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ABSTRACT

Government is working to reduce NDC (National Decisions Contribution) and greenhouse gas
emissions. As a result, the construction industry is raising its annual carbon reduction target with
the aim of contributing to Korea international greenhouse gas emissions. In this study, the
wet-based Korea “ETICS” was evaluated in consideration of temperature and impact resistance
according to the climate environment. The performance of the wet-based external insulation
synthesis system was verified through experiment, and it is expected that the energy saving
technology of Korean building will be further improved if the fire safety and insulation standard
used in Korean building are met.
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Determined Contribution) Al&x} =2 7= g Z40f g <2030 =7} 2A7EA =5
TS 918 2uY 500 S WHSE 5 A7 TSl Al Aol Uth(The
Government of the Republic of Korea, 2021). 2021 “=IEW-F BAFH 2Tl o] wh=2
B 0] X b HjETF Z AE BRo] AH|= 2018 73 24.7%(1<] 808H =) 2 A
et HIE-S xAJetar 9lom, olof w2030 A7H4] 32.8%, 20501714] 88.1% <2 &
71 SOITHMOLIT, 2021). Foll= <B4 S8 =84 =72
A AN =7 7| EAE S WA 587 =7 A7 S B8 GAS ikt s
T S 53 A4 9 oldl i3S ok 5 ASA AE He - Eoll ARl

L3S 7]20)|0 JITHEASTHESAALH Y], Presidential Commission on

Carbon Neutrality and Green Growth, 2023).
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8l 78713717 |91 European Organization for Technical Approvals(©[SFEOTA))-ETAG
004(External Thermal Insulation Composite Systems(©|5} ETICS) with Rendering (EOTA,
2013))9F 22 et mPd rEdAfo] s 71 v 11 AE APdsto] 2Tt AlEe] EEv

L /‘FE} 7R el Qlom, i =71 e Aol 718 S8 R Al =
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Q|THH D2 ORZH =Ll-2| Aldteist

A 9 vlEA A=) it 71 19 v v AP 2023 715 39,146 USD
Million 722  A|AolA 7Fg vlF0] 301, 2030 o= A% 49,479 USD Million
© = 9F20%2] AJ7do] Al hFigure 1). ¥ eH=t, St A (o]st opAlot= Agh& 3
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Figure 1. ETICS Market Size in Europe Figure 2. ETICS Market Size in Asia
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Figure 3. Test specimen production process
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Table 1. Hygrothermal behavior experimental parameters and methodology

Component Experimental parameters and methodology
Heating to 70°C (rise for 1 hour)
Heat-rain cycles ~ Maintaining at (70+5)°C and 10 to 30% RH for 2 hours (total of 3 hours)
(Total 80 cycles)  Spraying for 1 hour (water temperature: (15+ 5)°C/amount of water 1//m”*min

Leave for 2 hours (drainage)

After at least 48 hours of subsequent conditiong at temperatures 10~25°C and
minimum relative humidity of 50%

Exposure to (50+5)°C (rise for 1 hour) and maximum 30% RH for 7 hours
(total of 8 hours)

Exposure to (-20+5)°C (fall for 2 hours) for 14 hours (total of 16 hours)

Heat-cold cycles
(Total 5 cycles)

EZA85HAIZ (Freeze/thaw behavior test)

Freeze/thaw Behavior test+ 2J+d 0&} oS 8 A7 59t 230f] ZA[RE 5 (-20+2)°C
25 2704 16*]7} B FEAI. o 3’—}7‘401 1—;?7101‘31, 3047t 5 302] ML 1
=719 A8

Al 2719 HJ‘?QOH EHBJ Z&A /4782 Table 29} 7E*E’r.

Table 2. Freeze-thaw behavior experimental parameters and methodology

Component Experimental parameters and methodology

Exposure to water for 8 hours at initial temperature of (23+2)°C by immersion
Freeze-thaw cycles  Of the sample, render face downwards, in a water bath

(Total 30 cycles)  Freezing to (-20+2)°C (fall for 5 hours at the sample surface and for 2 hours in
the conditioned air) for repectively 11 and 14 hours (total of 16 hours)
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2|3 G5 o] FET 4 9= 0.2 mm Boh AL 7R FE B o E goto s
glstA Het.

