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ABSTRACT

The insulation performance of the building is one of the most fundamental factors to reduce the
energy use in building. The building’s heating and cooling load account for the largest portion of
the building energy consumption. And the insulation of building envelope is the main factor that
directly affects the cooling and heating loads. For this reason, the thermal performance of the
building insulation materials is very important for saving building energy. However, the
building insulation materials have a problem in which the thermal performance has been
deteriorated over time. Assuming that the lifetime of the building is about 50 years or more, the
long-term performance of the insulation materials applied to the building is a very important
factor affecting building energy consumption. In addition, the insulation material of building is
generally located in the middle of the building envelope layers, which makes it very difficult to
replace and retrofit when thermal insulation performance decreased. For these reasons, various
standards have been proposed to test and evaluate the long-term performance of building
insulation materials. In this study, the long-term performance of building insulation materials
was tested and analyzed based on the standard of the accelerated aging test. The building
insulation materials used in experiment were 5 types such as EPS, XPS, PF board, PIR-1 and
PIR-2. The accelerated aging tests were conducted based on KS M ISO 11561 and BS EN
13166 standards. The results of the accelerated aging test for the materials were presented and
the thermal conductivity of insulation materials were also compared.
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20154 ote]defoll A AH=2030E7}] BAU (Business As Usual) thH] 37%2] 2417}
2SS SRR YESIY oM, ol 245 £1612030 =7 2AVA S REWS Y
Slct AE Hok=2030" BAU tH] 32.7%2] 24714 A7FS ZHE 5l 9o, o]=
A, 7 3B S 7 M w2 A4S E S 5HE ohL (It =R S, 2018). Te
(718 739) Rok=2018\d 7 e U] 2K oA AHIRF S 17.8%F AR [eHl QL O™, of=ARedat
a5 Hol 2.0 2 3HAR =2 HIS-S ZX[5}al Qlt}(Korea Energy Economics Institute, 2019).
0] Yt QIR ol qA] AR ZdA)| ZFE oA A8 578 0] =2 BleS 2 Ieh Y
o] o520 7| flelih= e o thad/id 5o 79412 0 & ATgfElofoFgitl(Zhao
and Magoules, 2012; Foucquier et al., 2013). 0|2t o2 AR o= A2 dd7lES mii B
aE SR PP AReAiEE A=} 1522 o|qAlEel AP 1 (Korea
Energy Agency, 2019) -5 TIJRH S-S F161ar St o2t uifEgell ] AsAPgoli=a4
‘Feol =2 s TEAe] T Heo Al QLo 2 HisE TaAo] a7 HES Sl Qlrk

AR =N ARSE DL = T8 A58 7] DA B ERTEHEPS), dEHTEE
A(XPS), 42 I LEA(PUR, PIR), Hl= F(PF board) 5°] 21.2H, o]2{3t ©aAf=
thao] A2 A/ E] o] glo] ZAATRSte] ot A5 A5t 7Fs do] it =il A AF
85l= hgd A o] AAHI} HrHe dHEAR F221 KS M ISO 11561 (2009)0] whE A3 4]
715 ATl o] ofal 71l Qlet. S EA O TS Aohk= 134 0 & o577 ek A]
WR2 EstaA A UlF 7] 3L0] S497kA Blgo] 54 5] Histeha Al WAt 11 5 2%
2o A YR 537]|32of Y= o] = TR A6 LR U e =4 94
& A7 HAYRITH(Choi and Kang, 2013). 7 |G EAlE2 A2 e 537|282 251 9
o 53], JlmE 4= 71 7 Dol vl 5357 2o w2 GEAEAS A
=t} ZI2UKS MISO 11561 3 A2 A o] =9 7] 3ol ke FAHSHE 12
2f5l2] ¢l Qlk. £ o] Bzol|l A AXISIAL Qe T 7K Al RS BEAle] =] 7]
gof| g BARIREE 13fskA] ¢l 9lom, Al =
] SR Tt Uz E ofof whe T g o] Ash= A o2 delA Qlrth

