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ABSTRACT

KEYWORD

Purpose: We would like to propose an insulation-resistant design suitable for maintenance-type remodeling that ~S&5E

conforms to green remodeling. Method: Permanent rental apartment houses in Seoul were selected for analysis. The
current status of the target site was reviewed, and the representative households with similar shade environments ols
=
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and weak insulation were selected in consideration of Seoul's climatic characteristics. As a research method, after
climate analysis of Seoul TRY (Test Reference Year) meteorological data from 2005 to 2014, condensation and ~ Apartment
thermal bridge analysis were conducted through the THERM program. To this end, the ISO 52016 (formerly ISQ ~ Remodeling

13790) standard program Energy# was used to present the exterior wall insulation performance standards to secure

Insulation Performance Criteria
Exterior Wall

the comfort of the apartment house, and to evaluate the energy performance before and after remodeling for each
representative household. Result: An appropriate minimum thickness of insulation to prevent condensation and  , c CEPTANCE INFO
mold was suggested. When remodeling an apartment house, 45-80mm of insulation is the most economical level. It Received Dec. 20. 2021

is necessary to study the domestic insulation design method suitable for the living environment.
(© 2022. KIEAE all rights reserved.  Accepted Jan. 17, 2022
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Table 1. Range of Soeul’s Remodeling

General Maintenance ‘

Customized Remodeling

Increasing Households

Repaired Remodeling Entire Repaired Remodeling
Improvement
Improvement
o Improvement Performace
Maintain Performance Performace .
Performance + Extension + Extension +
Increasing Households
Maintenance/Improvement . ° o o
Structure Change x . . .
Reconstruction of Space x ° . .
Range Dedicated Area Variation x ° ° °
of Installation of Parking Lot X ° . °
Remodeling . Vertical X o o °
Extension -
Horizontal x x x °
Increasing Households x x x °
Main Target Unit/Building Unit/Building/Clsuter Unit/Building/Clsuter Unit/Building/Clsuter
Low Cost Remodeling High Cost Remodeling
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Table 2. Site Introduction [19]
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Site Perspective / Site Plan

Address 372, Wolgye-ro, Nowon-gu, Seoul
Land Area 28,899.14m" | Total Floor Area | 59,050.63m’
Building Area 5,130.74m’ Floor Area Ratio 177.61%
Unit Type 24.12m' / 30.42m’ / 39.6m’
Households 1,372 Parking Lot 347
Pr]f)f::i}(l)n 51.22% Nul?ll(t))::s o 4 ll.gl(;m)
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Table 3. Apartment’s Architectural Drawing
24.12m' 30.42m’ 39.6m’
Corridor il= il= By ir
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Table 4. Corner Surface Temperature Simulation

Surface
No. iti 2d Thermal Si ti
[ Composition d The) Simulation Temp.
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=
Detail — 17.9°C
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8 Gypoum Bowd
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D"t‘zl 16.4°C
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Table 5. Defect Criterion Formula

TDR frsi
TDR = i Tsrf o gsi_ 08
- 1—; _ Te fRsi - 02 _ 08

TDR = Temperature Difference Ratio
Ti = Indoor Temperature

Te = Outdoor Temperature

Tt = Application Surface Temperature

0 = Indoor Temperature
6. = Outdoor Temperature
0 = Surface Temperature
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9] 7|5 28519 Exposed(leZ), Curtain(A-E), Lower Side
(84 sH), Furniture(Z}), Built-in Wardrobe(@Hro]#h) o 2
TE5to] o Table 8.3 Zro] 453t

