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Environment design to reduce Heat Impact of Site elements
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Abstract

This research is a response to the developing Green University and Sustainabie
movement, which concentrates on reducing air temperature on the microclimate level. The
research objectives are to 1) study heat effect of site elements and 2) study their relationship
with air temperature. The results will be used to create a design guideline for university
environment.

The study found heat site elements impact is the most severe from heat radiation
from temperature surface of material within the environment that is perpendicular to
sunlight. Site elements with significant heat capacity —ranged from highest to lowest —are
congrete, dry grass, bare earth, and water. However, shades can reduce the sun’s influence
by more than 80%.

Therefore, the University’s environment should be designed to have large shaded
areas cover hardscape of site elements, such as concrete and asphalt, and prevent them from
being exposed to direct sunlight. While areas with softscape of site elements, such as water
and earth can be more exposed to the sun. This design guideline can substantially reduce

heat impact from site elements.

Keyword : Environment Site Elements Air Temperature
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08.00 24.5 228 B39 49 -12.3

09.00 254 25.2 RO.6 4.6 -3.8

10.00 27.2 26.9 73.9 11.3 -10.9

11.00 30.6 30.6 63.9 80.4 -13.0

12.00 28.1 25.8 71.5 3.6 -12.7 RILY
13.00 30.3 27.1 64.6 21.9 -6.4

14.00 31.1 35.0 59.6 423 -11.5

15.00 30.3 34.2 60.7 30.7 9.2

16.00 29.9 28.7 61.8 211 -7.4

17.00 28.8 26.4 66.7 0.2 -12.0

18.00 28.6 27.0 70.9 0.0 -11.6
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%) 1 aIFL)
06.00 234 22.4 85.2 32 -13.4
07.00 23.8 23.5 83.1 4.1 -12.3
08.00 243 23.3 84.1 4.5 -12.3
09.00 254 255 80.6 4.4 -3.8
10.00 26.9 26.3 73.8 10.6 -10.9
11.00 29.1 25.1 67.7 12.7 -13.0
12.00 28.5 25.7 69.2 7.2 -12.7
13.00 314 29.7 60.8 16.4 -6.4
14.00 29.6 274 62.7 12.7 -11.5
15.00 29.4 28.9 60.7 12.0 -9.2
16.00 29.1 26.9 65.5 12.3 -74
17.00 28.2 259 68.9 0.2 -12.0
18.00 28.0 26.4 729 0.0 -11.6

159



deyadanlsanminadeudmmvs C

o & = o v = .
ﬂﬂlgﬁﬂ"lﬂﬂﬂﬂﬁiuﬁ'lﬂﬂillﬂgﬂ'l'jﬂﬂﬂllUUﬁQu']ﬁﬁﬂn uﬁ']']“ﬂ’]f\ﬂuui%’ l‘l‘fUQiﬂil

U NHAVA N 28 NOATMIBU 2556
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(earrusnidon) during (BTU) (eIm

%) iwaiSon)

06.00 23.1 20.1 85.1 2.6 -13.4
07.00 24.0 222 84.1 3.2 -12.3
08.00 245 234 84.2 48 -12.3
09.00 254 253 80.4 4.9 -3.8
10.00 27.1 26.7 73.7 10.6 -10.9
11.00 291 25.2 68.0 30.2 -13.0
12.00 28.3 26.5 68.6 4.7 -12.7
13.00 31.8 31.0 58.4 18.6 -6.4
14.00 29.7 28.1 62.7 23.9 -11.5
15.00 29.5 279 60.1 20.0 9.2
16.00 29.1 27.0 65.0 13.3 -7.4
17.00 28.2 26.6 69.0 0.2 -12.0
18.00 28.0 264 73.3 0.0 -11.6
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(%) wedow)