Choi et al. (2018)2] Aol wh2 ¥, = o] TaA) 7] A S} e TS Al
© thd)|o] ZFo] whah KS M ISO 11561(THEA12] A HSh T} KS M 3808(LE Za| A
Bl ©AAY), KS M ISO 4898(7 4 W EetAg- 5= Al A Aol A= Lo
, 5 KS MISO 115612 21-85}10] 5USH SHEZ AR % 23+2°C, ATEE 50+5%)°]l
A A=E A skl glo], 7 A= edsl /8 et HAL Sl =W T A3 A
of| thgt 412182 L7191 REAE Qrtar gt v Qi

=2]9] 742 EN 13166 "Thermal insulation products for buildings - Factory made phenolic
foam (PF) products — Specification; (BS EN 13166:2012, 2016)2+SO 16478 "Thermal insulation
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products for building — Factory made Vacuum Insulation Panels (VIP)s (International Organization
for Standardization (ISO 16478, 2018))5 TFaA Q] &5 7| L8 = chdA| o] EAJof wtzt
thR 71EEo] A-8E o], S| EA4-E arelgh A 2] v 2 ARl e-& gt 7
AS}e]] E}E ‘587 HE ISk Qlck
=] ASAPol| A 15Ut EPS E XPS 5 2| AEH AlG ] daAEe] FHIFToE A
|E UL, of2fet {7 1E‘r°ﬂlﬂ4 a5 2 Q=4 544& 1Rt HARR ol thol =
7HIAEZC 2 KSMISO 115610 A=A, Teuh A =37t A=<
o] 7ok HA AEA AlE2He PIR, PF 18] 17 75tk 2
‘I5H7PL EEsHA o F0i2]2] a1 it} 55] o5 Am o B
7] /&5 7ol thet Al 71=0] §li=Zdelioltt. ol2feh uid o 2 ol At thef

r&“ o{n
O_u

B A= 5B A= Ty @A) s BUEE 9% 7St AT
= ol Ze2EA GIAHEPS, XPS), HEE(PF), FE feehE 27H] AEPIR-1,
PIR-2) 5 3&F, 571 B8 FAE tVo = sioirt o GEAE2] 71852 vl
B7kel7] el 7122 G2 4715 B7HH AL KS M ISO 115619] A Bol
ARk Q= Eefol/d A HTYEN 13166 7 H CollA AXsHAL Q= 71453t Al
o e v o2 ZF A mrollA] AIAE Bl wiet ol T Ay

=8 CIHzlo| 7|4 L-SHA| S

USEHE A=
719} A2 91t HAA S7FAR EPS, XPS, PF, PIR-1, PIR-2 Al @l E2 15191

nmm

XPS PIR-1 PIR-2

=

Figure 1. Samples of the insulation product used for the study
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Figure 2. Specimens of the insulation materials for KS M SO 11561

EN 13166°] T2 7121 8lA] g8 o 71435 Al o 2 AlflE|glon], ALeH A3 oF
O KsHAT FE] AR E Sl 51 ¢l 50 mm T FEAE IR ARSI
o] 4 Aol A TIA A= ] A2 Figure 33} 2.

Figure 3. Specimens of the insulation materials for EN 13166 of the heat ageing method

T3FKS A 0006 "AIY Aol T AFE; (Korean Agency for Technology and Standards
(KS A 0006, 2019))°lA] TH45H= =5 23 + 2°C, JHH 51 50 + 5%2] 23554l 50 mm
FAL GEA AmES ARSI gTol FA] 2 50 mmo] EAAE KS M 1SO
11561 7FSIe oA -5 ARt oA AX|shal B dsS 5% 3?“1 S| 71EA]
o Al IR Alm o] Srtol A HiRo] TaA|e] 75l mAlE Fd= Bl 245k,