S RS Ht 7‘]% A2 AU S Al3ES 1este g
Aol Z3et B2 GaA F5F 5 201749 71 A AREC] 9.5%=
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Q7] 2= 2005~201497 A3 71474 AHE 2E714H Table 5, Simulation Inf
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olH & WA Hlo|H & &-g5t3irt. 8ol shA7HEA e 4 3 —
~ ) ) Composition of Wall Copula
= #H4 7I7F Kim et al.(2020)9] APAFLE Zgsto] oF o Thermal
. . ckness ..
Table 7.7 2o] #415AEH21. 24 A, 4% 7). 0] 717 e Desi Tope of Matrial |,y "] Comuetiviy
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Q] o] glo]EH L &gloA < A} Q N A
64 9] HlolEl = &84 4& Atste] &7 2k -5.6T= A% Con’c Wall 180 2.3
, |New Insulation| VAR
. . . Con’c
Table 6. Condensation & Mold Temperature in Psychrometric Wall (Glasswool | (Smm to|0.038
24K 200:
Graph Chart ) mm)
= Gypsum Board 19 0.18
P DN 8 Cement Brick 90 0.6
International Condénsation Foir ‘Z‘ﬁ;‘i '5‘;'2'% ~~¥§;'"Eggf>§5 D“D:C \ £ Insulation 50  |0.043 |Standard
Standard 8 _><SRH: 100.00 % RH: 80.00 % Y. [><RH:50.00 % _P< Cement| (EPS-1-4)
| b - .1\\|)-( ATt b F o ST .
B LN NN SN NN Brick | Cement Brick | 90 | 0.6
Wall |New Insulation| VAR
(Glasswool |(5mm to|0.038
N | N TN X TN 24K 200;
‘C/[yg\ F L YT R o ) mm)
b . 9O, = O Sy sSmuzpO e mmi~oa Gypsum Board| 19 0.18
omestic Condensation Point Mold Point < %% Ind . . -
Measurement\Dgn 192?5‘08 o "Z§<D§ 1602) c B 59 Ssoozr4 00 C ?}f Simulation Setting Source
RH: 100.00 % <NRH: 8000 % . \\lRH 5000% oy Type Terrrins
- j}ﬁ(\ |\& g \‘4\ }W I TDR Indoor 25 Molit Korea
(Temperature Different Ratio) Outdoor -15 Molit Korea
frsi Indoor 20 ISO 13788
Table 7. Outdoor Temperature Setting (Temperature Factor) Outdoor -5 1SO 13788
Annual Temperature of Seoul - Indoor 2% ISQ 13788&
12AM ]TW T T B MBS Glaser Method with Measured Prior research
. L it ] I;gf;g Data Outdoor 56 ISO 13788&
' | il 1 ' Prior research
12 PM | )
| i I | ki [ %%gu Interior Surface Resistance Setting Source
o ’ ‘ | MI I_ { l il Exposed 0.11 Molit Korea
12AM h Feb  Mar  Apr  May Jun  Jul Aug  Sep Oct  Nov  Dec <1300 ; Transter Resi Curtain 0.25 ISO 13788
Highest Temp | Lowest Temp Coldest 6 Days Surface (3‘/15 eIr() esistance T er Side | 0.35 SIA 180
O (o) Average Temp (°C) Period Furniture 0.50 DIN-4108-4
