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Abstract
Due to the development of civilization, the humans is privileged the rich of technologies for housing thermal
environment. But, this kind of technological development caused enough trouble of energy excessive consumption.
For solve this problem, many researchers strive to exploit the low energy sustainable techniques. For such a
reason, the eco—friendly techniques of vernacular house are resurfacing. These traditional techniques are applied to a
development of eco-friendly modern housing. They are no longer recognized as outdated products. On this context,
this study proposes an scientific analysis on the thermal environment characteristics of Neolithic thatched-roof
dugout hut(Um house).
So far the several studies have been carried out in viewpoint of the history and structural compositions of the Um
house which has been used as the normal housing for about 1000 years in the Neolithic era, however the thermal
characteristics analysis of the Um house has never been studied.
Um house is not a housing which has been composed by the scientific analysis or architectural design technology,
but evolved empirically over a long period. This study on the thermal environment characteristics of Um house
would provide basic information for the development of korean eco—friendly rural housing by korean climate
characteristics.
In this study, the thermal environmental characteristics of the Um house in the Neolithic era was analysed
experimentally. The results of this study could be summarized as follows:
.1. When the solar insolation and the ambient temperature in the daytime were 420W/m2 and 17C respectively, the
surface temperature of the Um house roof covered with the rice straw was 37C and that in the roof 32, and in
the conditions above the air temperature in the room was 15C.
2. When the ambient relative humidity was 40%, that in the room of the Um house 50%, and at the ambient
relative humidity of 90~100%, that in the room was 60%.
3. Through the experimental analysis, it was verified that the enthalpy and relative humidity is in an inverse
relationship.
4. In general the comfort degree in the living space is changed with the seasonal climate, also in this study, the
comfort degree in the room of the Um house in October and November was higher than that in May and June.
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Rural house standardization, Thermal comfort, Relative humidity, Enthalpy
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Figure 2. Scale and thermocouple installation points
Table 1. Detailed dimension of Um house reproduced
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Figure 1. Reproduction of neolithic dugout hut(Um house)
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Table 2. Measurement items and installation position
— _ - - Figure 4. Temperature variation of in/outdoor air of Um house
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Figure 6. Variation of in/outdoor air temp. and relative humidity(RH)
with time in Um house (Nov 14th, 2011)
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Figure 7. Variation of in/outdoor air temp. and RH with time
in Um house (June 13th, 2011)
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a9 113 o] 2011 59 25%¢] =

Aol AdiEmrt 100%Y W, Ao Fr]e du¥=
40kj/kg oA, olul AU HUlFEE 80%0A AW &
719] Adv = 46kj/kg ol ATk F3 2

T7b 8% R o, ojwf AU FolFEE 61%014 A
W F71¢ denE 124kjkg® 7HE E= T

=
vl—~7

Aol ddigE=et deve wstols B, Al A
FE7F 100%0 A1 48% = 52% sl dell mel Ao F7]9
AT = 4lkj/KkgoA A 132kj/kg= Fsd o, Au Ao
FLEE 81%lA 62%= 19% #astal Au F7]e] e
I &= 46kj/kgell Al 125kj/kg= 75kj/kg 78t @3S X
%t

70 160

60 o — 140
» W 120
5‘40 00 &
2530 ———— o E
= —*=Indoor En(kj/kg’)
¥ 20 =+=0outdoor En(kj/kg) €

0 —+—Indoor RH(%) 40

—e—Outdoor RH(%)
0 t t t 20

f— f—t f—t f t } .
6:00 9:00 12:00 15:00 1800 21:.00 0:00 3:00 6:00 9:00 12:00
Time (hr)

Figure 12 Variation of in/outdoor air enthalpy and RH with time in
Um house (June 9th, 2011)

20119 6¢¥ 9ol =43 A a9 128 Ayew, A
U AEEE 8~02% AR ¢ukslk Wals RoF9a,
ole} A AU Frle ALF= 128~138kj/kge] A
Wl e Har = AdEdA Au Fr1e des

-

Sshe 3~7Ael A AdRE 2F eE

o 3

B R R ot Al167 183 BEH52E 20149 29 39



HolFa gtk ol& Fa ¥ 113 3 ddig=e A

27 BT AAE P e AddLE £Ee] g

A & AUk

AU el Ao ret ddye] WS els B F3F 154

of el AulFErl 65%= wekew, oju AU AdFE

© 86%°1 L, AWl F719 AddE 57kj/kg®E e
Aol e ol =Tt 84%°l A

ot oFZF 2141 A 03A] &l
Bz Fed W Ao dddes 52kj/kgolA 48kj/kgE
sk ofmf A ddlsEs 90%AM &% SUF F

