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Abstract

Recently, the international community signed a climate change agreement to prevent global warming. Yet currently,
the fossil fuels have been widely used in to supply building energy for cooling and heating. The Green Building
certification (G-SEED), an energy efficiency rating for new or existing buildings requires that buildings meet certain
conditions. Insulation is used as a building material to reduce the energy supply to buildings and to improve the
thermal insulation, and it accounts for more than 90% of the total heat resistance provided by the building surface
components that meet the energy-saving design standards of new buildings. In this investigation, a performance
evaluation study was conducted through an experimental study by directly extracting the foam polystyrene insulation
on-site during the remodeling of a building that was in the range of 22~38 years old. Through tests, it was found that
the thermal conductivity of the extrusion method insulation (XPS) was reduced by 48% and the compressive strength
of XPS decreased by 36% compared to KS M 3808, which is the initial quality standard. For bead method insulation
(EPS) with a thickness of 50mm, the thermal conductivity, the compressive strength, and flexural failure load were
similar to the initial quality standard. Therefore, in the calculation of the primary energy requirement per unit area per
year, the performance of bead method insulation can be estimated simply by considering the thickness of the insulation,
while a correction factor that considers its performance deterioration should be applied when extrusion method
insulation is used.
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Table 1. G-Seed criteria

Green remodeling residential building

Field )
Item Sortation Score
Ener rforman ' .
Energy and eir%r%ier?]en? ce Required item 10
environmental Evaluati
pollution i valuation
Carbon-point itern 2
Material and Use of environmental Evaluation 5
resources statement products item
Water circulation  Using a water—saving Evaluation 2
management device item

Information related to

Maintenance green remodeling Required item 2
Application of
Indoor temperature control Evaluation 5
environment system and thermal item
insulation

2. AR xL%F 2 7|EATF 22

A ol W B, W, 51, 21 2% 59
N FH= ARelaL, ouAdE ehbAE 283l
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Table 2. Building energy needs and components

ltem (kwh/m* ) Component

Amount of energy required by cooling +
heatin + Hot water + lighting

Energy requirements
per unit area per year

Energy consumption
requirements per unit area
per year

Energy consumption for cooling + heating
+ Hot water + lighting + ventilation

Energy consumption+fuel collection
processing, transportation, conversion
supply. loss, etc

Primary energy
requirement per unit area
per year

Table 3. Percentage of thermal resistance of insulation by year

thickness  Thermal  Thermal resistance
Building Area of skin  resistance ratio of insulation
(mm) (m* - k/w) (%)
ot foor 310 1919 7454
oo Extﬁ%?&, ) 270 1.850 8357
Cirac] 340 2.267 82.09
Breror ! 280 2215 74.29
ot foor 400 4.240 84.76
s Extﬁ%?t&, ) 500 6.717 95.38
(et 400 6.179 93.87
Ereror il 450 4596 87.04
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Table 4. Insulation heat resistance ration of the outer jacket
according to the thermal degradation rate
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Table 6. Thermal conductivity measurement result

4 Tr;e&mﬁl . Thermal resistance rate of insulation Qf building envglope(%) Heat conduction resistance
egradatio The Roof  Exterior wall Exterior wall (m K/ w Rate of
rate(%) bottom floor  (direct )  ( direct ) ( indirect ) Materials —— ——— change
nitial value inal value (%)
0 74.54 83.57 82.09 74.29 (3 days) (1,000 days)
10 67.00 75.97 74.62 67.54
type A 2.157 1.696 21.3
20 62.12 69.64 68.40 61.91 XPS
30 57.34 64.28 63.14 57.15 type B 1.982 1.568 20.8
40 53.24 59.69 58.63 53.06 type A 1417 1417 0
50 49.69 55.71 54.72 4953 EPS
type B 1.301 1.293 0.6
Table 5. Primary energy requirement according to the thermal
degradation rate
Al 3
Thermal performance Primary energy requirement per unit 3 4 H 7:“ 2]
Degraded rate(%) area per year(kwh/m" - )
0 19660 31 NASE MY
10 197.60 . =
" 0050 2 Ao AF i A5E-2 Figure 1of] UERA Bt
30 201.30 o] SEWFH7} sl S EXFEEANLH) 7| Al
4 203.10 Yt 7 2A7IATS AAR S = A 201395 oY
5 20450 AP % ERANAE B TRle|nd FApY
Table 7. Sampling and experimental plan
- Thickness ! Completion year Insulation Building Test
Materials (mm) Test date Test item (years of production) method name agency
XPS ; 1984 wall ;
ltype 1] special 50 2017.02.08 A B C D (34 years) (mlddle |nsulat|on) D dormitory KTR
EPS 1class 1979 wall :
ltype 2] (@th 2 20170419 A (39 years) (midds ineglation) K ward office LH
EPS 1class 1982 wall ' ;
ltype 3 (3rd) 50 2018.04.25 A D E (37 years) (mlddle |nsu|at|on) B university LH
EPS 1class 1985 wall ; ;
ltype 4] s %0 2018.06.25 ADE (34 years) (miodle insdlation) T university LH
EPS 1class 1985 top floor arai
ltype 5] 5 50 2018.06.25 A D E (34 years) (insider insdlation) T university LH
EPS 1class A B C, D E 1985 . top floor A
[type 6] fsd 50 2018.07.25 (34 years) (insider insdlation) 1 university LH
EPS 1class A B C, D E 1997-bankruptc ~ . out wall ;
ltype 71 4th 50 2019.01.03 (2 yearsljp Y (insider insulation W hospital LH