334 -13 -5.6 Jan 8"~ 13" Built-in Wardrobe| 1.00 |  DIN-4108-4
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of Fio] oA 4E7IE DT 7|2 AT 4 dich
Table 9. Surface Temperature of Each Analysis Method
Type TDR Factor Temperature frsis Factor Temperature Gl?;:igﬁg;i:g“;;t;m
: oooooooo:Z:°°;;;A§ Q%Qﬁgﬁﬁﬁﬁﬁﬁﬁﬁﬁ%&ﬁ j: 1600000900 SR oonnn . : s oooo<>ZZZZ"ZQQQQQQQQQQQQ%&QM&QQQQQQQQ
Surface | €., ° e B OZAQQ)A(QQQQQQQQQ xk %m )A<>A<>A< o
Comer -gs Aixx s Ef °
PoX .
Graph | - *
10 10 10
n;l;“l:];s Exposed | Curtain L;)i:lv:r Fumiture \E;I;oul:e Exposed | Curtain Lsoi\:iv:r Furniture ‘E;l;':l:e Exposed | Curtain L;)i::r Fumiture \::rltl;'oul:e
5 13.3 7.5 4.8 2 -3.3 12.7 9 7.4 5.6 2.3 15.4 11 9.1 6.9 3.1
10 15.4 9.9 7.3 4.4 -1.2 14 10.6 8.9 7.1 3.6 16.9 12.8 10.9 8.7 4.6
15 16.6 11.6 9.1 6.2 0.5 14.8 11.6 10.1 8.3 4.7 17.8 14.1 12.2 10.1 5.8
20 17.5 12.8 10.4 7.6 1.8 15.3 12.4 10.9 9.1 5.5 18.4 15 13.2 11.1 6.8
25 18.3 13.8 11.5 8.8 2.9 15.8 13 11.6 9.9 6.2 19 15.7 14 12 7.7
30 18.7 14.6 12.4 9.7 39 16.1 13.5 12.1 10.4 6.8 19.3 16.3 14.6 12.7 8.4
35 19.1 15.2 13.1 10.5 4.8 16.3 13.9 12.6 11 7.4 19.7 16.8 15.2 133 9.1
40 19.5 15.8 13.8 11.3 5.6 16.6 14.2 13 11.4 7.9 19.9 17.2 15.7 13.8 9.7
45 19.9 16.3 14.3 11.9 6.3 16.8 14.5 133 11.8 8.3 20.2 17.5 16.1 14.3 10.2
50 20.1 16.7 14.8 12.4 7 16.9 14.8 13.6 12.1 8.7 20.4 17.8 16.4 14.7 10.7
55 20.3 17 15.2 12.9 7.5 17.1 15 13.9 12.4 9.1 20.5 18.1 16.8 15.1 11.1
60 20.6 17.4 15.6 13.4 8.1 17.2 15.3 14.1 12.7 9.4 20.7 18.4 17.1 15.4 11.5
65 20.7 17.7 15.9 13.8 8.6 17.3 15.4 14.3 13 9.7 20.8 18.6 17.3 15.7 11.8
70 20.9 17.9 16.3 14.1 9 17.4 15.6 14.5 13.2 10 20.9 18.8 17.5 16 12.2
75 21 18.2 16.5 14.5 9.5 17.5 15.7 14.7 134 10.3 21 18.9 17.7 16.2 12.5
L] L] L] L]
: . : .
180 22.6 20.8 19.7 18.3 14.6 18.5 17.4 16.7 15.8 13.5 222 20.9 20.1 19 16.3
185 22.6 20.8 19.8 18.4 14.8 18.5 17.4 16.7 15.9 13.6 222 20.9 20.1 19.1 16.4
190 22.6 20.9 19.8 18.5 14.9 18.5 17.4 16.8 15.9 13.7 222 20.9 20.2 19.2 16.5
195 22.7 20.9 19.9 18.6 15 18.5 17.5 16.8 16 13.8 223 21 20.2 19.2 16.6
200 22.7 21 20 18.7 15.2 18.6 17.5 16.9 16 13.8 223 21 20.3 19.3 16.7
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Table 10. Thermal Analysis Result

