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A study on the thermal insulation performance through the analysis in the
Lightweight wooden structure of rural areas

- Cased of Inje-gun in Kangwondo, Korea -
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Bae, Woongkyoo - Yun, Yongwoo - Jeong, Dongseop -« Kim, Owen

Abstract

The situation of current heat-insulation property of the rural housing in Korea has been
identified as very-low, and the applied technology and construction is building in the
vulnerable conditions, so the cooling and heating loads are high. This study aims to promote
the affordable housing space for the resident of the light weight-wood flame rural housing,
and to suggest the heat insulation property improvement plan of the low energy light
weight-wood flame rural housing. Results of the study, in the case of a general rural housing,
the average value of the whole is 0.13, in the case of a lightweight tree structure rural
housing, heat loss of 0.02 the average value of the whole is close to 0 is less TDRi of
thermal insulation performance of rural housing, also found that the thermal insulation
performance is high. And show that it has a heat insulating performance lightweight housing
tree structure superior general rural houses, which confirmed the potential of the structure of
light-weight neck in terms of thermal environment. This study has significance to promote the
feasibility and the alternative of the light weight-wood flame rural housing which can improve
the heat insulation property by low energy and can be covered by the resident of the rural
housing economically.

7/ g £ - 5EF, CiY, ZYRTE UEBLSAHIS(TOR)
Keywords = Rural housing, Thermal insulation, Lightweight wood-Frame Construction, TDRi(Temperature
Difference Ratio)
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Table 1. Features of construction methods and material in modern rural housing

Section el Wa!l Reeiing Roofing materials Bu_lldlrfg Remarks
structure materials structure solidarity
. Wooden/
Cement DEZ?T:Ztr:n Light-weight| Slate/ Tin plate/ Mainly Remodglkljizser;nk:iyAnnex
Block . iron framed | Steel sheet/ Slabs 1970s ‘g !
plastering Evanishment
& Concrete
Cement
Cement plastering 1970~1980 .
Construction Block Decoration Slabs . Actually Evanishment
methcc;ds Block Exposed Cement-roofing
and Decoration | Concrete tile Good Waterproof
Materials in
modern Concrete Blok IBis Sheek 1980s Performanee
Outer-Heat Disadvantage for Health
rural § : :
: insulation & Environment
b d Wi Single Asphalt
Western- Wooden estern- ingle Aspha ; ‘
Wooden /Siding Wooden /Steel Sheet 20005~ Mainly for Idylic Houses
‘ ‘ Sandwich ‘ ‘ Sardvich Pandl] PrefabrlFated Housing :
Light-weight Panel/ Light-weight| . Alternative to the heat
; . Single asphalt/ 2000s~ . .
iron framed Block iron framed insulating weakness
. Steel sheet .
decoration housing
W ZEQ RO SRS U, AME BEX 52 QoU FEHL, 9% 5 UaFomot AB
FEE F= 1970U00] AEEJAEE AR, Al SAH] tiet 452 HEEeR ORI A= A
HEDREe HAet m/deEaIagiEe] A5+ Folth
= B SHOIE, g, %] darid AESgEg dEEAR] 49 720] Tt 71EE oLt
Sde et AHE #HEx sEFEE dEdsd diide GErEQl ofuRjEer A
1970~198081 = AFEQICL @sdlE A £8 F80kl As AFoUL BEe] HEEat &
9] MEHRA B ol aig=nh 2000t OlF ARl AF=0] AlFa tiedd, 8EHE S0l U
o= Mol BTEC AEITO) sEFH0 & 8 AN 98, HNB U= AN vk T
= AgE s, A 212E JEFEe RS, FckBol s ALl v, Hig dEke o
SHe= Ho] A1 o, dEEsre v & S i, # B & 52 AYE d5E B9
O] Fefet 7IE sEFEY tiles 543 &7 9 E¥RET™ 7E(Table 2) = HIEA &7
sk QI S Eal QRARIOR TAH0] At
Hare] 55 270l tieh W& Table 30ICE
2. AYFx sEFH} THEEs 53 71ES] 71Ee TImle] FA 71Eo] met A 2
AlZel golghe flall HEMel 55 BRE Sl
=AEE g A9H9) A5 SEUEA 256 tadso) 81 201 52 ARAggs
Bl ASRE oFAROIA Aol Tiet 7IE B o7 diFgoRs, ARTEe BXS ALES
ST ZXEL Zgdol gt dirE Ve AR A 553 BRE UeR|o) 7 uet the
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Table 2. Classification of insulation material

