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## 5473385425 : MAJOR ARCHITECTURE

KEYWORDS : VERNACULAR HOUSE/ ARCHITECTURE/ THERMAL COMFORT/ ADAPTATION
SADSADA INTHAVONG : TERMAL COMFORT AND TRADITIONAL ADAPTABILITY OF
LOCATION: A CASE STUDY OF VERNACULAR HOUSE IN LUANGPRABANG AND
SAWANNAKHET PROVINCE. ADVISOR: ASST. PROF. VORAPAT INKAROJRIT, Ph.D.,148 pp.

The present study aimed at investigating physical characteristics of local houses in Laos in
regards to thermal comfort. Data were collected by means of field observations of houses,
photography, analysis of architectural patterns, use of space, use of local construction materials
which influence thermal comfort, and adaptability of location so as to propose guidelines on how to
apply the findings for architectural development in the future.

The study findings revealed that local architectural characteristics are designed to promote
thermal comfort. The research was divided into three parts: the design incorporating a raised gable
roof with long eaves extended from the structure, an open space under the house, and a natural
ventilation system; use of space which could be divided into two main parts—use of upper floor
space to rest and sleep mostly at night and use of lower floor space (open space under the house)
as a public space for daytime activities; and use of construction materials to promote ventilation. A
comparison of different materials used showed that houses built with bamboo walls had a lower
inside temperature than houses built with other construction materials when the outside temperature
began to decrease from 03:00 p.m. to 08:00 a.m. The lowest inside temperature measured was
19.97 degrees Celsius, and the highest relative humidity was 97.00 percent.

Furthermore, it was discovered that adaptability of local residents was another factor
influencing thermal comfort. The adaptation methods regarded lifestyle and included activities,
clothing, and movement between inside and outside the house to ensure all-day thermal comfort.
The study findings were consistent with thermal comfort of local housing. Based on the study
findings, guidelines for housing development can be made. It is recommended that when
considering natural ventilation, the composition of local houses should be taken into account
including a raised floor, an open space under the house for airflow, a high roof with air vents
underneath to reduce heat radiation and transfer of accumulated heat in the roof, a long eave to
prevent sunlight from contacting the walls during the day, and an open channel for continuous
ventilation such as use of a louver for ease of airflow, as well as creating favorable conditions
surrounding the house such as growing trees for shade to ensure cooler air around the house.
Department : Architecture Student’s Signature ..o

Field of Study : Architecture Advisor's Signature ...

Academic Year : 2555
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2.21.1 auundaInIA (Air Temperature)
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2.21.2 ANMNTURNNNE (Relative Humidity)
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2.2.1.3 AMALTIAN (Air Velocity)
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B399 2.1 AaEaNTLA N ANy

AYINITIAN AYNGAN
<0.25m/s Taf5Aninfan
0.25-0.50 m/s fanala
0.50 - 1.00 m/s 5Anandan
1.00 - 1.50 m/s FAndnansunou
> 1.50 m/s FAndnansunauNan

AN Auliciems,A., Szokolay,S V (Thermal Comfort, PLEA Note3. Brisbane

: University of Queensland,1997), 14

"ﬁmqﬂmmnmmqﬁ 2.1. (Auliciems and Szokolay, 1997), 14 “LAPNLALIN
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agtiamsatlsziiumiluaunielu  visanieuenains  uLazanIweINIARaednseu

puneenels [y d1aniAsan AHEEaN 1 m/is AaNann lEEluAnalald dqu
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2.2.1.4 NNTUKSIAANSAY ( Radiation Exchange )
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A13799 2.2 ﬁmuqumw’é@ummLﬁﬂmmmm\ij (Fanger, 1972).
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NIFLRINATTYARIS19NE (Metabolism)
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Aangsu Met W/m? | (Btu/h.ft)
UAUVAL 0.7 40 (13)
WNEAU UBLLAULULREN 0.8 45 (15)
anseuuuEng e1umisde 1.0 60 (18)
2y 1.2 70 (22)
VLN Y Aeuniiede Fuauie 1.7 100 (31)
289 AT

Fautinu sisesineuiuATesile 20-3.4 115-200 (37-63)
Fauii Fadeenusamnngnng 4.0-4.8 | 235-280 (74-88)
waelan nsutedifivh 7.0-8.7 410-505 | (129-160)

P ASHRAE, Standard 55-2004, Thermal Environmental Conditions
for Human Occupancy,American Society of Heating, Refrigerating, and air-

conditioning Engineers, Atlanta.1992, 15

=)