06.00 2041 21.1 85.2 0.3 -13.4
07.00 22.6 219 84.0 0.9 -12.3
08.00 24.5 22.8 84.5 1.9 -12.3
09.00 254 250 81.3 2.6 -3.8
10.00 26.5 26.5 76.3 6.8 -10.9
11.00 31.1 29.6 61.1 84 -13.0
12.00 282 25.3 71.1 2.1 -12.7
13.00 31.0 259 62.7 95.8 -6.4
14.00 31.2 30.3 59.5 14.2 -11.5
15.00 30.8 31.1 60.2 10.7 9.2
16.00 30.1 26.7 59.9 1.5 -7.4
17.00 29.0 25.6 66.0 0.1 -12.0
18.00 28.8 26.6 70.3 0.0 -11.6
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QUNQUeINA | QUUANQ] W Wi | guugil | wuemg
a7 (eamivaidon) i A ALY vioath
(earivaidon) during (BTU) (pam
(%) FaFon)
06.00 20.1 22.2 85.1 5.2 -13.4
07.00 23.2 24.5 85.6 8.0 -12.3
08.00 25.1 25.2 84.0 10.9 -12.3
09.00 26.1 27.9 79.6 56.4 -3.8
10.00 26.8 30.6 78.3 160.7 -10.9 LARdT
11.00 33.2 33.2 58.9 208.0 -13.0
12.00 28.3 29.7 71.8 17.3 -12.7 anty
13.00 30.6 35.6 633 335 -6.4
14.00 325 31.6 57.0 29.6 -11.5 U
15.00 31.1 30.5 59.7 17.2 -9.2
16.00 30.2 29.6 59.1 10.7 7.4
17.00 29.0 27.7 67.3 0.8 -12.0
18.00 29.4 28.2 69.2 0.0 -11.6 L
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a1 (esmuFaiFon) fn ANy asefind Hosth
(DsmvniFen) Furnt (BTU) (93
%) aioa)
06.00 21.2 23.1 82.5 8.3 -13.4
07.00 25.2 26.5 79.4 13.2 -12.3
08.00 25.0 26.4 81.0 7.9 -12.3
09.00 26.0 26.9 79.0 36.0 -3.8
10.00 26.1 284 79.2 28.1 -10.9
11.00 30.2 37.1 66.3 177.7 -13.0
12.00 28.1 32.9 729 23.8 -12.7 LY
13.00 32.0 38.6 60.8 234.4 -6.4 uaad
14.00 332 38.7 53.4 213.4 -11.5 uaad
15.00 32.1 34.3 549 30.2 -9.2
16.00 29.9 349 60.1 19.8 -7.4 EPILY
17.00 28.8 33.4 67.6 1.4 -12.0
18.00 29.8 329 68.3 0.1 -11.6
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QuUYQleINY | quugigil T Wussd | quugl | vuemg

a1 (oamuymiion) A7 AT aneiad vioaf
(@A) Fuvint (BTU) (038N

) watioa)
06.00 221 22.4 86.1 12.3 -13.4
07.00 23.6 233 84.3 13.3 -12.3
08.00 24.6 239 84.2 14.9 -12.3
09.00 254 259 80.6 12.4 -3.8
10.00 274 28.2 73.7 16.2 -10.9
11.00 294 27.9 67.1 16.7 -13.0
12.00 28.0 26.6 71.5 9.5 -12.7
13.00 30.1 31.3 63.0 17.8 -6.4
14.00 30.3 29.8 60.1 12.5 -11.5
15.00 30.1 29.1 62.1 10.4 -9.2
16.00 29.2 27.8 64.4 9.6 -7.4
17.00 284 24.8 67.7 04 -12.0
18.00 28.1 25.7 73.1 0.1 -11.6
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gaungiionw | gungiigl 131 Fnass® | quugil | nunume
- (esrmiwaiom) i AT aetiag | fedh
(parruToiFom) Fving (BTU) (e
%) waFoa)
06.00 22.1 221 85.6 15.5 -13.4
07.00 24.2 23.2 83.8 44.8 -12.3
08.00 25.0 24.9 82.9 50.7 -12.3
09.00 26.5 26.7 80.0 14.3 -3.8 ﬂJ'Nﬂ"JgN
10.00 29.2 31.8 69.6 143.1 -10.9 1381
11.00 30.4 409 65.2 333 -13.0 5
12.00 28.2 29.5 72.4 15.0 -12.7 mmﬂ%n
13.00 30.5 28.5 634 22.2 -6.4
14.00 30.5 304 59.1 12.5 -11.5 5N
15.00 29.9 29.1 60.2 11.1 9.2
16.00 29.7 280 62.6 10.5 -7.4 m@uﬂ‘;u
17.00 28.8 26.6 66.8 0.4 -12.0
18.00 28.2 26.7 73.6 0.0 -11.6
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(omnanidoer) JuUAnt {(BTU) (84m