Range of Thermal
transmittance Insulations by
Class| (KS L 9016’ 20%5°C test KS M 3808, 3809 & KS L 9102
conditions)
W/mK kal/mh°C list of reference
- Extruded Polystyrene Form Insulation (Special type, nol, no2, no3)
— EPS 2-jong (nol, no2, no3, nod)
A | below 0.034 0,029 - Hard Urethane Form Insulation 1-jong (nol, no2, no3) & 2-jong (nol, no2, no3)
' - Glass wool Insulation 48K, 64K, 80K, 96K, 120K
- Others of below thermal conductivity in insulation 0.034 W/mK(0.029 kd/mh°C)
- EPS 1-jong (nol, no2, no3)
- Mineral wool Insulation (nol, no2, no3)
B |0.035~0.040]0.030 ~0.034 |- Glass wool Insulation 24K, 32K, 40K
- Others of below thermal conductivity in insulation 0.035 ~ 0.040 W/mK
(0.030 ~ 0.034 ka/mh°C)
- EPS 1-jong (no4)
C |0.041~0.046|0.035~0.039|- Others of below thermal conductivity in insulation 0.041 ~ 0046 W/mK
(0.035 ~ 0.039 kal/mh°C)
- Others of below thermal conductivity in insulation 0.047 0.051 W/mK
D [0.047 ~0.05110.040 ~0.044 0.040 ~ 0.044 kal/mh"C)
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Table 3. Thermal transmittance of the regional buildings (w/m - k)
Region s Southem L.
Part of the buildings Central region region** Jeju island
Exterior Directly contact the outside below 0.270 below 0.340 below 0.440
living room Indirectly contact the outside below 0.370 below 0.480 below 0.640
Roof on the Directly contact the outside below 0.180 below 0.220 below 0.280
uppermost Indirectly contact the outside below 0.260 below 0310 below 0.400
B Directly contact Floor heating below 0.230 below 0.280 below 0.330
Floor of ll\i:g the outside Not floor heating below 0.290 below 0.330 below 0.390
room on the
- Indirectly contact Floor heating below 0.350 below 0400 below 0470
the outside Not floor heating below 0410 below 0.470 below 0.550
Floor of floor heating below 0.810 below 0.810 below 0.810
Directly contact | Apartment building below 1.500 below 1.800 below 2.600
Windows the outside Except APT building | below 2.100 below 2.400 below 3.000
& Doors Indirectly contact | Apartment building | below 2.200 below 2.500 below 3.300
the outside | Eycept APT building | below 2.600 below 3.100 below 3.800
*EEXG  MEEEA, AHFAN, A7\ E, ZRZEEAL SEAL HZAL HHAL LT, LT ML), SEE(EST
M) SEHEEAAD, dEEEED)
o OHEAY  RAAA, AN, FFFAA, HEFGAL SHZIA, ZAZEEAL SHAL SEAL AHAL DEE,
YD), SES(YSD) SEHHEAA HeD), Hetge, Hetde, dYEE(EET M), d4EE MESERKIA
24 Q) 3920092 S mAESIRAE 91 I YUHE 9 ATBAZ EAEZENO|
o BgHEdade] UHoURaH) 582 18 oMl HEIEAL
Sl OfEfE 212912012)2 FHAIE E19]h]e]
Tlds B QRS0 et O7E THESIRCH, 1. SEkEAL 712
20122 WAHsHRAe] A3E F5 24
A Gal Qe UEIYS MAISHACE 1) EACHAF MA
OlEIEt HeiT] BAS Ea) VIE mEFEC _
IeiE IS SAS BR VIS SERSE w o) oy o Bamae mes
o=0] TS ZO siwzsE 5t 25k .
R 05} dckeoln, ZEE s .
Of wAE A HCro, sEFE SR8 gy om0) 4 eevElols @i w120l
2 LIYAS0] FAIS =E el R=Rasiiil)=- =] _ _ o
WS Badse) uuE T A RO T kg vt asm gloiel exxE was)
@) =] = = =]
[@] A= AH = L= Z=Z=EHO _
HO I 5 (SN o
FQ HHMEA, FE dF, M) Hddss = RUS RN AR HE 22 Ej) 3
A= HAF] Z0] 9 ==ZEHO
EOEQE ’L'?/S]uol':ﬂ ]1__‘7] Ei_l— o‘ﬂ_‘“l‘Eﬁr] E}Oja %EOE leﬂ:ﬂ} ljo:_i_u gg ]C_@B]'gi]j'
i HAS =
S5 HECHRORK SESTE SEREE gy azzo 9w Xz A 3 o)
ASALE FHEA TN Bers AAIBH = = = =
AR AN B TS RIS g vz raiseies ggeisE ke
HojHd 71E ¢ APEE= ol
ORI ARS St A S O, o S0 BEFAO], FAPRIE 20149 22