AlE Bolal gt

37 AWel F719 dds=<9 A2 (Enthalpy)}]
#A

711871l A= A A(D)= HF-AUA(u)
¢ wAH dAR FHHE= FEAdA(p v)o

ot 7
o oFoldt 2Aow AW, O-u+pvolth
ag)n WRUAE Jouleo] ©3to] Ewhe] ghEglo]
AFERoH, fFEodAE o F7IAe] A pv=RT
o Aoz H7 wEed fFEAlUA prvE 2k
ghel gl (R 1ol Ae AAAF) wea ag
9, O=0(7)& &=FF= ArhD
ojF It #L olBE AR AAVIAY e Adiell
A Wstets g dEde #ate] A, 4 A
st
70
60
3 50
2
g 40
ESO + Indoor Enikj/kg’)
.g = Outdoor En(kj/kg’)
= 20
w —— |4 (Indoor Entkj/kg'))
10
= X| 3= (Outdoor En(kj/kg’))
0 T T 7 T T

20 30 40 50 60 70 8 90 100 110
RH (%)

Figure 13. Variation of in/outdoor air enthalpy with RH
in Um house (May 25th, 2011)

a9 1304 B upel Zo] o HH(2011d 59 25
A FEFEst 0% 100% =2 S7kgel wel 97
o] gy 55kj/kgoll A 40kj/kgR HAaSR o, AUF
o] gy 58kj/kgoll A 42kj/kg® Aoz A
719 dgu)zt Aejgrle] deurct = vE e,
el F71FY ddsze dede vy #A=2
Epyk

1 133 2 AFH| AN 69 99 A5, st

wx of N
’ ;

(¢}

7) Michael A. Bales, Thermodynamics: An Engineering
Approach, Third Edition, W.C.Brown, 1998

40  sEEREsE R U 16T 15 £85235 20149 2¢

s

ey ete] FAE 1Y 149 o] BA AL

I 1404 B oupel Zo] Ao FulFrl 65%0l 4]
9% = FTUhsd we AeFrlel Ady= 60kj/kgol Al
47Kkj/kgZ FradtRa, 3 AUsre] dusE7F 85%
N 97%= Sk W, AUF71e Es = 58kj/kgell Al
53ki/kgE FraEo] HAeFrle Afrr Atk o] A
ANz AulgEe ddve AAE Ao BF uknE &
e Bt

)

70 +_Indoor Entkj/kg')

65 =  Qutdoor Entki/kg')
C, —— X|%= (Indoor Enikj/kg' )
5‘0: 60 l_ . [+ Jrkg
8 \.N X|== (Outdoor En(ky/kg'))
253 TR e
E 0 [] *f.

45 -

40 : .

50 60 70 20 920 100 110 120
RH (%)

Figure 14. Variation of in/outdoor air enthalpy with RH
in Un house (June 9th, 2011)

o
—
o

FdisEst dEdete] A

a o Ago= T 2
AEE Yo, &7 AuEEWsrt dxe mek o
27] i AFAE Was M2 o2 velod A
4 Age e S Bk a7 1594 B ke
Zol Auel Fre AdlHFErt 55%0A 100%= 713
v A9 A9Fre ddd i 60kj/kgol A 40kj/kgZ
rEtRon, 39 AdEr] A2yt AelErie de

i

=4
R L OaE

D o
(=2 |
*
K L
S &

Sy
55 &

A5 + Indoor Entkj/kg’] nn
" OQutdoor Enkj/kg')

X| 4= (Indoor En(kj/kg'))
-------- X| <= (Outdoor En(kj/kg'))

Enthalpy(KJ/Kg'}
wul
o

20 30 40 50 60 70 80 90 100 110
RH(%)

Figure 15. Variation of in/outdoor air enthalpy with RH
in Um house (June 13th, 2011)

a9 87 ¥ 9ol A YEl L lE vkel Zo] HAUlFE
o} &xole] 45 uknldE AAE YeER L 9lon, oA
AAE ddTlo] @3 o] 2o A] dEHE 2mukel 3
Fdo=w a9 133% 29 14, 283 19 159 e



]
{n

<0
oF

ool

)

o] wajs ojo} &

2 AlEF o

al

]

N

4. 8% 3 &

w ATl wle SR dom AU 3] T

.

i
=y
T
g
nze)

-

ﬁo
B

J

e

]

H
= 60%

TolA 4CT=
b= &
=

-5
A
)

YA FH ==
A

]
sk

1)
s

(e}

T 4

Al e

A e
_zr_’
o e 7]

=

54

T
sttt 9]7]&o]
31

7(]0
-7C=
7}

[e]

-

7] 17
[}

=

2l
=HTh 20CE

Hth 15

Eds
2

L
A

=
=
o

I

32C= 97
2T A

7

9|
Falar, §7]&0] —4TelA -137T¢<l oF

7} 90~100% =

1) 144174

—

2) ALH119)9 97 HFusErt 40%=

TCE

T

Tt
L

s

=T
T

c»
)
I

\
0 =, B
T

~
0

L

o o o~
0

I A 0

N

i =

(May ~ June, 2011)

(D . 05
=t

i
S w

T

i

T

s

e
0

Figure 16(a). Comfort degree of Um house

1,
1= S

)

s

Sea Level

-

o e .