%) waIRe)

06.00 20.1 21.0 B5.8 54 -13.4
07.00 224 21.9 84.3 7.3 -12.3
08.00 24.7 23.3 84.7 7.6 -12.3
09.00 258 254 78.7 10.8 -3.8
10.00 26.7 259 76.9 227 -10.9
11.00 30.3 278 64.5 27.4 -13.0
12.00 28.1 25.5 70.1 8.8 127 | wsusnle
13.00 31.0 27.6 62.6 39.0 -6.4
14.00 31.2 29.8 58.8 13.3 -11.5 Y
15.00 30.1 30.7 59.2 14.1 9.2
16.00 29.8 27.5 63.1 14.3 -7.4 IHUAL
17.00 28.0 254 66.4 0.6 -12.0
18.00 28.5 26.1 70.8 0.0 -11.6
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(parnsaiFan) durni (BTU) (pam
(%) walod)
06.00 20.3 19.3 26.7 12.1 -13.4
07.00 22.4 20.8 85.6 12.8 -12.3
08.00 24.7 24.4 84.1 13.1 -123
09.00 26 27 78.2 13.6 -3.8
10.00 26.5 27.6 71.9 18.6 -10.9
11.00 30.2 28.1 65.7 23.5 -13.0
12.00 28.0 27.2 71.4 9.6 -12.7
13.00 31 30.2 62.8 45.9 -6.4
14.00 309 328 60.5 39.1 -11.5
15.00 30.4 31.5 624 25.2 9.2
16.00 29.66 304 64.7 20.3 -7.4
17.00 28.7 26.3 67.5 0.7 -12.0
18.00 284 279 71.0 0.0 -11.6
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gangilenme | gangiigd STERORLT Wwnadd | gaungd | nuome
a1 (@3 wniFom) A2 ATy aneiad | edh
(BImnmFew) Auvint (BTU) (09801
%) aIde)
06.00 21.3 22.6 85.1 10.2 -13.4
07.00 224 229 85.8 10.8 -12.3
08.00 24.8 23.8 84.3 11.6 -12.3
09.00 26.0 269 78.1 17.6 -3.8
10.00 26.9 271 76.6 28.5 -10.9
11.00 30.1 273 65.2 32.2 -13.0
12.00 284 26.6 71.8 21.2 -12.7
13.00 30.7 299 63.4 50.9 -6.4 M
14.00 31.0 31.0 60.6 31.5 -11.5
15.00 304 31.2 59.8 30.6 9.2
16.00 30.0 28.7 59.9 264 -7.4
17.00 28.6 25.6 67.6 0.8 -12.0
18.00 283 26.3 71.6 0.0 -11.6
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gunglienns | quuanligil STER TR Wwwid | quugh I8N
. (ovrumaiom) ] A A hiag Yasfl
(BeruvaiFom) furnt (BTL) (gam
) 1o
06.00 20.2 21.0 86.8 3.2 -13.4
07.00 223 21.8 87.2 5.1 -12.3
08.00 244 23.0 85.0 6.6 -12.3
09.00 25.8 254 79.5 5.8 -3.8
10.00 26.6 25.9 76.4 11.9 -10.9
11.00 30.3 284 63.3 14.5 -13.0
12.00 28.0 253 71.0 49 -12.7
13.00 31.0 26.5 61.6 19.5 -6.4 flmauan
14.00 31.3 30.5 577 8.4 -11.5 £3
15.00 30.3 31.1 60.9 7.8 -9.2
16.00 29.8 27.8 62.3 8.0 -74
17.00 289 25.8 67.2 0.5 -12.0
18.00 285 26.5 71.0 0.0 -11.6
seeduyuiinu T uaiis
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gungienma | qungiigl SR Wuwid | guugll | mnowvg
- (@amaiiom) fn A anefind | el
(®ImimaIom) Aunnt (BTU) (8am
%) 1raLa)
06.00 21.2 221 85.0 4.1 -13.4
07.00 23.6 224 B5.3 4.7 -12.3
08.00 24.4 22.6 85.1 6.0 -12.3
09.00 25.6 25.3 79.7 6.0 -3.8
10.00 26.5 27.2 71.0 14.4 -10.9
11.00 30.1 27.6 65.3 18.3 -13.0
12.00 28.1 259 70.8 4.9 -12.7
13.00 30.5 275 63.9 223 -6.4
14.00 30.9 299 59.5 10.2 -11.5
15.00 30.7 30.2 63.7 93 -9.2
16.00 29.6 274 64.1 7.1 -1.4
17.00 28.7 25.7 67.5 0.3 -12.0
18.00 28.4 26.1 70.9 0.0 -11.6
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guugliema | guugiigi LT inafsd | qungl | wwmmg
a (earuzaiFon) 7 Ay A9 R o
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%) g
06,00 22.8 221 85.8 3.5 -134
07.00 24.1 22.5 83.3 4.1 -12.3
08.00 24.8 25.1 82.7 43 -12.3
09.00 26.3 25.6 81.5 4.5 3.8
10.00 26.9 26.6 76.0 11.5 -10.9
11.00 20.9 292 65.2 12.7 -13.0
12.00 28.2 283 71.5 4.6 -12.7
13.00 30.7 27.7 63.5 134 -6.4
14.00 304 293 62.7 45 -1LS | Wusn
15.00 30.1 29.7 63.0 5.1 92 fuaun
16.00 29.8 28.7 634 4.2 7.4 Tuaun
17.00 28.6 26.7 67.6 0.1 -12.0
18.00 28.2 27.4 71.7 0.0 -11.6
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e (oamiwaiFom) Cp) AW anefiad | Aedh
(BamaaiSom) Jurint (BTL) (9am