2.2.3. AauilsLd3n Nine29ag (Contributor Factors)
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AHTTRANNEANALNANNAIUUYNAY PMV (Predicted Mean Vote) azuaniiieNAnlads
nslummaasaudsulugetnialfianinzuinfenihontiuwingi usldamisouanlidnaziaun
e @ rdlazd 1 o :/I =® v o/ o & 1 1 o 1 & L
wWasdusinanluaung AiFanger, 1972) aslimmonuduiugsendngan PMV fuadlefidus
pNgantiaune PMV st ldiiuneansianaesaudoulunjindianuianseunuiatingle
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1o a Y o -dl o % 1 a a 491 v dl 1
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o 1

PPD (Predicted Percentage of Dissatisfied, PPD) %'\‘1mmauﬁﬂmu’é@mzmmﬂumjﬂumﬁ'
anansnAalisnagsinianngednauiverunie lanminadesfitnnnduleiasduann
HANIAUNALAASAN PPD LauAne PMV i:ﬁuﬁﬁﬁqmﬁ PMV /iU 0 5984z 5 78497194
UsznnsazianTaiionela uazwilesziuiinlue PPD azifindustnasnisa dailfildannms
Apmzd PMV-PPD fginsiiugilunismanziuaniazinains uagldgnaniflunasgiusssy
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Coal
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LY z
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20 15 10 485 0 05 1.0 15 |20 PHY

AR 2.2 ANENRUFIT1919A PMV kazAN PPD (Fanger, 1972)

2.5. LA NALU18 (Comfort Zone)

AINNNINLNIUITTUNITHANIUTULADY - an1aziaunetiuazsiiniuaIngnswa lunane
Foudsfiaeiu e liiiiaaauiinlaatnsdirenafnetaziliusoutlsfnuguniieannis uazas
Wansanfnesautlsgunniluainia ( Air Temperature ) ANTUANANS (Relative Humidity )

memmmﬂL%\imm?”i@uslugﬂmm Predicted Percentage Of Dissatisfied (PPD) LRA3MNALNE
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( Comfort zone ) LHUNNIANHIMNTINVEIGUUNN ANNTUANINS UATAINERUTANNZANT
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WHUART 2.1 UHBRan19zUnau2 bioclimatic chart

. Olgyay, V., 1963, Design with Climate, Bioclimatic Approach and Architectural

Regonalism, New Jersey: Princeton University Press.
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ANNAINTIA L UAINIAURINNT UG

AN RBINIATEINANNIZLNNANAINIRed njau 289819 e ngnauudendos
Y oy °c aw 1 ¥ o o = o = £ o
yunfensnu M lireulineduly annsquazdunniRaslfigninenianasanezung i
wanuaulng-a1enaanimEsyenl teduaiald deuluainasanefigninenanduiiins

P ° o 1 4 e o a =~ 2 A =
WIHLAURNI-LILAUTNNTLNDE LIUNU ‘I_E‘N’]muqNulﬁl@ﬁl[5]@@mﬂﬂl@ﬂﬂ@QQWizquQQNLWﬂ\‘i 100-

150 HaawAswinty andeyanisdnsaningienniAtesiundimaiiluaiamensuwstl 1998

a

audistl 2011 AlFannsugaiiasanen arunsauasslissiunisilasunlasaasaninainidé

(%

Sama 1T

A1919 4.1, goMNRBINARAYEIRA 19999 TANAINTTLNg 11Tl 1998-2011

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

1998 | 30.4 | 33.1 355 | 343 | 340 | 329 | 311 | 329 | 33.0 | 338 | 30.8 | 295 32.6

1999 | 28.9 | 33.1 36.2 | 354 | 328 | 32.8 | 333 | 309 | 321 | 31.7 | 29.7 | 239 31.7

2000 | 295 | 299 | 335 | 35.0 | 320 | 31.7 | 31.7 | 321 | 31.2 | 313 | 29.7 | 293 31.4

2001 311 1 330 | 315 | 362 | 322 | 33.7 | 30.3 | 326 | 322 | 31.6 | 274 | 27.2 31.6

2002 | 26.3 | 311 332 | 368 | 3356 | 321 | 299 | 30.8 | 31.8 | 314 | 278 | 27.0 30.9

2003 | 26,8 | 30.3 | 323 | 345 | 36.0 | 33.0 | 338 | 328 | 33.1 | 33.0 | 31.0 | 285 32.0

2004 | 29.2 | 309 | 36.3 | 363 | 334 | 327 | 321 | 323 | 320 | 31.0 | 293 | 26.7 31.8

2005 | 281 | 345 | 332 | 359 | 354 | 329 | 334 | 309 | 328 | 325 | 304 | 263 32.2