Type TDR Factor frsi Factor (Base((;ilals\fll;al.:/[uf‘eﬂ:lm:)ata)
I\S’ﬁmnlll:lal;dl:l Below 0.26 Above 0.7 Above 16.4°C
Surce | 1*° I e I a I?EE o I e I ﬂ "
Temp | o " ”
Example a0 250 300
lower side  furniture \erjizge lower side furniture V}l);jizge lower side furniture ‘:;1;;126
(50thk) (80thk) (180thk) (35thk) (60thk) (140thk) (50thk) (80thk) (185thk)
ﬂl(l;hn;s Exposed| Curtain L;;::r Fumiture v?;g::;e Exposed | Curtain Ig;fr Furniture v?::::;e Exposed | Curtain L;;::r Furniture :;:;::;e
5 0.2925 | 0.4375 | 0.505 | 0.575 | 0.7075 | 0.708 0.56 0.496 | 0.424 | 0.292 154 11 9.1 6.9 3.1
10 0.24 | 03775 | 0.4425 | 0.515 | 0.655 0.76 0.624 | 0.556 | 0.484 | 0.344 16.9 12.8 10.9 8.7 4.6
15 0.21 0.335 | 03975 | 047 | 0.6125 | 0.792 | 0.664 | 0.604 | 0.532 | 0.388 17.8 14.1 12.2 10.1 5.8
20 0.1875 | 0.305 | 0.365 | 0435 0.58 0812 | 0.696 | 0.636 | 0.564 0.42 18.4 15 13.2 11.1 6.8
25 0.1675 | 0.28 | 0.3375 | 0.405 | 0.5525 | 0.832 0.72 0.664 | 0.596 | 0.448 19 15.7 14 12 7.7
30 0.1575| 0.26 0.315 | 0.3825 | 0.5275 | 0.844 0.74 0.684 | 0.616 | 0.472 19.3 16.3 14.6 12.7 8.4
35 0.1475 | 0.245 | 0.2975 | 0.3625 | 0.505 | 0.852 | 0.756 | 0.704 0.64 0.496 19.7 16.8 15.2 13.3 9.1
40 0.1375| 0.23 028 | 0.3425 | 0.485 | 0.864 | 0.768 0.72 0.656 | 0.516 19.9 17.2 15.7 13.8 9.7
45 0.1275 | 0.2175 | 0.2675 | 0.3275 | 0.4675 | 0.872 0.78 0.732 | 0.672 | 0.532 20.2 17.5 16.1 14.3 10.2
50 0.1225 | 0.2075 | 0.255 | 0315 0.45 0.876 | 0.792 | 0.744 | 0.684 | 0.548 204 17.8 16.4 14.7 10.7
55 0.1175 0.2 0.245 | 0.3025 | 0.4375 | 0.884 0.8 0.756 | 0.696 | 0.564 20.5 18.1 16.8 15.1 11.1
60 0.11 0.19 0.235 029 | 04225 | 0.888 | 0.812 | 0.764 | 0.708 | 0.576 20.7 18.4 17.1 15.4 115
65 0.1075 | 0.1825 | 0.2275 | 0.28 0.41 0.892 | 0.816 | 0.772 0.72 0.588 20.8 18.6 17.3 15.7 11.8
70 0.1025 | 0.1775 | 0.2175 | 0.2725 0.4 0.896 | 0.824 0.78 0.728 0.6 20.9 18.8 17.5 16 12.2
75 0.1 0.17 | 0.2125 | 0.2625 | 0.3875 0.9 0.828 | 0.788 | 0.736 | 0.612 21 18.9 17.7 16.2 12.5
80 0.095 | 0.165 | 0.205 | 0.255 | 0.3775 | 0904 | 0.836 | 0.796 | 0.744 0.62 212 19.1 17.9 16.5 12.8
85 0.0925 | 0.16 | 0.1975 | 0.2475 | 0.37 0.908 0.84 0.8 0.752 | 0.632 21.3 19.3 18.1 16.7 13.1
90 0.09 0.155 | 0.1925 | 0.2425 | 0.36 0.908 | 0.844 | 0.808 0.76 0.64 21.3 19.4 18.3 16.9 133
95 0.0875 | 0.15 | 0.1875 | 0.235 | 0.3525 | 0.912 | 0.848 | 0.812 | 0.764 | 0.648 214 19.5 18.4 17.1 13.6