(%) "atEon)

06.00 19.8 20.1 86.7 24 -13.4
07.00 21.1 222 84.6 38 -12.3
08.00 249 25.3 82.6 5.7 -12.3
09.00 25.3 25.9 80.8 5.1 -3.8
10.00 26.8 264 75.8 8.3 -10.9
11.00 29.8 27.0 65.8 99 -13.0
12.00 28.1 26.3 71.6 8.5 -12.7
13.00 307 27.7 62.9 12.3 -6.4
14.00 30.3 28.9 61.3 4.8 -11.5
15.00 30.1 28.0 63.4 5.2 9.2
16.00 29.6 28.2 64.2 53 -7.4
17.00 28.7 25.6 67.6 0.3 -12.0
18.00 28.2 26.4 71.7 0.0 -11.6
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quunqilend | quuligil W Usanufsd | quvgll | wuiume

aa @aruzaion) i A anediad | vedh
@Immadom durint BT (B9m

%) ¥ niFon)
06.00 22.8 223 86.1 0.2 -134
07.00 229 23.1 859 0.9 -12.3
08.00 24.5 24.6 84.2 1.6 -12.3
09.00 28.4 25.8 80.6 0.2 -3.8
10.00 27.0 27.1 74.1 1.3 -109
11.00 29.0 25.5 67.4 2.0 -13.0
12.00 28.2 252 69.7 0.2 -12.7
13.00 30.8 279 63.6 1.8 -6.4
14.00 29.5 26.9 62.6 0.9 -11.5
15.00 29.4 26.2 60.7 1.0 -9.2
16.00 29.0 26.5 65.3 1.1 -7.4
17.00 28.2 25.6 68.7 0.0 -12.0
18.00 28.0 26.3 72.2 0.0 -11.6
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06.00 22.4 218 84.2 0.6 -134
07.00 23.6 229 82.9 0.8 -12.3
08.00 24.6 249 234 0.9 -12.3
09.00 25.5 26.1 80.2 0.4 -3.8
10.00 284 27.8 70.9 14 -10.9
11.00 303 26.5 64.7 1.9 -13.0
12.00 28.0 259 71.6 0.4 -12.7
13.00 30.0 27.6 63.6 4.2 -6.4
14.00 30.7 28.1 59.3 1.3 ~11.5
15.00 304 29.2 60.7 1.4 -9.2
16.00 204 275 63.8 1.0 -T7.4
17.00 28.1 26.2 66.7 0.0 -12.0
18.00 28.2 26.6 729 0.0 -11.6