75t ALY
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Shio 2 7R 5} AlgHH o] LR E]o] Qlrk KS M ISO 115619014 AASRL Q1= A]
H BO] 7115t 27102 ASE]9lom AP (97 + 7) A7 A Qleh A@EA
W (23+2)°Cet ATEE(50 £ 5)%00lA HBEqom U 7HAc 2 dHAES-S
Skl
EN 131662 55 7|38 90% o< G @A 5 B g Aol 7Fa3t E 7H453t
© = A& X3Pt EN 131669] € 7145 A2 70°C € 7R 110°C G 7H5
271A17F QLo o WhiE 7REAI 717 H Al@ 202 Table 137 2t

flo
ok

AN
ol X

Table 1. Accelerated ageing test conditions according to the standards

Standard KSMISO 11561 EN 13166
Method Method B Heat ageing at 70°C ~ Heat ageing at 110°C
Specimen Sl (105?) izl‘;lhickness of Thickness of 50 mm
Ageing period (91 +£7) days (175 +5) days 7 days at (70 £ 2)°C
(23 +£2)°C then (14 £1) days at

Ageing condition (50 5)% RH (70+2)°C (110 £2)°C
Measurement period
of thermal
conductivity

Measurement interval:
Initial day and 14th day
(2 times)

Measurement interval: 15 ~ 30 days
(10 times)

T A HEFA, o] HHEKS M ISO 11561)2] 749 AL 74014 10 mm &2}
239 50 mmZ HEAHE Hitole] 91 U7 BH S SAote] 259 & HskH Ay Ak
&5 7RItk G718 H(BS EN 13166)2] -9 70°CllA] 17597F Ha=70°CoflA] 15
ZHAAE] & 110°CoA] 14Y7T BHEE-S S7g01e] 259 & Wske 47| 9 eg-3 B7t
Eli=g
Ao =70°C G715 AR 27102 AYE]Q) 0 m AJF-2 70°CollA] (175 + 5)Q 215)
AL 5(23 +2)°C, TG (50 £ 5)% ZAof|A] GEA A 252] AP PR =9
GHEE0] S E Ut EHEE-2 KS ISO 8301 (Korean Agency for Technology and
Standards (KS L ISO 8301, 2006)) Hsiell whet A=)t

=
5
h

flo ot

7153} Al AT}
w2td 21 A[dZE
Table 2.=KS A 0006 "A|§ A40] T Al ol AL = B 8 200 &%
(23 £2)°C, 8HIFE (50 = 5)%0lA 1759 &<t 570 G Edea SHENE Ue
W Zo]™ Figure 4= S E& s Yebd T2 olct,
PIR-19] =82 ©F0.004 W/m K F71519 0™, thE 3712 ©47) A= EPS, XPS,
PF, PIR-22] 7% G482 717} ©F0.001 W/m K Z7}510] Al 0 & nju|gt Z715A|
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S UERITE PFO] 739 @5]2] A7 =280] 2F0.001 W/m K A4 210 2 e ot o]
= A ] FIHEE Ale] oAl oot Al o= HHEH. PIR—19J Q=g
Hoke 27] A1aa vlald]] oF 18% S7Istgler the daAise] @ee S w
£ G SHI= 5% otz Z4 =

Table 2. Change of thermal conductivity of the insulation materials under standard environment
condition

Thermal conductivity (W/m K)

Days

EPS XPS PF PIR-1 PIR-2

1 0.0326 0.0339 0.0215 0.0220 0.0217
20 0.0330 0.0346 0.0208 0.0226 0.0221
41 0.0333 0.0348 0.0209 0.0231 0.0221
64 0.0332 0.0349 0.0212 0.0237 0.0221
&3 0.0330 0.0349 0.0209 0.0242 0.0221
106 0.0328 0.0349 0.0205 0.0241 0.0218
125 0.0332 0.0352 0.0204 0.0247 0.0222
146 0.0333 0.0355 0.0202 0.0252 0.0224
160 0.0333 0.0355 0.0202 0.0255 0.0225
175 0.0332 0.0354 0.0203 0.0259 0.0227

0.045

‘ —=®—EPS—#*— XPS—&—PF —v— PIR-1 —¢—PIR-2 ‘

< — o
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Figure 4. Change of thermal conductivity depending on the ageing period

