperaturg4} and soil
temperature @gloung Usedwere:

Qsol = 450 W/ne
Teoy= 12 °C
Tamb= 28 oC
Tspace= 28 °C
Tgrouna= 27.5 °C



Qsol Of 450 W/n?was used since most of the hourly solar radiation values from the weather data lie below this val
shown inFigure 2. Convective heat transfer coefficients were assumedtobe20Wém t he out sSyi)dnd3 r o
W/m2K on the inside roof suf ag.e ( a
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Figure 2. Total horizontal radiaton
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Figure 3. Summary of roof variant

2.3Blocking direct solar radiation

Solarradiation study on the flooonsidering the surrounding buildings performedsing Radianaeith parameters
-ab 3-ad 1024as 512ar300-aa 0.1

Severaldesign solutionsf blocking the direct sunom strikingthe floorwereexplored such as extending the roof
overhan@nd partially closing the watllgle still maintaining views to theside Sed-igure 6. These include installing opaque
screens on the upper half of the walls and putting parapets at the bottom of the wall.

2.4Rain protection

In the current desidfigure 4), water enters the inside space due to the lack of walls, especially waetoraipaisied
by strong winds. Therefore, rain protection was included among the design solutions. This protection was assumec
transparent to maintain views to the outside and to allow daylight inside the space. This should be operable, t@tiEnonly us
itis raining, but for simplicity in setting up the thermal model, the rain protection was assumed to be in useTaktiratime
propertieof asingleglazed glasgithk 542W/mK , andsolar heat gain coefficient (SHG®.70were used.



Figure 4. Damaged sheets

3.Results

3.1Hot roof protection
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Figure 5. Performance of the roof variants
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Outside surface temperaturg.fJinside roof surface temperaturg)(@nd perceived temperaturgdat steadystate
were calculated for the eight roof variastshown ifrigure 5.

With the existing ropflourand T, are37.3°C which $also equal threet

Comparinghe existing rocdindA1l, itcan be observed thatreasing the solareflectance of the outside surfage
from 0.34 to ®0 decreasdbe temperaturds 32.4°C, since there is less energy absorbed by the roof.

Comparing ARndA2, it can be observed thatdyyplying low-emissivity coatingto the inside roof surfaceTreeiis
decreaset 29.9°C, sincethe heat beingmittedis decreased

Comparing A2 andBit can be observed thastalling insulation lowers the amount of heahichpasses through
the whole roof buildip, ttus reducind’in from 33.2°C t031.5°C and Teeifrom 29.9to0 29.3°C.

Comparing B1 and C1, it can be observedévitig an air gap between the sheet metal and insulatiohin and
Treei@rereduced from@5°C t029.6°C.

Set C explores the different placement of the logating, eitheéxtthe surface of the insulation facing the caviy or
the surface facing the inside space or both. Comparing the four variants it&eteoliserved that the lowestkils from
putting lowe coating on both surfaces of the insuldGak).



Among all the variant€4 haghe lowest e, 28.7°C, which is comparable to the perceived temperature of C2
(28.9°C). Considering &t C4 requires twice the amount of-laoatingC2 can be considered the best coofiguration
among the eight variants.

3.2Blocking direct solar radiation
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Figure 6. Annual solar radiation stualtythe floor using different architectural elements

(a) With the existing desidrigh levels of solar radiatigrb00 kwh/n?) in the perimeteas being received. Total annual
radiation for the whole floor is 107.6 kWh.

(b) Extending the roof by 2 necreased thadiation from both the high and lawgle sun. Total annual radiation is
37.66 kWhwhich corresponds to6d%reduction compared to the currdasign

(c) Installingl m high opaque screen reducedatmtion at the center tbfe space, which comes from the-kngle
sun. Total annual radiatio®%92 kWhvhich accounts to2.8%reduction from the curredesignOnly 1 m screen was used
to maintain visual connection to the outside.

(d) Putting 1 m parapetlecreased thadiation in the perimeter, which comes from thedrigke so. Total annual
radiation i$o 66.6 kWhwhich is é@8.1%reduction compared to the current buitd

(e) The combined effect of usitige opaquescreerand parapeaesultedo atotal annual radiatiasf 39.6 kWhwhich
is a63.2%decreaseompared to thexistingdesignThis is comparable to the reduction using the extended roof, bptitims
ispreferred almrgeextended roof overhangs are susceptillen@ge bgtrong winds.

3.3Thermal comfort

After performing solar radiation study and exploring different roofupsilthermal comforin the new desigmas
assessed by performing annual hourly transient thermal simolaterihe effect ohanging thearious architectural elements.
Standed effective temperature (SBT)L7.5- 30 °Cwasconsidered comfortable.

Figures 7 to 12show the SET and operative temperatw;g lotted againstorresponding outside air temperature
within the 07:00 18:00 operation time. The two horizontal lines represent the duanfbrt

Figure 7 shows the SET and,with the current buitdp. It can be noted that there are very low \&iilieq6
to 15°C)which occur in the morningnd can be explained due to high wind at those times. The space is percei
comfortabler4.8 %of the time.

Figure 8 shows the temperatag using the improved roof (C2). The maximum SET is 35°C compared to the existil
design of 40 °C. However, not all hours fall within the comfort range and are perceived comfortaie éad¥ohthe time.
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Figure 7. Existing buileup thermal comfort
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Figure 8. Improved roof thermal comfort

Figure 9. Thermal comfort with the addition of screen and parapet