174



deyaiunlianmnadenaigia

o 2 = a ] -1 1
auzamnunssumaasiaznseanuuTauneadsy uriimendou 19 Gueln

U NOHETUA N1 28 WOAINILU 2556

175

guvgliona | geuqiigi Ui WBedd | quugl | vuwng
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%) taitoe)
06.00 225 23.1 82.8 87.0 -13.4
07.00 24.2 26.8 BO.6 85.3 -12.3
08.00 259 30.7 78.7 88.0 -12.3
09.00 26.0 29.0 78.4 54.0 3.8 WinsuIn
10.00 28.2 36.5 70.0 170.2 -10.9
11.00 31.4 42.1 63.4 203.3 -13.0
12.00 29.1 389 67.5 383 -12.7 !JJ"‘Nﬂ%!J
13.00 32.6 46.2 55.7 244.2 -6.4 LAat
14.00 32.2 47.6 54.3 159.9 115 | Wwsn
15.00 319 43.7 55.7 149.2 -9.2
16.00 3138 433 56.1 106.1 -7.4
17.00 29,1 36.8 67.0 2.6 -12.0
18.00 28.1 343 74.4 0.2 -11.6
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06.00 24.1 25.3 80.1 91.2 -13.4
07.00 249 271 78.4 98.9 -12.3
08.00 26.8 30.6 75.6 107.3 -12.3
09.00 262 30.8 78.4 56.6 3.8 Uisnnn
10.00 29.2 35.6 68.3 172.3 -10.9
11.00 319 46.3 61.5 220.0 -13.0
12.00 322 473 58.2 221.4 -12.7
13.00 32.8 49.5 56.4 2229 -6.4
14.00 323 43.6 55.0 46.7 -11.5
15.00 319 41.5 54.9 45.8 -9.2
16.00 32.1 41.1 54.4 38.2 -7.4
17.00 31.2 321 60.6 28.1 -12.0
18.00 28.4 29.5 733 0.1 -11.6
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06.00 19.7 18.6 81.1 0.1 -17.8
07.00 19.3 18.7 84.6 79 -12.9
08.00 20.0 20.5 83.0 338 -17.8
09.00 231 24.0 77.9 110.4 -16.8
10.00 25.1 25.0 721 111.1 -18.3
11.00 28.6 271 60.7 2343 -15.6
12.00 29.2 35.8 56.5 2239 -15.6
13.00 30.9 36.1 503 199.1 -10.7
14.00 324 37.2 47.6 186.0 -16.4
15.00 31.2 358 49.9 98.7 11.2
16.00 291 321 51.8 40.5 -174
17.00 26.9 254 66.8 3.0 -16.1
18.00 24.9 25.2 74.5 0.0 -14.3
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waidon) %) woidon)
06.00 19.4 18.4 84.0 0.0 -17.8
07.00 19.9 15.1 81.6 1.2 -12.9
08.00 19.6 21.7 84.7 6.2 -17.8
09.00 22.2 223 76.3 10.0 -16.8
10.00 243 225 60.1 11.1 -18.3
11.00 27.2 22.7 56.3 11.6 -15.6
12,00 29.0 237 57.1 13.9 -15.6
13.00 28.9 22.6 59.7 17.0 -10,7
14.00 28.2 21.2 60.0 19.5 -16.4
15.00 27.1 21.5 61.3 15.6 11.2
16.00 26.6 21.9 61.0 4.1 -17.4
17.00 25.8 22.0 62.5 1.1 -16.1
18.00 25.5 23.2 63.3 0.0 -14.3
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17.00 257 22.1 70.1 1.1 -16.1
18.00 241 19.3 71.3 0.0 -14.3
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17.00 27.1 34.0 60.9 4.6 -16.1
18.00 25.3 30.9 66.5 0.0 -14.3
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