100 0.085 | 0.1475 | 0.1825 | 0.23 0.345 | 0916 | 0.852 | 0.816 | 0.772 | 0.656 21.5 19.7 18.6 17.2 13.8
105 | 0.0825 | 0.1425 | 0.1775 | 0.2225 | 0.3375 | 0.916 | 0.856 0.82 0.776 | 0.664 21.5 19.8 18.7 17.4 14
110 0.08 0.14 0.175 | 0.2175 | 0.33 0.92 0.86 0.824 0.78 0.668 21.6 19.9 18.8 17.5 14.2
115 0.08 | 0.1375 | 0.17 | 0.2125 | 0.3225 | 0.92 0.864 | 0.828 | 0.788 | 0.676 21.7 20 19 17.7 144
120 | 0.0775| 0.1325 | 0.165 | 0.2075 | 0.3175 | 0.924 | 0.868 | 0.832 | 0.792 | 0.684 21.7 20.1 19.1 17.8 14.6
125 0.075 0.13 | 0.1625 | 0.205 0.31 0924 | 0868 | 0.836 | 0.796 | 0.688 21.8 20.1 19.2 17.9 14.8
130 0.075 | 0.1275 | 0.16 0.2 0.305 | 0.928 | 0.872 0.84 0.8 0.696 21.8 20.2 19.3 18.1 15
135 ]0.0725| 0.125 | 0.155 | 0.1975 0.3 0.928 | 0.876 | 0.844 | 0.804 0.7 21.9 20.3 19.4 18.2 15.1
140 0.07 | 0.1225 | 0.1525 | 0.1925 | 0.295 | 0.928 | 0.876 | 0.848 | 0.808 | 0.704 21.9 20.4 19.5 18.3 15.3
145 0.07 0.12 0.15 0.19 0.29 0.932 0.88 0.848 | 0.812 | 0.712 21.9 20.4 19.5 18.4 15.4
150 | 0.0675 | 0.1175 | 0.1475 | 0.185 | 0.285 | 0.932 0.88 0.852 | 0.816 | 0.716 22 20.5 19.6 18.5 15.6
155 [0.0675| 0.115 | 0.145 | 0.1825 | 0.28 0932 | 0884 | 0.856 | 0.816 0.72 22 20.6 19.7 18.6 15.7
160 0.065 | 0.1125 | 0.1425 | 0.18 0275 | 0936 | 0.888 0.86 0.82 0.724 22.1 20.6 19.8 18.7 15.8
165 0.065 | 0.1125 | 0.14 | 0.1775 | 0.2725 | 0.936 | 0.888 0.86 0.824 | 0.728 22.1 20.7 19.8 18.8 15.9
170 ] 0.0625 | 0.11 0.1375 | 0.1725 | 0.2675 | 0936 | 0.888 | 0.864 | 0.828 | 0.732 22.1 20.7 19.9 18.9 16.1
175 |0.0625 | 0.1075 | 0.135 0.17 | 02625 | 0.936 | 0.892 | 0.864 | 0.828 | 0.736 222 20.8 20 18.9 16.2
180 0.06 0.105 | 0.1325 | 0.1675 | 0.26 0.94 0.896 | 0.868 | 0.832 0.74 222 20.9 20.1 19 16.3
185 0.06 0.105 0.13 0.165 | 0.255 0.94 0.896 | 0.868 | 0.836 | 0.744 222 20.9 20.1 19.1 16.4
190 0.06 | 0.1025 | 0.13 | 0.1625 | 0.2525 | 0.94 0896 | 0.872 | 0.836 | 0.748 222 20.9 20.2 19.2 16.5
195 |0.0575 | 0.1025 | 0.1275 | 0.16 0.25 0.94 0.9 0.872 0.84 0.752 223 21 20.2 19.2 16.6
200 | 0.0575 0.1 0.125 | 0.1575 | 0.245 | 0.944 0.9 0.876 0.84 0.752 223 21 20.3 19.3 16.7
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Table 11. Minimum Insulation Thickness at Each Standard oposed Curtan Lower Average Thickness Point i
o ide ardrove
Minimum Insulation Thickness(mm) ¢ 080% ; =
£
Built-i & 070% |
Type Exposed | Curtain |Lower side| Furniture n % °
wardrobe £ 060 o
TDR factor| 10 30 50 80 180 § ® e
firsi_factor 5 25 35 60 140 g 050% '1:
Gl: g % [<]