Theo 2 F2F 73 A9] 749 St o H2tuta) S FHkslo] 2]k 0.08 MPa o1
0| 52 HolF AL, B2F 715 710.08 MPa B TH 2HehA wh) = thed 2] Ujiof 4] 2hAgafiof
gich mpxjEto & Z4 2 AP e wi miAfell 31 2 1019] S48 o] nA €]
A2 g E A g PPZH)Oﬂ w2t A 7H] 52 H71E ) Table 3
2 7k Uhgolm Al 7H2] Bl thE ARS8 A 9= Table 47+ Lt

Table 3. Evaluation of impact resistance test performance

Categorization Impact resistance of 3J Impact resistance of 10J
Type | No deterioration No deterioration
Type 1 No deterioration Rendering not penetrated
Type Il Rendering not penetrated -

Table 4, Evaluation of impact resistance test performance

Categorization Description of possible uses

A zone readily accessible at ground level to the public and vulnerable to hard body

Type 1 impacts but not subjected to abnormally rough use

A zone liable to impacts from thrown or kicked objects, but in public locations where
Type I the height of the ETICS will limit the size of the impact; or at lower levels where
access to the building is primarily to those with some incentive to exercise care.

A zone not likely to be damaged by normal impacts caused by people or by thrown

Type I or kicked objects.

Hygrothermal behavior test result
Table 1] 24 A Al H 357 Wl HaAf=
e AR A A= o, 8-S ohaat Atk €] i
AR, w4, v g o] getat 22 I Pt glis A o2 SRIEY i &g
O 7 Zo| IFL 4=l FF O A of i SRRIE|A] ALt Figure 4+= 3 AJEfof thgt

A ATE e,
ojekal mp uAlo] S Abeel o] 4o] §Le-S Shelg 5 727ke] A TP A A
Aol chal 32} 7o thet Al o] AT, 52 7 Alge el Gl 3% sl

3
S A 5HES MEH 0Pl oH, A= Table 59 2tk
ETAG 004°]| w2 52t 73 A1E-2 AE Axte] tiof 0.08 MPa HT} 2H0L: 0.06 MPa
Hr} =2 sho] Ak Q1A6HH, 0.08 MPa H ot W2 7 o] A9 a7 UjRoflA] m}a)
=St st Riet. 2 Aol ARG 352 Rl A F we|E A
of m|A]7] Foh= APt ERIE (Lo, 71 A Bk W 7 St 7 gelof st
of|e] AFsto] A-gxlo] Aol ZA7F glao] 1=t
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(a) Surface condition after heat-rain cycles - EPS  (b) Surface condition after heat-cold cycles - EPS

(c) Surface condition after heat-rain cycles - PF (d) Surface condition after heat-cold cycles - PF

(e) Surface condition after heat-rain cycles - MW  (f) Surface condition after heat-cold cycles - MW

Figure 4. Surface condition after Hygrothermal behavior test

Table 5. Bond strength after hygrothermal behavior test

Test result of bond strength (MPa)
1 2 3 4 5
Heat-rain cycles 0.240 0.189 0.252 0.235 0.261

Type of insulation Type of cycles

EPS Heat-cold cycles 0.204 0.223 0.207 0.215 0.214

Heat-rain cycles 0.094 0.093 0.080 0.090 0.090
Fr Heat-cold cycles 0.085 0.092 0.086 0.067 0.083
MW Heat-rain cycles 0.021 0.019 0.026 0.024 0.025

Heat-cold cycles 0.022 0.018 0.024 0.021 0.021

Heat-rain cycles 0| ¢ 5273 A1 ¢-2 B4 2 ok o] A5 (12]) 2 u|Al3(13]) &
Hof w2234 44 =] 3] 0 ™, Heat-cold cycles< X734 2 vz o] A]5128]) L H]
Al5(13]) of o]l whet 2} 3514 44w ek, 54 o] 9-0] AldA] o] vrehd A 2] -9
= WEsh $A 0= ¢l I Yehd # a2 217 9] 2715 S7gsto] 7153kt 7=
HANE 7Hro & ojdtd nP uEdAE A 5ol whet st o™ AA /4 = Table 617
o UFE]'U":]'.