Y I‘-i.ﬁkliiﬁ()\l@ﬂ B)ol| 2[st ZA|Ha} £

Table 3-& TEA A/ ZE-ZKSMISO 11561 715 e obA| o] e} 50 mm 54|19 &
AE10+0.5 mm=E EEM’EJ?} 5 175¢ B9 @ =S WSS =79t Ayto|H, Figure
5+ o] AXE 1= yeRd Zlofoh KS MISO 115612] &2to| A Rof| mhE 7|51 5} A
F291Y B TS S 0= 715EL QLOLFEN 131669] G715 Al ThE 715
L8t A Adutet vl wetr] $1a] 175 Fete] g Wk S5t
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Table 3. Change of thermal conductivity of the insulation materials under standard environmental

conditions
Thermal conductivity (W/m K)
Days
EPS XPS PF PIR-1 PIR-2
1 0.0325 0.0345 0.0208 0.0240 0.0223
20 0.0332 0.0366 0.0233 0.0285 0.0255
41 0.0332 0.0371 0.0240 0.0292 0.0260
64 0.0332 0.0371 0.0247 0.0296 0.0266
83 0.0331 0.0369 0.0247 0.0297 0.0265
106 0.0328 0.0369 0.0241 0.0294 0.0263
125 0.0332 0.0375 0.0246 0.0300 0.0268
146 0.0332 0.0377 0.0248 0.0301 0.0270
160 0.0331 0.0377 0.0249 0.0301 0.0272
175 0.0333 0.0377 0.0249 0.0301 0.0272
0.045
—=—EPS—#— XPS —A—PF —v— PIR-1—¢— PIR-2
0.040 |
o R —— e
Eoos|
2
/—-—I*WW
2
£ oo [ v v
E —
g / et
= 0025 L v //' . /A—A\A/A/—A’—"—"
: v
3} e
3 0020 |
0015 1 1 1 1 1 1 1 L 1 1
0 20 40 60 8 100 120 140 160 180
Ageing period

Figure 5. Change of thermal conductivity depending on the ageing period (KS M ISO 11561)
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e} 20 A7k QAES Z71E-2 th2 ] UeER=d] PIR-1 28] $efeh dhadzjje] dAE&
Z7F=0.00452 7 A UERth 1 = PIR-2, PF, XPS &0 & FHE220] 0.002~
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=&l E, AlRlZ711 20940 @ WslEe] 2| VAL o] ¢ G w8 HIgkE
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r°l'

B AlH((70°O)0f| 2fst ZA|Het E4d

Table 4= EN 131662] 70°C &7 }—’ﬁ AlgRel mhe T adAe] S SHENE YE

W Folt} 70°C & 71531 AL ThaA A|BE2- (70 £ 2)°C ZANA (175 £ 5) 2752
AgPst=d], ZF Z4A- iE(z 2)°C, SHREE(50 = 5)% A LR FAE FA1R
T S5t Figure 62 G715 Al @ R0l thE G E-& HalE vephd e zolt). A%
A3}, EPS, XPS, PF, PIR-29] 71&271 9 @382 27| @83 vl 2F0.001 ~
0.002 W/m K ¥ ¢ ¢tollA] 571519 2.1, PIR-12] 74-9-=2F0.006 W/m K 3713t A 02 1}
Efyttt. o]2iet A7l= EPS, XPS, PF, PIR-1, PIR-22] 7] QA T8 thH] 212} 2.1%, 7.2%,
9.6%, 26.1%, 11% Z715t Zlo|t}. 12| of| 4] B, EPS, XPS, PF2] 2094] GA w8 H5}
+ Al 2719} Blals] A% F716k3 o o]+ ‘?idriO] nlafRt 24 o 4= Qlok §HA, PIR
S A=A o = vk TdAlel vlsl 71 2| FARY s ol Aok A= FAE ]I

2

i

-
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Table 4. Change of thermal conductivity of the insulation materials under standard environment
condition

Thermal conductivity (W/m K)