(1\’[ea:S1;: o 1 35 50 80 185 E 0a0% €. g

5 030% 8

o

) 5 020% 8
Table 12. Energy performance of Each Standard & 08
Heating Energy Gain & Loss Sample g 010%
0.00%
- - 0 50 100 150 200
By — T — Insulation Thickness(mm)

1500 |

1| . w00 .
0 - = — e —
7| . . -
Existing Lower Side Furniture Built-in
(50mm) (80mm) Wardrobe
(180mm)
Heating Energy Demand Summary
. Insulation Applied house (L/m’a) /
Type E;::;t:elg Rate of Improvement(%)
2 . Lower 5 Built-in
(I/m"a) | Exposed | Curtain side Furniture W be
— 115 | 105 9.9 93 8.4
’ (6%) | (-14%) | (-19%) | (-24%) | (-31%)
- 118 | 107 | 103 9.6 8.6
0 Rsi 1221 (3%) | (-12%) | (-16%) | (:21%) | (-30%)
4 [ Glaser 115 | 103 9.9 93 83
(Measured) (-6%) | (-16%) | (-19%) | (-24%) | (-32%)
— 13.1 119 | 111 104 94
. (6%) | (-15%) | (21%) | (-26%) | (-33%)
n 135 | 121 117 | 109 9.7
0 Rsi 140 | (4%) | (14%) | (-16%) | (-22%) | (-31%)
5 | Glaser 131 | 117 | 111 | 104 93
(Measured) (6%) | (-16%) | (21%) | (-26%) | (-34%)
— 156 | 142 | 134 | 126 | 114
. (6%) | (-14%) | (-19%) | (:24%) | (-31%)
- 16.1 145 | 140 | 13.1 11.7
g Rei 166 | (3%) | (-13%) | (-16%) | (21%) | (-30%)
Glaser 156 | 140 | 134 | 126 | 113
(Measured) (6%) | (-16%) | (-19%) | (-24%) | (-32%)
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Fig. 1. Energy Performance Improvement Rate per Insulation Thickness
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Table 13. Hygrothermal Simulation Result S GHT 5 e AL EAE
Type Hygothemsl Simolation 2 AT gae] Jme uet Ay A% $739) 2=, ol
= £ ot A4 7120 olehg RolFsiet @A) A el
e T— i | Varbl wetsre arir FAZIA A4 A 2ol g 255 919 71=o] nlHlsH]
B IR Do) 44 Az Se] W Thed A7 - A2H o] djsh 475
: mzoll, 274 75 &g whe Td AA - Als ol digh A At
asteh
Vapour
Barrier b
Acknowledgement
Total Water [
]
Contents ‘ \ i il _ =
(keg/m’) | | | 2 AT LA 71 & 7 (KETEP) o] 2] 98 dhof 33t
) AT T YU THEAE S : 2018201060010A).
_ Reference
e Gypsum Board
Composmon Kraft Paper - —
(1] A%< 9f 39, 5559 2Ry ASH n|719ehy 5l a2
1 B7}, RFREA A S] ], Al19A A3, 2018, pp.33-46. / (D.J.
Without I Kim et al., Evaluation of Microclimate Condition and Thermal Comfort
Vapour in Pedestrian-level Environmnet of a Remodeled Apartment Complex,
B po Korea: Urban Design Institute of Korea, 19(3), 2018, pp.33-46.)
arier | | 2] A&Al, 2025 AEEEA FE5Y frdy J]EAE(Qh, 2016.05. //
Total Water | - Il (Seoul Metropolitan Government, Fundamental Plan for Apartment
Contents i Remodeling in Seoul 2025, 2016.05.)
(kg/n) Bl AHE 9 3¢, =% T frdyd A AT e % 9
oz 9 g3 Ay Bot, g AEig g a=stal, A20d Ale
i I I N N 3, 2020, pp.83-92. // (T.R. Kim et al., Evaluation of Cooling Energy
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and Thermal Comfort through the Improvement of Exterior Louver of
a Remodeled Apartment, Korea: Korea Institute of Ecological
Architecture and Environment, 20(6), 2020, pp.83-92.)