139



TEOSOCHBTRAE g@THREHTS ®E o E
e AL bW ﬁ@d%LW%%m i Epm
Boads  Kx W 5 "% 1 oAl X0
el - e - SN e 2 TS HEBFpI W R E o
Rl g OBy ® e p B gl ___,AA_:o a5
2 Tele B g sl aHEY G tw g
],@l@_.«l,‘wouog O.E‘Llwl___mt_/ﬂu_*.%o;OEQEA_IWO mmE.lel
B e oWy $e 5l N DR o & gL o
codcz g KGHEE S RN R gnT Rl HE
LRGNNSR N (o il 3 = RN
%%QLEWE @Wm&mﬁmx]#i%j%@ﬂeﬁﬂﬁoﬁw@
cho__oMW%W%&E@E@NL_Omvﬁﬁ/@Wﬂ@ﬁ%%%
HECR jd e pdun FOH S e R RERE
mm_x%vomm__}o%mogﬁk%#i_x_ﬁmﬁ@ﬂ:#]a_gﬂﬂmg
IR Sy Aok S-S T S
e = - e T ==
SRR RS E-0E NiE RS A S L
AR @ ooz g HREHE L ET N oy my
Trgowan Tdsm g ® T g™ ﬁomwmekﬁ Z %
DU WmRKHBTRE®ST SRl dn SEEG
c | x= R % & Mo %0 H i o K- N K

s 1% . - m K ~ K = 1) :m o N

= [92| &2 e8| = W0 oHo

g S| | 5 o/ W 7= o ol

5 So | 28 | E ~ ol O Ko o7 w0 ﬂ@@i_o
- T o 1K

s |80 | sg|sE|lehT Twke R

g |57 €3 |55 |3 =% wor N el
§lEg) |7 |28l BRgy gaes

= - - S A O - P o))
g2glce|ld & |20 MR g kS o oa Bom
TEE 28| oeg | 2| X Bogp Un A0 R oo K D OKE
(@)} L S e c o g — ﬁn_,lﬂ :AE el —
SlEsg S5 3R |EE| W g1 0 B F o oSBT
S Big e |& |2y o FRLSE TS
.- . : : K- - o;qﬁoﬂi_/ﬁ
sl |8 |8, |8 |ae «+ S Mmooy
] =] ;> ; i > st ey le] - = = =
A IEHEHEHE R oo BT ms g X
< 2 ISy ISy ISy o X =7 :EE\L;O AN
= = ~ IS & . LxTnn_u_'Oll] =0
A = = =< ‘H)Elo],m_*mw “]Eﬂowwﬂobﬂwﬂm
Y& |legzlaggetz TN - 5@,%@%%%@%%
2| & |ctaccsfcfd|anna @ Pgpntomwd
i Al 2 G- &K K I W e ~ B on X ok

EH=

=

=

0]

al

ot

]_

il

(o]

g EoR AgRTE
=

Al

-

A
RLE

]_

2

—

]

)
iic

]

T T

=\nao
Zejo] Helo)
O

AgEns B2 A

FIA]

Sl

O

=
O

=

i

o)

104 71E

e}
Hlnl #7Ist

o)}

=

=

AUezet 7t

—
] TDRi

2 93
A)