A: thermal conductivity, B: compressive strength, C: flexural failure load, D: absorption amount, E: density
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Building D dormitory
Scale BiF / 4F
(total area) (6,386m )
Completion
year 1984 year :
Method  brick/insulation/brick S
Building K ward office
Scale BiF / 4F
(total area) (.6,386m )
Completion
year 1979 year
Method brick/insulation/brick
Building B university
Scale BiF / 4F
(total area) (.5,808m )
Completion
vear 1982 year I
Method  brick/insulation/brick B8 =
Building T university
Scale BiF / 3F
(total area) (2,666m )
Completion
year 1985 year
Method brick/insulation/brick
Building W hospital
Scale B5F / 12F
(total area) (/56,103 )
Completion
vear 1997 year
Method c.wiwall/insulation

GELIEERE
BE ARYA

Figure 1. Target buildings
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Policy business ] - Netzch HFM436
[Energy | el - Plate-heat flow meter
sampling verification Result

Green Requeling Test agency KS M 3808
Target building Item comparison

Primary energy requirement per unit area per year
evaluation of adequacy of calculation method

Figure 2. Experimental process

Table 8. KS value of thermal conductivity, compressive
strength, density and flexural failure load

Thermal Compressive Density Flexural
Materials conductivity strength (kg/m) failure
(w/m - K (N/orr) g load(N)
special 0.027 >25 - >45
XPS 1st 0.028 >18 - >35
2nd 0.029 >14 - >35
3rd 0.031 >10 - >35
1st 0.036 >16 >30 >35
2nd 0.037 >12 >25 >30
EPS
3rd 0.040 > 8 >20 >25
4th 0.043 > 5 >15 >20
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Table 9. Test result of thermal conductivity

Thermal Result
Materials conductivity  (after-befor/be
(w/m-k) fore)x100(%)
type 1 before 0.027
xS [special] after 34 0.040 48.15
type 2 before 0.043 18.60
[1class,4th]  after 39 0.051 )
type 3 before 0.040 ~ 250
[1class,3rd]  after 37 0.039 ’
type 4 before 0.036 556
[1class,1stl  after 34 0.034 )
EPS
type 5 before 0.036 _o78
[1class,1st]l  after 34 0.035 )
type 6 before 0.036 _em
[1class,1st]l  after 34 0.033 )
type 7 before 0.043 698
[1class,4th]  after 22 0.040 '

Table 10. Test results of expanded polystyrene insulation

Materials Result value
thermal 0.0412 (Ww/m - k) — similar to new material
conductivity
compressive . o
£ps strength 59Kpa(6N/em) (10% increase)
density 14.72kg/m* - similar to new material
absorption o
volume 0.5% within - very dry
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Table 11. The combustion test result of expanded polystyrene

: Qualit Result
Materials Q(ubaelictcy)/restgg?%rd standa?ld (after
(after 2011) 2011)
XPS [;épeecigl] the flame goes out
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, within 3 seconds within 120
type 6 and seconds
[1class, have no residue burning time fitness
1st] and and
EPS done not bum within 60mm
ype 7 apove the limit of  buming length
[iclass,  combustion
4th]
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Table 12. The Combustion test report of expanded polystyrene

Materials Quality inspection report Result
TEST REPORT
x\ FEE]
type 1 No damage
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e ey length
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Thank you to the officials of the Korea and
Housing Corporation for your cooperation in

collecting and testing the insulation materials,
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