[4] 98, 355d 9@aAVE 39 92 A, =047 B8 F
A 7738, 2020, pp.75-81. // (C.Y. Park, Current Status and Task of
Insulation Design Standards for Apartment, Korea: Ssangyoung
Engineering & Construction, 77, pp.75-81.)

[5] BF3], AeS, A, 3 d =T TEFY Hrdd Agsd Z
A& B G, iSRS 9es], A2 AL, 2020,
pp-29-38. // (J.H. Kim, D.W. Kim, S.G. Oh, A Comparative Study on
the Process for the Remodeling of Deteriorated Apartments in Korea
and Japan, Korea: The Regional Association of Architectural Institute
of Korea, 22(6), 2020, pp.29-38.)

(6] 2973 9 49l, Lo3-5Fd Aiesrie drddg Ao 71€dA
AdRrE Bl R, SenderaddTEshs], Aod A4S, 2019,
pp-22-33. // (W.K. Koh et al., Development of a Feasibility Evaluation
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Increasing at the Preliminary Stage, Korea: Korea Institute of
Construction Engineering and Management, 20(4), 2019, pp.22-33.)

(7] AF3], A5, oA IPA #4& 883 e 355 2rdy
X AZY F@ A9 a40] B A7, FEAEAENEA A
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O] 434, A%, #24 559 2ndy ddd YA WrbE &l
slo]l et A, T REAGRATEE T, A4A Aoz,
2020, pp.197-205. // (S.C. Yoon, D.C. Shin, A Study on the
Durability Evaluation Criteria for the Vertical Extension Remodeling of
Apartment, Korea: The Korea Institute for Structural Maintenance and
Inspection, 24(6), 2020, pp.197-205.)

[10] 41314, 718, &34, 3578 559 2ndy Hddd 4

(©2022. Korea Institute of Ecological Architecture and Environment all rights reserved. 43



oz HLS A% SAIYelY 2|2

W20l | BIY H5T|Z A

— o

—
[5oF
[l

[13

=

[14

=

[15]

[16

=

[17

—

[18

=

[19

—

20

—

(21]

44

ko] B 5 A} WY A7, R ARTESADEAD LS
5], A23 A3E, 2018, pp.60-68. // (H.C. Shin, KB. Choi, S.C.
Yoon, A Study on the Optimization of Field Sampling Number of the
Durability Evaluation Method for the Extension Remodeling of the
Apartment Housing, Korea: The Korea Institute for Structural
Maintenance and Inspection, 22(3), 2018, pp.60-68.)

AR, P, F e oy rdgs 9% A ECM 2
ol k& 9 2§, I A=A, A4l AeT,
2020, pp.662-673. // (JH. Oh, S.S. Kim, Development and Application
of Window ECM Library for Aged Apartments Evelope Remodeling,
Korea: Korean Institute of Architectural Sustainable Environment and
Building Systems, 14(6), 2020, pp.662-673.)

T 9f 391, o] ot FEFEY FE e T BA, &
A S AEs5ES], A9 AT, 2019, pp.73-79. // (HJ. Han
et al., Daylighting performance enhancement of an apartment building
by remodeling, Korea: Korea Institute of Ecological Architecture and
Environment, 19(2), 2019, pp.73-79.)

oy, AN, FFFE v, AR dA ARIEAE §F A
A AL A, A AELE], A998 A4T, 2019,
pp.61-66. // (SH. Lee, MH. Chung, A Design Improvement for
Insulation and Condensation Prevention by the Case Studies in
Apartment Buildings Focused on the Viewpoint of the Designer,
Korea: Korea Institute of Ecological Architecture and Environment,
19(4), 2019, pp.61-66.)