2006 | 299 | 324 | 348 | 354 | 33.7 | 363 | 320 | 322 | 323 | 322 | 316 | 29.2 32.6

2007 | 291 | 324 | 351 334 | 33.7 | 356.0 | 339 | 332 | 326 | 31.3 | 284 | 29.7 32.3

2008 | 296 | 27.0 | 322 | 33.8 | 334 | 327 | 311 | 322 | 332 | 323 | 291 | 271 311

2009 | 279 | 343 | 343 | 340 | 356 | 33.1 | 322 | 33.8 | 33.3 | 33.5 | 30.2 | 29.0 32.6

2010 | 30.3 | 342 | 34.0 | 375 | 359 | 351 | 341 | 33.1 | 334 | 324 | 31.2 | 29.2 33.4

2011 27.6 | 331 30.7 | 33.7 | 332 | 325 | 327 | 322 | 323 | 320 | 29.7 | 26.9 31.4

Mean | 28.8 | 32.0 | 341 353 | 336 | 33.0 | 320 | 319 | 323 | 320 | 29.7 | 275 31.9

(4) A : NINgRULININEN UATUANIAENAY 1szindann , 2555
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A7 4.2, @qmugﬁmmﬂLfaﬁlﬂﬁﬁqmmﬂﬁqufﬁwuawwa?xuw Tt 998-2011
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1998 14.8 15.7 18.8 | 214 237 | 242 | 23.7 | 244 | 229 | 20.5 174 | 154 20.2
1999 15.0 16.9 174 | 23.1 228 | 236 | 242 | 236 | 229 | 228 19.3 12.2 20.3
2000 14.8 15.0 175 | 22.5 231 245 | 242 | 241 227 | 21.5 16.4 | 16.0 20.2
2001 16.3 16.3 | 20.3 | 229 235 | 23.6 | 236 | 23.7 | 23.1 225 159 | 1565 20.6
2002 14.8 16.9 184 | 20.8 238 | 242 | 235 | 232 | 23.0 | 20.7 18.7 17.9 20.5
2003 15.1 16.3 184 | 21.7 22.7 | 240 | 234 | 23.7 | 231 21.2 17.0 12.7 19.9
2004 13.2 14.2 182 | 21.3 230 | 23.2 | 232 | 236 | 228 | 20.0 179 | 12.6 19.4
2005 13.5 15.2 174 | 20.6 227 | 239 | 234 | 23.0 | 231 21.5 191 14.6 19.8
2006 13.7 16.7 19.3 | 22.0 223 | 241 243 | 239 | 228 | 21.8 17.8 14.2 20.2
2007 13.7 13.4 18.0 | 21.6 226 | 241 24.5 | 241 230 | 21.0 16.3 16.2 19.9
2008 14.3 15.3 185 | 22.2 231 240 | 23.8 | 239 | 234 | 221 16.8 13.5 20.1
2009 124 15.8 185 | 21.5 23.7 | 2441 241 238 | 234 | 224 17.2 15.6 20.2
2010 16.7 14.9 18.0 | 224 246 | 24.8 | 241 241 238 | 215 16.6 16.9 20.7
2011 14.9 15.7 17.7 | 21.2 232 | 23.7 | 239 | 23.7 | 238 | 21.3 17.3 14.7 20.1
Mean | 146 | 1569 | 184 | 21.8 | 23.1 | 239 | 23.7 | 23.7 | 229 | 214 | 17.7 | 145 20.1
A139 4.3 mw%aﬁmﬁmﬁmﬁﬂqa@mmm@”@uﬁmumqwazmq 11111998-2011
Year Jan Feb Mar Apr May Jun Jul Aug | Sept | Oct Nov Dec Annual
1998 98 96 96 97 97 97 97 89 97 98 98 97 97
1999 97 96 96 97 97 97 97 97 97 95 95 93 96
2000 94 94 94 93 95 94 95 95 96 96 95 96 95
2001 95 93 94 95 95 96 96 96 96 96 95 95 95
2002 96 96 94 96 96 96 96 96 96 97 98 98 96
2003 97 96 95 96 96 96 97 97 98 97 96 97 96
2004 97 95 93 95 96 96 96 96 96 96 96 95 96
2005 95 95 95 95 94 96 96 96 96 96 96 96 95
2006 96 96 94 96 96 93 96 97 96 96 96 95 96
2007 95 95 95 95 96 93 96 96 97 96 96 96 96
2008 96 95 95 96 94 96 96 96 96 96 96 96 96
2009 96 95 92 94 93 93 96 96 96 96 96 96 95
2010 96 96 93 93 95 95 96 97 96 95 96 96 95
2011 96 95 93 95 96 96 96 97 96 96 96 96 96
Mean 96 95 95 96 96 96 96 95 97 96 96 96 96
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B9 4.4 ANTUAN SRR AR T AnAte NIz LS Tl 1998-2011