3 A3} Heat-rain cycles¥} Heat-cold cycles =5 PFAAE Al53H A @A|7F Al55HA]
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Table 6. Impact resistance after Heat-rain cycles

After Heat-rain cycles

il;l;}l/f;:tioofn A;;:)i(s)zl:lt Impact strength at 3J Impact strength at 10J Type
Crack type No deterioration Rendering not penetrated
Crack diameter - 34.96 mm
1 e
Crack appearance ":,“ i
EPS ) T Type I
Crack type Rendering not penetrated
Crack diameter 30.80 mm
2
Crack appearance
Crack type
Crack diameter -
1 e Type |
Crack appearance x’», b
PF ‘
Crack type No deterioration
Crack diameter - 25.90 mm
2 Type I
Crack appearance O 3’3 O (&3]
Crack type No deterioration No deterioration
Crack diameter - -
1 ok {/m} -4 (M\} - Type I
ppearance At e
MW
Crack type Rendering not penetrated  Rendering not penetrated
Crack diameter 19.25 mm 38.95 mm
Type 1L

2
Crack appearance O 3? | O lor

Freeze/thaw behavior test result

Table 22| 27 A AE H 3572 Q] FEA+= Hygrothermal behavior test
o} 7o AxtE 4P| ATt ETAG 004014 1175k= Freeze/thaw behavior test+= 2|
& 7 Aol sl A & 3H e o] Sl R A Al -89S EAISEL 9l
o} 22 Aeiofll A oFg o] ot AlRlS 24 oHAA HSE et o)t
= oof whet Fr7t & BAof] A3tsteit. Figure 5+ Freeze/thaw cycles ©]% 3
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Table 7. Impact resistance after Heat-cold cycles

After Heat-cold cycles

Type of
insulation Assessment approach  Impact strength at 3J Impact strength at 10J] ~ Type
Crack type No deterioration Rendering not penetrated
Crack diameter - 27.67 mm
Crack appearance oy i o
< — i Type H
Crack type Rendering not penetrated
Crack diameter - 34.49 mm
EPS 2 o e
Crack appearance
Crack type Renderlng not penetrated Rendering not penetrated
Crack diameter 18.13 mm 30.54 mm
3 Type I
Crack appearance { /w =5 O a7
ol sl
Crack type No deterioration Rendering not penetrated
Crack diameter - 18.86 mm
1 i - S Type I
Crack appearance :
Crack type
Crack diameter - -
PF 2 o s Type 1
Crack appearance i -~
Crack type No deteriorétion Rendering not i)enetrated
Crack diameter 23.31 mm
3 /) Type I
Crack appearance C %’j O ((en)
Crack type No deterloratlon Rendering not penetrated
Crack diameter - 20.24 mm
1 o — Type I
Crack appearance "f\ w,.f’ T W
it ozl
Crack type No deterioration No deterioration
Crack diameter - -
MW 2 e = Type I
Crack appearance {:'_._’,.,w‘} L5 N v,} 1>
Crack type Rendering not penetrated Rendering not penetrated
Crack diameter 18.35 mm 39.80 mm
3 w — Type I
Crack appearance < w 3«-3 L) ‘a5

202 ShlE ik, Eal, i BEF0E Bo] AT 4 gt FHY WA o

SIA] g4
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T LT

(a) Surface condition after freeze/thaw cycles - EPS (b) Surface condition after freeze/thaw cycles - PF
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e

(c) Surface condition after freeze/thaw cycles - MW

Figure 5. Surface condition after Freeze/thaw behavior test
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Table 8. Bond strength after Freeze/thaw behavior test

Test result of bond strength (MPa)

Type of insulation " 5 3 2 S
EPS 0.279 0.213 0.241 0.246 0.268
PF 0.068 0.144 0.095 0.050 0.061
MW 0.026 0.033 0.025 0.038 0.041
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Table 9. Impact resistance after Freeze/thaw cycles

After Freeze/thaw cycles

Type of Assessment
. . 1 h I 1 T
insulation approach mpact strength at 3J mpact strength at 10J ype
Crack type No deterioration No deterioration
Crack diameter - -
1 o L
o \i = i 1."
Crack appearance b L 2 los
EPS o o Type I
Crack type No deterioration No deterioration
Crack diameter - -
2 L i
: :_,- <.“ '-‘éf’*i / m,?
Crack appearance &« © * A s
Crack type No deterioration Rendering not penetrated
Crack diameter - 22.04 mm
1
Crack appearance O "76 C) 4 %)
PF o ) Type I
Crack type No deterioration Rendering not penetrated
Crack diameter - 17.78 mm
2 >
Crack appearance O 3‘5 Q \ 35
Crack type Rendering not penetrated Rendering not penetrated
Crack diameter 13.96 mm 29.55 mm
1 Type I
Crack appearance O 3 j' Q \G>
Mw o .
Crack type No deterioration Rendering not penetrated
Crack diameter - 44.76 mm

2 = Type I
Crack appearance O 35 O 1G>
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