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Abstract

In this study, the change of heat loss due to the degree of deterioration of the XPS insulation in
KEPCO’s office buildings is analyzed. The acceleration aging test of the XPS insulation was
carried out according to the test method A of KS M ISO 11561: 2009. The performance of the
insulation was analyzed by applying it to the three - dimensional steady state heat transfer
analysis program. The acceleration aging test of the XPS insulation, show that the thermal
resistance performance decreased by 1.44% at the A regional headquarters, 0.85% at the B regional
headquarters, 6.41% at the C branch office, 7.76% at the D regional headquarters, 8.51% at the
E branch office, and by 8.54% at the F branch office respectively. Using simulation, we determined
that the thermal resistance value of E branch office decreased by 8.04%, while its heat loss increased
by 8.52%. At A regional headquarters, the thermal resistance decreased by 1.38%, and the heat
loss increased by 1.51%. At D regional headquarters, these value are 6.82% and 7.17%, respectively.

Keywords: 7153 3H Acceleration aging), @58 7-=(Office building), E<=4 % (Heat
loss), €7 &= -&(Thermal conductivity), @ 4 &(Thermal resistance)
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Products within 7 days
I of production

d; = 10 + 0.5mm} £

Calculate the relative thermal
resistance ratio(Ry/R,) and plot the
logarithm of the time axis

v

Repeated measurements at constant
time intervals until the relative
thermal resistance ratio value exceeds
the transition point and provides a

constant linear relationship I
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Pre-treatment condition of specimen at
constant temperature and humidity I
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Measurement of thermal

resistance(R,) at each time interval I
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Formulal: t=Pyx §= Py X (d./d,)

Formula 2: r(d,; Py) = r(ds;t) t = Equivalent time (day)

Py = The elapsed time of the
Calculation of thermal

’ resistance at t through the
curve obtained from the
d; specimen

applied insulation (day)
d, = Thickness of specimen (mm)
d, =Thickness of applied insulation (mm)
Ry = Thermal resistance of applied
insulation (MW)

Formula 3 : Rp = 0.05 X v(d,; Py)

Fig. 1 Experimental flow chart
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Fig. 2 XPS Specimen

Table 1 Specification of thermo-hygrostat

Fig. 3 Thermo-hygrostat

equipment

Fig. 4 Thermal conductivity measuring

Category Specification
Outer diameter 1,150 mm x 1,230 mm % 1,930 mm
Temperature range -40 ~ 150°C
Humidity range 10~98 % RH
Power 380 VAC 7 kW
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Table 2 Specification of thermal conductivity equipment

Category Specification
Plate temperature range Variable, 0°C to 100°C
Cooling system Forced air
Plate temerature control Peltier system
Thermocouple precision +0.01°C
Number of programmable temperature 10
Specimen size (L x W x H) mm 305 x 305 x 100
Thermal resistance range 0.05 to 8.0 m*K/W
Thermal conductivity range 0.002 to 2.0 WmK
Repeatability 0.25 %
Accuracy +1t03%
Dimensions (L x W x H) mm 480 x 630 x 510
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Fig. 5 Storage of thermo-hygroscopic state of insulation specimen
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Table 3 Confirmation of change in aging deterioration change of XPS insulation applied to the KEPCO building

Date of confirmation of aging

Business establishment Completion year Thickness of insulation B Y v
A regional headquarters 2016 120 mm February 9, 2017
B regional headquarters 2016 100 mm February 10,2017

C branch office 2012 65 mm March 21, 2017
D regional headquarters 2008 70 mm April 14,2017

E branch office 2007 65 mm May 4, 2017

F branch office 1991 100 mm May 12,2017

G branch office 1993 50 mm January 22,2018

H branch office 2008 40 mm August 30, 2017
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Fig. 6 Experimental results of acceleration aging of insulation
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Advanced research C The measurement results in this study
m Initial thermal conductivity m Thermal conductivity over 100 days

Fig. 7 Comparison of initial thermal conductivity and thermal conductivity over 100 days
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Table 4 Construction of wall applied to building of KEPCO

Business establishment Composition of wall
E branch office Granite(30 mm) + XPS(65 mm) + Concrete(150 mm)
. Aluminum panel(3 mm) + XPS(120 mm) + Concrete(150 mm) + Plaster
A regional headquarters board(12.5 mm) + Plaster board(12.5 mm)
D regional headquarters Granite(30 mm) + Cavity(20 mm) + XPS(70 mm) + Concrete(200 mm)
B regional headquarters Aluminum sheet(3 mm) + Cavity(150 mm) + XPS(100 mm) + Concrete(180 mm)
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A regional headquarters B regional headquarters D regional headquarters E branch

THK3 Aluminum panel THK3 Aluminum sheet

THK30 Granite THK30 Granite

THK150 Cavity THK20 Cavity THK65 XPS

THK150 Concrete THK100 XPS THK70 XPSI THK150 Concretel

THK25 Plaster board

THK200 Concretel THK200 Concretel

Fig. 8 Three-dimensional modeling of the steady-state heat transfer analysis
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Table 5 Analysis of thermal performance due to aging deterioration of insulation applied to building wall

. ' Apply initial performance Application of aging deteriorated
Business establishment performance
U-value Heat loss U-value Heat loss
E branch office 0.389 W/m’K 12.460 W/m® 0.423 W/m’K 13.521 W/m®
A regional headquarters 0.214 W/m’K 6.840 W/m? 0.217 W/m*K 6.943 W/m’
D regional headquarters 0.205 W/m’K 10.766 W/m® 0.220 W/m’K 11.538 W/m®
B regional headquarters 0.133 W/m’K 7.914 W/m? 0.134 W/m’K 8.029 W/m*
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Fig. 9 Division along the area of the wall

+ Indoor temperature : 22 °C
- Indoor surface heat transfer
coefficient : 9.09 W/m'K

Exterior

* Outdoor temperature
: Seoul hourly data

* Outdoor surface heat transfer
coefficient : 22.25 W/m'K
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Fig. 10 Unit room modeling of F branch office
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Fig. 11 Replacement from ceramic cement panel to SIP panel

Table 6 Conductivity applied by case

Apply initial conductivity  Apply 2017 year conductivity Apply 2017 year conductivity & Replacement from ceramic

cement panel to SIP panel

XPS:0.031 W/mK
0.028 W/mK 0.031 WmK EPS : 0.034 W/mK

OSB : 0.160 W/mK

mm Heat loss  -A--Rate of change in heat loss
380,000
08%

370,000

360,000 ,

350,000 B

Heat loss (W)

340,000

007%
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Apply initial conductivity  Apply 2017 year conductivity Apply 2017 year conductivity
& Replacement from ceramic
cement panel to SIP panel

Fig. 12 Analysis of heat loss of F branch office
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