0.
| =

3.8 Add nte HHx= A

Az

vke} o] 20119 5¥e] FAHH &

L

T

a% 16(a)elA B

+4 7]

3]

ta o, 64

A% Gefol s
=7t 37

&

)
)
Ajm
M

s}

o, e
_g]

<

]

=
7

57]_61-
w2l

o

Al
=

g]

d5H 11974

35

wﬂ

ol
N

i
i

I

R

=l
T

am

Seram
o AN

A

sto] sz g el e

[e)

e S B,

sk o) e s

M
o}

s = BAlA

(October ~ Novernber, 2011)

Figure 16(b). Comfort degree of Um house

i
N
uy

k3

L
HO

A
=0

m
o|
£

)
_—
o

o
il

=
c
W

0

B
T
)
2
7

BK
N
K

i)
1
A
=

S

K3

vpep o] ZhEH 1093 1147l

L
L

238 16(h)olA H

T AT

oo

HgstaL, 2

=t 5492
ol o gkt 1140

o

Br
o
b
™

)

= 3/4

~

)

R

X3

N

o))
.AO

2
41

20141 2

Fach 10~11€el= =5 A
=

[<)
w3 All6d 15 $352

il

3}
Ao whel A ¥

5) 7]
i R A S R

3

o

7]2-0]

L

L



T 88 A-=e HE stdov, 5~6€9 3 AW
HAEE 10~11€A] B @ FF AHEE B
th 7] w7 AAEE FHA77] SEA Adss
E AN 5 de weke] RAEoo & ZloR AR
=N

AR FRE DAFAEN TF A8, Ao
g FAoth v} FABR Wal oY A WelAq 2
AH EAEE 20 Qou, 1 BT oshe] Ag
e 9 Zed SUA sk e olel A olde
M ee FAT F Atk A7) A 2h P
#4e ANA £29 AFHE] o AY FABY U
Aol glol ARAH AAUA FAZ AwE & g
AARE D Qe Ao Audn

GO, 0 ABOE ool WY Yo | AR
Fom THE 4% neAd 443 2 A9 542
g3t AL Bl Uutsy muwe APt A
A4 DB FEFY BEdd /AT ¢ dE ARE
A 5 92 Aoz Ard.

AnEd

1. Michael A. Bales, Thermodynamics: An Engineering Approach,
Third Edition, W.C.Brown, 1998

2. Michael J. Moran Fundamentals of engineering thermodynamics,
6th Edition, WILEY, 2008

3. Fitch. J. Marston, Branch D. P., Primitive architecture and
climate, Science American, 1960

4. Norbert Schoenauer, A% <, 3-6000d QAFFAL <A}

¥, = A9, 43k, A2, 1983

5, H1AdE, 28 O 3Ed RS, FEAL 2006
g, @

A

N
ro, N of

, 5 A, E5hAl, A18%, 1985
10, 994, $49 BRsh WA, @Fumsh, AIT-1834,

1L AR, F94, A7 ee) Fxsh wAd B A7,
et Ests] =74, Al14d 10%, 1998

12, 7R, A87AY ghe B ejn), ckelmaet 103,
2011

13. BAA, v AA2eE avge] 27 FAZAIYL AP
2O AT, S Ess =84 A2749 5%, 2011

14. BAA, 5w Ayt AFUE S AL et F7 g3kl 3
AT, FTsEAFsE = A4 43, 2012

15. M. K. Singh, S. Mahapatra, S.K. Atreya, Solar passive
features in vernacular architecture of North-East India, Solar
Energy 85, 2011

16. R. Manriquez, V. Fuentes and L. Guerrero, Traditional

)
)
=)

architecture and bioclimatic design-case of study: Tecozautla,
Hgo. Mexico, 23th Conference on passive and low energy
architecture, 2006

17. Tawfiqg M. Abu-Ghazzeh, Vernacular architecture education in

42 Bk EsEE e A6 13 59525 20149 29

the Islamic society of Saudi Arabia: Towards the development
of an authentic contemporary built environment, Habitat INTL
21, 1997

Fedat 2014 1. 10
AAREE 12014, 2. 20
A&7 2014 2. 22