Year Jan Feb Mar Apr May Jun Jul Aug Sept | Oct | Nov Dec Annual
1998 42 30 29 46 57 63 73 69 63 54 53 45 52
1999 52 40 31 53 65 69 71 74 67 59 57 46 57
2000 41 40 33 42 57 62 63 62 61 58 49 47 51
2001 42 31 48 43 61 56 69 62 58 59 46 49 52
2002 47 35 34 33 54 63 74 68 64 61 66 66 55
2003 62 46 45 47 48 61 61 69 65 58 48 41 54
2004 42 40 30 44 62 64 68 68 69 61 56 50 55
2005 50 34 41 45 50 66 62 73 65 59 60 59 55
2006 51 46 47 53 58 55 69 71 65 62 50 44 56
2007 43 32 38 50 58 57 59 68 63 61 51 47 52
2008 48 52 48 57 53 63 70 65 61 59 54 48 56
2009 39 32 37 46 48 62 65 61 58 57 49 54 51
2010 47 35 36 39 51 56 56 64 60 54 42 53 49
2011 49 35 44 50 59 68 63 64 64 55 53 50 54
Mean 48 38 37 45 57 62 68 68 64 59 54 50 54
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A9 4.6 AnMOHeNARALQIAAIBIAIT A iuLziae T1Tl1998-2011

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov | Dec Annual

1998 327 | 334 | 364 | 36.2 | 354 | 334 | 33.0 | 322 | 30.6 | 315 | 29.8 | 28.7 32.8

1999 28.3 | 31.1 36.2 | 343 | 31.8 | 327 | 31.7 | 318 | 31.2 | 31.7 | 30.2 | 254 31.4

2000 30.3 | 30.3 | 34.1 327 | 314 | 303 | 27.7 | 29.3 | 30.7 | 31.3 | 28.8 | 28.6 30.5

2001 309 | 315 | 325 | 364 | 316 | 306 | 313 | 312 | 314 | 320 | 28.8 | 29.0 31.4

2002 30.0 | 329 | 35.0 | 36.6 | 343 | 334 | 31.2 | 306 | 30.7 | 323 | 30.8 | 31.6 324

2003 29.6 | 33.1 333 | 36.3 | 354 | 333 | 328 | 319 | 314 | 318 | 31.3 | 28.2 324

2004 30.2 | 288 | 345 | 353 | 343 | 325 | 315 | 313 | 31.3 | 30.7 | 31.0 | 29.2 31.7

2005 | 298 | 34.2 | 338 | 34.7 | 345 | 323 | 31.5 | 304 | 315 | 314 | 30.7 | 27.2 31.8

2006 312 | 318 | 345 | 344 | 344 | 339 | 30.7 | 31.1 | 325 | 30.8 | 32.2 | 28.9 32.2

2007 | 29.1 | 33.1 348 | 357 | 336 | 33.1 | 328 | 31.2 | 320 | 29.6 | 28.0 | 30.0 31.9

2008 | 279 | 26,5 | 329 | 339 | 29.7 | 30.8 | 30.8 | 31.0 | 30.1 | 31.0 | 285 | 26.8 30.0

2009 | 27.0 | 34.1 33.7 | 342 | 321 | 324 | 304 | 305 | 30.8 | 31.5 | 30.7 | 29.4 31.4

2010 30.0 | 342 | 363 | 36.0 | 33.6 | 33.2 | 33.0 | 30.0 | 31.3 | 29.2 | 314 | 30.0 32.3

2011 275 | 316 | 303 | 342 | 340 | 320 | 316 | 306 | 296 | 295 | 304 | 27.2 30.7

Mean | 29.6 | 31.9 | 341 35.0 | 333 | 324 | 314 | 309 | 311 | 31.0 | 30.2 | 286 31.6

© 7N : nsugATianAnen wamaNReau dszinAang , 2555
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AT 4.7 ANMOHeINARAEANGALeI3 N IRA T LWz 11T 1998-2011

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov | Dec Annual

1998 18.7 | 21.0 | 239 | 2564 | 269 | 26.2 | 26.1 246 | 245 | 21.7 | 195 | 164 22.8

1999 163 | 164 | 238 | 242 | 245 | 256 | 2564 | 254 | 243 | 232 | 19.6 | 14.6 21.9