T}

]_

IT

aL

L
Is]
pus

M

Al
o

St

T} TDRi= AUe] 210

T

OO
22 EAA Y

B3 BRINEPE Lies: 9]

pSi=A7S|
OO
o

F

e

Tl

]

@]
=]

)
]

Tz

=)
=

(ADCH

AR

T2 =]

= TDRi(Temperature Difference Ratio,

ol FotA Hol 10 4

A
140

ARNLR Qof 4
2

IL
an
g

2



MOl AJAFY @

Table 6. Summary of field study of the general
rural housing

Table 7. Summary of field
Lightweight wood-Frame housing

study of the

Features of housing
House| Internal | Housing

faces| space Type

Housing
View

Major
opening

Section

Room
L.-Room
Kitchen

Single
Room
Type

GC 01

wsny | N

General
House
(1F+Loft)

2Room
L-.Room

GC_02

wsny | NS

General
House |8
(1F+Loft)

2Room
L.-Room
Kitchen

Room
L.-Room
Kitchen
W.House

2Room
E |L-.Room
Klitchen

GC_03

whG) | NE

General
House

GC_ 04
(UHG)

General
House
(1F+Loft)

C05
(USH)

2Room
L.-Room -
Kitchen

GC 06
(USH)

Prefabricated
(Sandwich
panel)
Housing
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Features of housing Housi Mai
Section|[House|Internal| Housing ogsmg aJF”
faces| space | Type Miew RREmng
LC 01
wsNy | S
LC 02
SNy | S
l(_IS:H%?; S Common
RGBT House
for Elder
LC 04 S L.Room
LHG) Kitchen .
A (Single
Toilet
LC 05 Room
wsH) | ° Type)
LC 06
wsHy | S
55 s -
N
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Table 7. The thermal images captured image of general rural housing

A Temperature (°C) Walls Windows Porches Corners
section Inner | Outer Inner Outer Inner Outer Inner Outer Inner Outer
?IJCSTI(\)I)l 196 | 51
62 |1
603 | 104
608 |
505 | 13
5% |1
5 |1,

142 | (HOEEE-EAZ
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Table 8. The thermal images captured image of Lightweight wood-Frame housing

Temperature (°C)

Walls

Windows

Porches

Corners

Section

Inner

Outer

LCO1
(USN)

255

3.0

LC 02
(LUSN)

257

3.0

LC 03
UHG)

25

LC 04
UHG)

210

25

LC 05
(USH)

187

35 [

Outer

Inner

Outer

LC 06
(USH)

204

37

LC 07
(USH)

20.2

37
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Table 9. Comparison of the inner and outer surface temperature of general rural housing