A9, 0P, W%, =¥ $5FE v A5 AN I o)
dpdy zueeel AUy 4%, damas At
3], Al11d AL, 2017, pp.52-57. // (HP. Jo, JH. Oh, S.S. Kim, A
Study on the Target Parts for Envelope Remodeling Prototype to
Improve Thermal Performance of Old Multi family Residential
Buildings, Korea: Korean Institute of Architectural Sustainable
Environment and Building Systems, 11(1), 2017, pp.52-57.)

ol=3, 9FA, Wrd, A 31U AR TRIBL
89 HeA TEFEY U9 U BEID A 2 dEu
A, A A5, A48 A6, 2020, pp.589-600. //
(D.H. Lee, JY. Won, S.Y. Byun, Analysis of Heat Losses by
Improvement of Insulation and Hallway Space in a Hallway Type
Multi-Unit Dwelling Using a Steady-State Three-Dimensional Heat
Transfer Analysis Program, Korea: Korean Institute of Architectural
Sustainable ~ Environment and Building Systems, 14(6), 2020,
pp.589-600.)

AT 9 491, T AqHolN F wgRY du i Higtel &
495 WL AEAFAFAVERAREE], A3E AsE, 2019,
pp.325-336. // (KM. Kim et al.,, Insulation Performance Evaluation of
Alternatives for Reducing Thermal Bridging Effects in  Window
Fastening Areas of Apartment Outer Wall, Korea: Korean Institute of
Architectural Sustainable Environment and Building Systems, 13(5),
2019, pp.325-336.)

Anle, oltd, 3EFE 2= U7 Ex gAY oy oy A4
& B, PEIFAFASARE, Al15E AT, 2021, pp.52-62.
// (M.S. Shin, K.N. Rhee, Investigation of Heating Energy Reduction
Performance by Supplementary Insulation for Condensation Prevention
in Apartment Buildings, Korea: Korean Institute of Architectural
Sustainable Environment and Building Systems, 15(1), 2021, pp.52-62.)
7% 9 39, 921 Suggtel v W Az A% Bl Be
A7, FEORAEEE], A6 A9F, 2000, pp.163-168 // (K.S.
Kim et al, A Study on Evaluation of Insulation & Condensation
Performance in Corners of Building Envelops, Korea: The Architectural
Institute of Korea, 16(9), 2000, pp.163-168.)

AEFYLAlFAL, FAE AR, https://www.i-sh.co.kr, 2021.12.15.
/I (Seoul Housing & Communities Corporation, Rental Information of
Apartments, https://www.i-sh.co.kr, 2021.12.15.)

A= 9 391, 2% FEFEY A Adies: 2AE Y dR
WA A J1EeaE AYY, AR AREAFEA EAFHAT
A, Al5E A3, 2014, pp.291-296. // (G.T. Kim et al., The Design
Criteria of the Indoor Temperature and Humidity for the Prevent
Condensation of Small Apartment Buildings, Korea: LHI journal of
land, housing, and urban affairs, 5(4), 2014, pp.291-296.)

AEE 9 39, 53 77 5= %0 9 WwAE A% oy &
@ 4e71F ARL PER=EAEEEASEE], A2od AT, 2020,
pp.59-66. // (DJ. Kim et al, Suggestion of Insulation Performance
Criteria for Exterior Walls to Prevent Mold Growth of Residential

A it

KIEAE Journal, Vol. 22, No. 1, Feb. 2022

(22]

Facilites in North Korea, Korea: Korea Institute of Ecological
Architecture and Environment, 20(4), 2020, pp.59-66.)

[PTargets, 7|&&A% S ZE G444 HedAA] // (IPTargets,
Technology & Market Report Glass Fiber Thermal Insulation Material.)



	에너지 저감을 위한 유지관리형 리모델링의 외벽 단열 성능기준 제안
	ABSTRACT
	1. 서론
	2. 선행연구 고찰
	3. 연구방법론
	4. 분석결과
	5. 결론
	Reference