2000 168 | 16,6 | 209 | 233 | 239 | 235 | 216 | 222 | 228 | 221 16.3 | 16.5 20.4

2001 175 | 171 211 262 | 241 241 245 | 2560 | 23.8 | 225 | 171 16.3 21.5

2002 146 | 179 | 222 | 244 | 249 | 259 | 248 | 245 | 244 | 222 | 189 | 19.0 22.0

2003 151 194 | 214 | 256.0 | 258 | 26.1 265 | 249 | 245 | 215 | 19.0 | 156 22.0

2004 16.1 164 | 212 | 237 | 263 | 264 | 242 | 262 | 235 | 195 | 186 | 14.7 21.2

2005 148 | 202 | 203 | 244 | 264 | 256 | 249 | 248 | 248 | 222 | 206 | 16.3 22.0

2006 16.2 | 183 | 224 | 242 | 243 | 259 | 251 260 | 242 | 224 | 20.7 | 16.3 221

2007 16.7 | 187 | 233 | 241 247 | 258 | 25,6 | 248 | 241 221 16.8 | 17.2 21.9

2008 13.6 | 13.1 186 | 22.7 | 225 | 240 | 238 | 244 | 23.7 | 225 | 18.8 | 145 20.2

2009 132 | 194 | 222 | 235 | 233 | 248 | 242 | 235 | 232 | 21.0 | 17.8 | 15.0 20.9

2010 17.0 | 20.8 | 214 | 243 | 23.7 | 243 | 246 | 23.7 | 23.0 | 191 18.0 | 16.4 21.4

2011 13.7 | 16.6 172 | 21.8 | 245 | 247 | 242 | 243 | 241 213 | 193 | 147 20.5

Mean | 1565 | 17.9 | 21.4 | 24.0 | 245 | 2561 | 246 | 245 | 239 | 21.7 | 186 | 16.0 21.5

PN 4.8 ANNTUANNN S LA E494AD999n T DAz TuLz 16 11T]1998-2011

Year Jan Feb Mar | Apr | May Jun Jul Aug | Sept | Oct Nov | Dec | Annual
1998 97 94 90 92 94 93 91 92 95 93 91 91 93
1999 88 90 85 87 90 90 89 89 89 ) 90 85 88
2000 89 95 88 90 92 91 91 89 90 90 88 89 90
2001 89 87 86 83 88 89 87 88 87 87 87 85 87
2002 9N 94 9 92 93 93 94 96 95 93 91 92 93
2003 94 95 94 91 91 96 94 98 99 95 94 94 95
2004 98 98 94 95 92 90 94 94 91 94 94 94 94
2005 93 92 90 91 93 94 96 95 96 95 96 93 94
2006 96 96 94 95 94 87 95 95 94 94 92 94 94
2007 9 92 87 87 93 89 94 94 97 94 93 95 92
2008 94 94 96 93 96 95 98 98 98 97 95 96 96
2009 94 94 92 93 96 95 97 97 98 97 97 97 96
2010 96 95 89 90 94 94 94 96 95 97 95 95 94
2011 94 94 92 91 92 94 95 96 96 94 97 94 94
Mean 93 94 91 91 93 92 93 94 94 94 93 92 93




58

B39 4.9 pNTUANSIRAEANg TR i nasnduuziLe 11Tl 1998-2011

Year Jan Feb Mar Apr May Jun Jul Aug | Sept Oct Nov Dec Annual
1998 38 41 39 41 50 59 59 65 72 59 53 50 52
1999 42 39 40 50 64 63 66 63 63 56 54 48 54
2000 35 46 37 55 64 65 68 64 63 58 46 47 54
2001 42 41 48 46 60 66 66 67 64 58 47 46 54
2002 43 46 49 49 62 69 73 76 71 55 53 49 58
2003 42 44 47 48 52 67 64 73 72 57 47 47 55
2004 48 55 46 51 58 60 68 71 67 51 48 41 55
2005 40 42 47 53 58 68 72 75 69 59 58 56 58
2006 43 49 51 57 56 62 74 75 60 63 51 49 58
2007 45 39 49 48 58 63 66 72 66 68 53 49 56
2008 45 50 44 50 66 69 68 70 73 64 58 54 59
2009 45 41 50 54 62 66 71 71 68 58 51 44 57
2010 a7 44 40 47 57 61 62 71 66 69 55 48 56
2011 46 43 49 46 53 70 71 74 77 52 57 52 58
Mean | 43 44 45 50 59 65 68 70 68 59 52 48 56
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