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The Thermal Performance of Building Insulation Materials According to Long-Term Aging
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Abstract This study is to draw thermal property data during long-term aging, by testing the thermal conductivity of building

insulation materials in Korea. The thermal resistance of extruded insulation within 3 days from manufacture performed well
over the KS Standard. After 50 to 110 days, however, the thermal performance had deteriorated to the level of the KS
standard. Eventually, after 4,000 days, the insulation performance had deteriorated to about 25.4~41.8% of the initial

performance. Therefore, this research will be utilized as a reference for thermal properties during long-term aging, in order

to improve standards and regulations related to building insulation materials.
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Table 1 Thermal conductivity of expanded polystyrene
and rigid poly urethane

materials thermal conductivity | density
W/m - K(kcal/m - h - C)| g/en
Ist 0.036 (0.031) | = 30
2nd 0.037 (0.032) | = 25
EPS
3rd 0.040 (0.034) | = 20
expanded 4th 0.043 0.037) | = 15
polystyrene special | 0.027 (0.023) -
Ist 0.028 (0.024) -
XPS
2nd 0.029 (0.025) -
3rd 0.031 (0.027) -
Ist 0.024 (0.021) | = 45
! 2nd 0.024 (0.021) | = 35
class
rigid poly 3rd 0.026 (0.022) | = 25
urethane Ist 0.023 (0.020) | = 45
2 2nd 0.023 (0.020) | = 35
class
3rd 0.028 (0.024) | = 25
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Fig. 1 Aging mechanism of closed-cell plastics insulation
materials.
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Fig. 2 Aging characteristic of closed-cell plastics insulation
materials by normalize process.
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Fig. 4 Aging characteristic with scaling factor.
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Table 2 Outline of thermal conductivity measurement apparatus

measuring range 0.015~0.43 W/m - K

size of specimens 300x300 mm, d = 5~100 mm

accuracy +2~+5%

reproducibility +1%

Fig. 6 Chamber with specimens.
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Fig. 7 Outline of thermal conductivity test method by
heat flow meter.
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Fig. 8 The exterior of test room.

Interior test room of

applying to wall Cross section of applying to wall

wall panel 50mm

air

insulation material 50mm
plaster board 10mm
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Fig. 9 The interior of test toom and cross section of wall.
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Table 3 Specimens under aging test

. density . accelerated
1 A
materials [ke/m'] ging test
type | special | 35.4 O O

expanded | 1 Ist 323 e)
polystyrene | type | special | 33.2 o -
2 2nd 30.5 O
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Extruded and expanded polystyrene Type 1 - special grade
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Fig. 10 Thermal resistance of extruded and expanded
polystyrene type 1-special grade.
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Thermal resistance[m?/W]
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Fig. 11 Thermal resistance of extruded and expanded
polystyrene type 1-first grade.
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Extruded and expanded polystyrene Type 2 - special grade

Thermal resistance[m2/W]
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Fig. 12 Thermal resistance of extruded and expanded
polystyrene type 2-special grade.

Extruded and expanded polystyrene Type 2 - 2nd grade
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=
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Fig. 13 Thermal resistance of extruded and expanded
polystyrene type 2-second grade.
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Table 4 The results of thermal resistance of expanded
polystyrene
thermazl resistance . deterioration
specimens [m_- K/W] dens1t;/ ratio
initial | 100 | 1000 | 4000 | [ke/m’] [%]
value | days | days | days
w | type | 2485 | 1.964 | 1.491 | 1.469 | 35.4 40.9
r11 1 2222]1.686|1368|1.367| 323 385
g type | 2.157 | 1.892 | 1.694 | 1.588 | 33.2 26.4
W[ 2 1984|1726 |1.566 | 1.471 | 30.5 259
type | 2498 | 2.004 | 1.497 | 1.454 | 354 41.8
‘;] 1 2222]1.725]1.370 | 1.346 | 323 39.4
% type | 2.158 | 1.825 | 1.486 | 1.535 | 33.2 289
2 11.968 |1.671 | 1.578 | 1.453 | 30.5 26.2

Table 5 The production day and major measurement days
of expanded polystyrene

Lo major measurement days
roduction initial bout bout bout
specimens p measurement | 200Ut | @bout | abou
day day 100 1000 | 4000
days days days
w | type | (2001) (2001) (2002) | (2004) | (2012)
r11 1 11.01 11.06 02.07 | 09.13 | 10.31
g type | (2001) (2001) (2002) | (2004) | (2012)
w | 2 11.16 11.22 02.15 | 09.20 | 11.06
w | type (2001) (2001) (2002) | (2004) | (2012)
a 1 11.01 11.06 01.29 | 09.21 | 10.23
% type | (2001) (2001) (2002) | (2004) | (2012)
2 11.16 11.22 01.31 | 09.30 | 10.22
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Fig. 15 Thermal resistance of extruded and expanded

polystyrene type 1 special grade by slicing
accelerated test.
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Fig. 16 Thermal resistance of extruded and expanded
polystyrene type 1 special grade by cutting
accelerated test.
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