Days
EPS XPS PF PIR-1 PIR-2
1 0.0328 0.0334 0.0187 0.0211 0.0209
20 0.0338 0.0344 0.0198 0.0232 0.0218
41 0.0337 0.0343 0.0200 0.0248 0.0225
64 0.0337 0.0351 0.0201 0.0255 0.0230
&3 0.0335 0.0352 0.0201 0.0258 0.0233
106 0.0333 0.0351 0.0200 0.0256 0.0234
125 0.0336 0.0356 0.0202 0.0262 0.0238
146 0.0337 0.0357 0.0203 0.0264 0.0238
160 0.0334 0.0356 0.0204 0.0266 0.0230
175 0.0335 0.0358 0.0205 0.0266 0.0232
0.045
‘ —®—EPS —#— XPS—A—PF —v —PIR-1 —¢—PIR-2 ‘
0.040 |-
Z o003 L e e e
g
.%\, 0.030 |-
§ - Vv ¥V
< 0025 L & v
§ v .- e DG OREPY
= '//*//
£ 0020 A A A& 4 A———A A4
g a
=]
0.015 |
0.010 1 I I 1 1 I I 1 I I
0 20 40 60 80 100 120 140 160 180
Ageing period

Figure 6. Change of thermal conductivity depending on the ageing period (EN 13166 - Heat
ageing at 70°C)
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A2 L UHHo)| M2 X =F Hat Hlw

b BAANE E3 KS M ISO 115617 EN13166 E=0]] 2J5+ AJd 24 9 1hof uh
2 AR A& e A 58S 2 202 SRIE]IH 55|, eutoldof ot
TAF Aot G EA Foll e A 2 thE E4-& UERL e ™, PIRY} PF T84 = o2
Aol H]sl Setoldof oJet Fako] A o & B IA YEPdt.

Table 5= SHA A A= TR Al 2 B B O] 715 ol Ao thiE T aAE =71
A 7IEAIY & S GAEES e Zloloh BEe Rl =22 1dol4 175Y
&] A& HISH= PIR-1 HEAE Al@fstal 7] B TS tiH] 5% ofske] st £o
2 ujnjgh 7 og BAxgict

KS MISO 115619] &zto]d O] 91 U7t Aol A= EPS 9] 739 7[5 ole] 2 &
A& Hske niu|shA Uehd T4 Aok HeRtA] 24atth XPS+= 2F0.002 W/m K,
PF&=0.004 W/m K 212} 5715131 2™, PIR ©E74 2] 739 ©F0.004~0.006 W/m K2 7
& GAE A5 LR 914 o] 1759712 QA& Hke nlnfet om0 2 ¢
Aol GAEa2 AR o= EAE Q.

EN 131662] G714 Al@HHoll A= EPS 2] 749 2F0.001 W/m K, XPS2] 7% ©F0.003
W/m K, PIR-12] 73-9-0.006 W/m K 2] @A =80 57|51 KS M ISO 11561} H|Z=5F 4~
0] GH TS WHolE Rt T24 PF}F PIR-2 TEAE 2F0.002, 0.003 W/m KO 2 7}
ZF YR, Seto] ARI(KS M ISO 11561)E e} ThaAs 257 218 71 0 & Shlw|Qic},

Table 5. Comparison of difference of thermal conductivity between initial and aged value
depending on standard

. KSMISO 11561 EN 13166
. Thermal Standard condition .. .
Insulation conductivi 23°C/175 davs Slicing method/91 Heat ageing at
v o days (175 days) 70°C/175 days
Initial 0.033 0.033 0.033
EPS i i
After ageing with 0.033 0.033 (0.033) 0.034

91 days (175 days)
Initial 0.034 0.035 0.033

XPS After ageing with
91 days (175 days)

Initial 0.022 0.021 0.019

PF After ageing with
91 days (175 days)

Initial 0.022 0.024 0.021

PIR-1  After ageing with
91 days (175 days)

Initial 0.022 0.022 0.021

PIR-2  After ageing with
91 days (175 days)

0.035 0.037 (0.038) 0.036

0.020 0.025 (0.025) 0.021

0.026 0.030 (0.030) 0.027

0.023 0.027 (0.027) 0.024
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30

I xs M 15O 11561
[ EN 13166 54 261
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Figure 7. Comparison of thermal performance change rate according to standard ageing test