1 57 got

Temperature(°C) Surface Temperature(°C)
Section | fner lOuter s Walls Windows Porches Corners Avera;g
Space |Space| Lows | Inper |Outer Tfemp Inner |Outer Temp Inner |Outer Temp Inner | Outer Temp ;fcf)
Differ.. Lows Lows Lows ..
GC 01 196 (51| 145 (22045175141 |73 | 68 |17.7 |48 | 129|178 | 30 (148 133
GC_02 189 (51| 138 | 214 |60 |154 (175 |72 |103 202 |81 121|171 |76 |95 | 122
GC_03 194 (42| 152 | 222 |18 | 204|191 | 6.0 | 131|185 |71 |114 (213 | 06 (207 | 16.2
GC 04 123 (43| 80 | 132|194 -6.2 | 157 |102| 55 61 |45 | 16 | 45 (34 |11 | 20
GC_05 193 (45| 148 | 181 | 58 | 123|152 |33 |119| 77 |53 | 24 133 | 46 |87 | 100
GC_06 167 (21| 146 | 151 |09 |142 (140 |16 | 124|101 |35 | 66 101 |30 |71 | 110
GC 07 192 (37| 155 | 242 |08 | 234|209 |55 |154 | 76 | 55| 21 [219] 33 [186| 150
Average | 179 41| 138 | 195 | 56 | 139|166 | 59 [ 108 | 126 [ 55| 70 | 151 ] 36 |115]| 114
* GC : General Case of rural housings
ZEAE | 143
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= Auol, 84 139T, FF 108T, ¥ 707,
IV. SEFEO| FTQHI|H CIHAMS AR 115CE LIEKOH, AR FEj0] HA|
HIDEA 9 AJARY TUeEA WIS  114C0ln oz
Min2.0COIA MAX16.2°C7HX12] HLIolA LEERL
1 SEZFEHO| Fg HQH .08 FHE I U= AOE BRI
EX[O| H|ZEA
2) YYRTE SEFHO| Fa 2o U
H DHe = Ad
) Yt sEFH Fa gold yep T FEIEN0 24
THREXH0| 2AY HEETE sEFEHC 7o Hed UelR 5
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Table 10. Comparison of the inner and outer surface temperature of Lightweight wood-Frame housing
Temperature(°C) Surface Temperature(°C)
Walls Windows Porches Corners
Section | Inner |Outer| Temp Aze;g
Space [Space| Lows | Inner |Outer Tfemp Inner |Outer Temp Inner |Outer Temp Inner |Outer l=mp Diff
Differ.. Lows Lows Lows ..
LC 01 255130 (225|276 |09 267|208 48 | 16 | 256 (260 -04 | 259 | 26 |233| 176
LC_02 257130 (227|268 |14 254|207 |51 |156|258 (237 21 | 251 |90 |161| 164
LC_03 216125191 | 230 (-04 (234|210 25 (185|178 | 15| 163 | 19.2 |-1.0|20.2| 195
LC 04 210125 (185|233 (-02(235|196 (23 (173|191 |17 |174 | 151 | 01 |150] 183
LC_05 187 (35| 152 (| 19 |-02|192|163 |09 |154 | 14 | 12 | 128 | 183 | 50 |133| 152
LC_06 204137167 | 233 |16 (217|206 |25 (181|175 |18 | 157|204 | 17 |187| 182
LC_ 07 202137 165|255 |07 |248 236 |26 | 21 | 203 |35 |168|243 | 65 |178| 194
Average | 21931 | 187 [ 241 |05 [235]204 |30 (174200 |85 |115|212| 34 |178] 178

* LC : Light-Wooden Construction Case of rural housings
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Table 11. Comparison Lightweight wood-Frame housing and general rural housing of the average

of surface temperature

Temperature(®C) Surface Temperature(°C)
Sediien e i e Walls Windows Porches Corners .
SpaceSpacel LOWS ynerduter Temp Inner [Outer] Temp Inner[Outer| Temp Inner | Outer Temp| ¢
Lows Lows Lows Lows
General Rural Average
Housing 6C 0107 179| 41| 138 |195|56| 139 |166| 59 | 108 |126| 55 | 70 | 151 | 36 | 115|114
Lightweight A
wood-Frame Verage 19|31 | 187 |241| 05| 235 |204| 30 | 174 |200| 85 | 115 | 212 | 34 | 178 | 178
. LC 01~07
Rural Housing
Difference 4 1 -1|49 |46|-51| 96 |38 |-29| 66 |74 3 | 45| 61 |-02| 63 | 64
UHeIR 2ER0IE LIERDL Q9o Bt 235TC URETHE 370 7I2A01E A it 4
2 9o ervl JEUAEhE W) BHeEL  gRFERY sEFH0| AuFERr 9REtiol
20CoJate KA AUCKTable 10). FARE & 7120 HEEE URE9] 7122 By 4T =%
HollA] QRO wHAfolE 7FY 2 Hej= HAl  om, R SXte] VI2Ale By 49TC2 A
OJRACKHLC_O01: 26.7C). M, F=8 d9oe= & H72 FHO| § 2t 2EAPOPL HAfkes A2
ZFRQL HIsssHA UQIR 2EA0IE UL QL ESAE0] JUE Ak Ag onfshl, = FH
Ch 3R o) BHeT: S0 Ui BUeT o oS AYRTRzEeA QUi B
HOF W o UiFe] ZHE2E0 HisoItt gt Wl ZIoE 249 2 AEEAEFH0| 2
(R i 20°0). AW o3 7R U 2xlo] Rt e AE 9uistal, 29 gk vy
E HOIAl QRICE Ui fAE= WA o= o 2Rt & Zg orlsitt
O oy BHSTRODL Uein 2 et CgoR AuREil ZymaE Fuo) ne
oAl QRS 2%t Hissth FRHE LERIK] & SEeEA] By vin 245 dioltt S,
UL HAO] R 2EAl0] Bo] 96T AOI= 7HE
ZPRTE sEFY0] 20 RO YOl BY A Uekith wHolne] 2Tt o weeke 4
SRS Edg £ B ZHREA00 §  FHo] gHeTEs By 46TH =A UENITE &
THe= Fejoid, WAl 235, 2F 174TC, & A, F29) 40 Wi =0V B 66T=
115C, 45 178TE LIEton, ZAIE S
o HA HHESER0] Higle  178CZA] Table 12. TDRi of the general rural housing
. . . o
Min.15.2 Coﬂﬁ MAX.19.5 CW}X]Q] @T]Oﬂ}ﬂ L]‘E]— Section Walls | Windows | Porches | Corners Average
L7 Q= Aoz BATT] TDRi TDRi TDRi TDRi 9
GC 01| -017 0.38 0.13 0.12 0.12
GC 02| -0.18 0.10 -0.09 0.13 -0.01
3) x=Efo| 2ol L{.9|= :H:D:'%EX GC 03| -0.18 0.02 0.06 -0.13 -0.06
) SEFH F5IE HelF BH f GC 04| 011 | 101 | 078 | 098 | 016
H|n &A1 At GCO5| 008 | 027 | 078 04 038
_ - o GC 06 0.1 0.18 0.45 0.45 0.30
Qi mEE AzE 1R =ETHO| THR =
At sEFEL dgETiE s BHe GC 07| -0.32 -0.1 0.74 -0.17 0.04
TAOIE Table 1137} Zo] HIWEAGIALE A Average] -011 | -002 | 041 | 025 013
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0.03
0.01
0.07
0.10
0.10
-0.01
-0.19
0.02