Figure 72 KS MISO 115619] &2to] A ®H T EN 13166 E 715 ol th2 714 e
SHAIE § TaAE B 0] HekeS Hola= Tefjmolrh
T mof| A B, T AR o]l w2 EPS, XPS, PIR-1 0] G =& Hak=Z 2to|7} ¢l
O} PF}PIR-29] FALE-& HSK= IA| Aot e G o Atk ol= 2 A=l &
2ol el ofet Frkom AtiH o 2 37| go] 2 PF 2} PIR-2 Tl tisl| &2t/
ol wet g g sel B 2 GRS rlAle A o= AT 9] 5367282 EPS 9
789 65%570 2 4| #Q) 11 PIRC] ¢ A|ZHPA 1oﬂtr+a}ia7ligo] ©F85~95% (Hejna
etal, 2017) 0=, AlZAIt Jolgh Ao g dujA glow, PFo] 3¢ 537 x g2
90% olAolojof Hrkar WA =]o] QItkBS EN 13166:2012, 2016).
PIR-19] 7% 9PA 2415 Foll Eetol/del ottt 7] B s Aot 2 A o= gklx
ROt F A FETl w2 A7) Zfol7t fAR A2 dr71ste] mE PIR-1 a9
ZAA S EAof] oJgt Aotk PIR-1 B SefolA E 7R3 AldollA] 27] GHE
0] =A YEPstom, A&2 0= 37159 9 7EAg o] A E o] 7R Blof| whE T
e APt o F Ao BALQ o), 22 E72] PIR BEARE AlE 7] stet
TEI}H ol 4 ‘21 E97]xgo] th27] fiR o 2 Fhhech
A A EE 10mmT7iﬂi—El*>l sto &
H|SH = 414 oh Rom, AR O] 5 7| U Ao AT A ShtAla:
Al @S w2 ERoto] 11 oHA] ¢=tt. 18U EN 131669] 4% 7145} *163
Sofol At g 7143 ] 0 2 o] O] B 7|8 90% oVdd A9 d 7
= Aot R PAIEe] glom, A o] F, A fol whE 37t HAgA A
9] %*é%ﬂj 6}Ei 6}0:1 KSMISO 11561 El:} 2 o] 2|20 A7) ey

Ml

i

FIN

=

=

‘I_

OE; ot om
M og o

2o o

rE
(1o of Jn 24 L Jo b f

MISO 1 1561°ﬂ 45}1*71“5 HI}A] —E’rol*‘oﬂ Ofsf| AlA =]

ol 27 Zﬁ}fﬂ = 202 WPl m2bA] PFOFPIR-29F 2] 57 7| E80] 52
785 71 = ARt AlA AlAShE SRl ARl ofjt A7 1ds I HE
A Hlsf =27t 23S 2= o2 FAE I

2 ox

800

Journal of KIAEBS Vol. 14, No. 6, 2020



Comparisons of Thermal Insulation Performance and Aging Characteristics of Building Insulation Materials According to Accelerated Ageing Test

uX

=

H Lol A= KS M ISO 115613 EN 13166 E30f| o5t 7145101 A|JA7E 53 =

Eliﬂ A FHAHEPS, XPS), HEE(PF), 44 92ehE 2714 AE(PIR-1, PIR-2) 5 5714
] 1759 57t A E-& W3 2 AR} EAJ-S vl 24T

/q AAMZRE], KS MISO 11561 <=0 S2fo] X AW o] 749 EPSE Aleletal 2
IS A m 2] Sefol el ofelf Al x7| ©E/8s Aokt HePt e £35], =37
o] =& PFO}PIR TEAfjoll A ZA] Ureldth 17597 @8 Wslk= Etol/de] 9
18 27190 27 Uil o] 5 wjn]shA| Hale= 2 0 2 SRIE| o] Sefo]/de] ojt
/g-tﬂ;dg_ii}]gii}o]ﬂ 1;]-

N

| i

o
Mo ﬂJ

¢

>~
\J

Ol

=

1

O

ol

—_

i

™, EN 13166 30| & 7145 Al @i o
Aoz g 7&stohs WA O R ol oljt 7F ThAREe] Y& 544, EPS,
XPS, PIR-1-2 &2t | A WL -GARRE < 0 & LHEldT). 124 PR} PIR-2 THEA=KS
MISO 11561 9] &rto| A W Bt ©a/ds Aokt A Ll o Safo] A Hirg o] <]t
AT HakH] At 5291 o 2 SRIE| Ik

EPS T &A= A2 T2 F Al AR o ofgt S e-& Wb/ ol AR 0 2 291
= 3lom T e] Setoldof] SRt G glo] 7R} AlRlof| mhE G kg WAl n]n
gh Ao 2 SRRIF| ). ¥, o GaAE2 A& thE Aol wiet g E& Hsbt
T2 eptar 715 s Al flof] ofel| EAER 7 ~ 26% 2] B =& APt U= A
O = SRIEQ). 53], =9 =H7|E-50] =2 PF 2} PIR &A= &rfoldof ©
FOo & 7P| thE F AP BF| wh2 Qg Heh= F ol 50 2 A 2jo|7} e
2 SRI= I

A ol A ARSEl= 158 A S HATHSE S22 KS MISO 11561 S20] A A
o] whef o] Foi 2|3 ik, efut i o] A A VS Foll, AR ol whet T Ay
O A3t E4do] HEA Y= 21 SISt 59], =37 Egol 2249 =%

17dell ofgt Frko g JAE-g Hapt & A o0& SRIE| G wehA Tt =2

A7V S8 A= S loll, 3 T aAel =9 7 g, UEA SR, A A5

5 ARl HefRt SAde Rt AATHe SR didt BV e Zlo s wekEr,

ti

o

—_

A
o

m e
o of

ol

o] AT=2018 = AR (w5 2] Al 0= = A Ao 2] e ot ol ol gafiel
715 SEAR LAY 2| P2 ot iRt AFA| AUTHINRF-2018R 1D1A1A09083870).

Journal of KIAEBS Vol. 14, No. 6, 2020 * 801



Comparisons of Thermal Insulation Performance and Aging Characteristics of Building Insulation Materials According to Accelerated Ageing Test

References

10.

11.

12.

13.

. Choi, B.H., Kang, J.S. (2013). The thermal performance of building insulation

materials according to long-term aging. Korean Journal of Air-Conditioning and
Refrigeration Engineering, 25(11), 617-623.

. Foucquier, A., Robert, S., Suard, F., Stephan, L., Jay, A. (2013). State of the art in

building modelling and energy performance prediction: A review. Renewable and
Sustainable Energy Reviews, 23, 272-288.

. Hejna, A., Kirpluks, M., Kosmela, P., Cabulis, U., Haponiuk, J., Piszczyk, L. (2017).

The influence of crude glycerol and castor oil-based polyol on the structure and
performance of rigid polyurethane-polyisocyanurate foams. Industrial Crops and
Products, 95, 113-125.

. Zhao, H.X., Magoules, F. (2012). A review on the prediction of building energy

consumption. Renewable and Sustainable Energy Reviews, 16(6), 3586-3592.

. Choi, M.H., Hong, S.H., Koh, G.H., No, S.T., (2018). Comparison of domestic and

foreign standards for long-term thermal conductivity of insulation materials,
Proceeding of Architectural Institute of Korea conference, 38(2), 336-337.

. Korea Energy Agency. (2019). Commentary of Energy Conservation Design Standard

of Building.

. Korea Energy Economics Institute. (2019). Yearbook of energy statistics.
. Ministry of Land, Infrastructure and Transport (MOLIT). (2018). Revision of the Basic

Roadmap to Achieve National Greenhouse Gas Reduction Goals in 2030.

. BS EN 13166:2012. (2016). Thermal insulation products for building - Factory made

phenolic foam (PF) products - Specification. BSI Standard Publication.

ISO 16478. (2018). Thermal insulation products for buildings — Vacuum insulation
panels (VIP) - Products specification. International Organization for Standardization.
KS A 0006. (2019). Standard atmospheric conditions for testing. Korean Agency for
Technology and Standards.

KS L ISO 8301. (2006). Thermal insulation - Determination of steady-state thermal
resistance and related properties - Heat flow meter apparatus. Korean Agency for
Technology and Standards.

KS M ISO 11561. (2009). Ageing of thermal insulation materials - Determination of
the long-term change in thermal resistance of closed-cell plastics (accelerated
laboratory test methods). Korean Agency for Technology and Standards.

802

Journal of KIAEBS Vol. 14, No. 6, 2020