o

U2zt ZIRIEE 0o <

Average

Corners
TDRi
0.02

-0.04
0.13
0.32
0.02
0
-0.23
0.03

Porches
TDRIi
-0.01
-0.01
0.20
0.10
0.26
0.17
0
0.10

Windows
TDRIi
0.15
0.17
0.03
0.08
-0.01
0] 7k I

TDRIi
-0.06
-0.09
-0.07
-0.12
-0.17

Al
=

Walls

1

e

LC 01
LC 02
LC 03
LC 04
LC 06

Table 13. TDRi of the Lightweight wood-Frame
Section
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BTs0] WA UERITE 2P, ASol Hol This i 744 xst F8
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Table 14. Comparison Lightweight wood-Frame housing and general rural housing of the TDRi

Section Walls TDRi Windows TDRi Porches TDRi Corners TDRi Average
Average of gener 011 -0.02 041 0.25 013
rural _housing
huerage of Lightwelght 012 0.05 0.10 0.03 0.02
wood-Frame housing
Difference* 0.01 0.07 031 0.22 0.11
* QIH}
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Figure 1. Price sensitivity of timber houses _ o _
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(Source: Korea forest research institute) AR BEETE sEFES] ouAl 2o BE
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Table 15 . A differentiated plan of efficiency class in low energy
Class Economy Diffusion Low energy
(PY: 280~320m/AH) (PY: 320~350m/#) (PY: 350~400m/At)
Thickness T T
2"x 6" SIP(thk.162) or 2"x 6" SIP(thk.162) or w o
of SIP thk.172 SIW / Expandable thk.172 SIW / Expandable 2 B°SIEEIEZ06) o thk'216 SIW /
(thermal st bioe el PolySt Pioe tioe) Expandable PolyStyrene Pipe typel
transmittance) PolyStyrene Pipe typ olyStyrene Pipe type
PVC syst ind Low-e 3 |
Windows PVC Windows + double glazing e Wm. ow * Low-e s layer
windows
Waste heat ) Enthalpy Exchanger(type of rotary) more then recovery ratio 70%
recovery (random matrix)
— House Wrap P.E film 0.02mm + (
Wra House Wrap P.E film 0.0Z2mm Other Sealing Materials /window
P lap / IP Sealing Tape )
Aooly Rai Apply Rainscreen
pp‘y ainscreen Laminate floor 8mm
etc. - Laminate floor 8mm S .
. . Yellow soil brick or Yellow soil board
Add insulation{Inner): 30x30 . .
Add insulation(Inner): 30x30
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