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Abstract
Recently, the insulaton design standards for reducing the energy use of buildings have been strengthened. Althoug
insulation work is the most cost-effective method for reducing the primary energy consumption per unit area of a
building, there are no evaluation criteria for insulation performance at the time of construction and completion

inspection. The purpose of this study is to provide objec
and a method for easily experimenting with the exterior

tive data by establishing a standard for an analysis method
wall thermal transmittance of an apartment house using a

thermal transmittance measuring device(TESTO 435). For the exterior wall of the test subject, the specific heat per

unit area exceeded 20k]J/(m’ + K), and the data at the end

point suitable for ISO 9869-1 were analyzed by the average

method. The measured values of the thermal transmittance for 3 consecutive days converged within +5% of the desing

value, and the standard deviation of the thermal transmi

ttance by day decreased in the order of 1-Day > 3-Day >

2-Day. The standard deviation of the thermal transmittance by time period decreased in the order of 00:00~24:00 <
19:00~07:00 < 00:00~07:00. The measured value of the thermal transmittance for the time perion of 00:00 to 07:00 per
day almost coincided with an error of -3% to + 2% compare to the desing value.
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Table 1. Surface thermal resistance by criteria

Surface thermal resistance, R (m* - K/W)

Reference Interior (Rsi) Exterior (Rso)
Energy saving Extermal wall
design critera (including side wall, 0.11 0.043
(korean) windows and door)
Opaque surfaces
representing the
ISO 13788 effect of corners, 0.25 0.04
furniture, curtains of
suspended ceilings
Upwards 0.10
ISO 6946 Horizontal 0.13 0.04
Downwards 0.17
Testo 435 _
(Equipment) 0.13
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Table 2. Measurement result old building (U-value)

Test U-value W/ m- k)

B.d Area Time heat Actual

) Drawing/
source ~ Drawing

(ave)  Actual(%)

A 0.559 0.588 + 5
B Exterior  24h Airf. 0.809 0428 - 47
,,,,,,,,,,,,,,,,,,,, wall ~ condi
77777777 C  (direct)  48h tioner 0.679  1.105 + 62
D 0.543 0977 + 79

* Measurement period : 2018.07~2018.08, B.d : building
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Table 3. Test plan for thermal transmittance of exterior wall of apartment building (direct face)

Region Measurement Type Measurement Building Heat source supply Complet  Experimental
Block y I - -
! period (direction) location area method in date method
City Group
' ‘20.01.09~ 58A Floor-hot water
G Sejong Central 2 20.01.12 (The north) Room 3 heating 2019.09
19.11.25~ 84A1 Floor-hot water
u Ulsan Southern 191127 (The north) Dress room Exterior heating 2019.11 Heat flow
wall mehod
19.12.24~ 59A o (direct) Electric heater
H Hanam  Central 2 19.1507 (The north)  LVing room heating 2019.11 (Testo 435)
' 19.12.31~ 84A Floor-hot water
K Sejong Central 2 20.01.03 (The north) Dress room heating 2015.03
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TESTO 174H

TN 4250.B

FLIR E40

Figure 1. Measurement equipment

H.F.M
(Body)

Unit plan Equipment installatin(Testo 435)

Figure 2. Experimental equipment setting example ( G BL )
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Table 4. Thermal transmittance design value by block

Block Material layer Thickness  Conductivity Resi?tancess
(m) (W/m - K) (m* + K/W)

1 Interior surface 0.1100

2 Gypsum board 0.0125 0.1800 0.0690

G 3 Insulation(eps)’  0.1000 0.0320 3.1250
4 Concrete 0.2000 1.6000 0.1250

5 Exterior surface 0.0430
Sum 3472
U-value(W/m?-K) 0.288

1 Interior surface 0.1100

2 Gypsum board 0.0125 0.1800 0.0690

U 3 Insulation(eps)’  0.1200 0.0320 3.7500
4 Concrete 0.2500 1.6000 0.1560

5 Exterior surface 0.0430
Sum 4128
U-value(W/m?-K) 0.242

1 interior surface 0.1100

2 Gypsum board  0.0125 0.1800 0.0690

H 3 Insulation(eps)’  0.1500 0.0320 46880
4 Concrete 0.1400 1.6000 0.0880

5 Exterior surface 0.0430
Sum 4.998
U-value(W/m?-K) 0.200

1 Interior surface 0.1100

2 Gypsum board 0.0095 0.1800 0.0530

K 3 Insulation® 0.0120 0.0400 0.3000
4 Insulation(eps)®  0.0900 0.0370 24320

5 Concrete 0.2000 1.6000 0.1250

6 Exterior surface 0.0430
Sum 3.063
U-value(W/m?-K) 0.326

(eps)' : 2class 2nd, insulation? : soft form, (eps)® : 1class 4th

Table 5. Test end criteria according to 1ISO 9869-1

3) (Ritexomaist ~ Rintoms)ast/Rintorsasx 100 < +5%

Sortation  2) (Rr-ena - Raan)/Rr-20x100 < £5%
) Dr =3
Value 4 -2.0 % -15 %
Suitability O O O
u Value 2 -14.0 % -14.0 %
Suitability X X X
H Value 3 214 % +46.0 %
Suitability O X X
K Value 3 -09 % 2.0 %
Suitability @) O 0
Dr : Duration of the test (days), 19:00~19:00(next day),INT : Integer
Rr-end - Thermal resistance obtained at the end of the test (m* - K/W)
Rr-2s : Thermal resistance obtained 24h before of the test (m* - K/W)
Rintexoraifist @ Thermal resistance obtained from the first time period
during INT@XDT/3) (m - K/W)
Rintexoraest @ Thermal resistance obtalned from the last time period

during INT@XDT/3) (m - K/W)
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Figure 3. Standard deviation of u-value by time zone (1-day)
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Figure 4. Standard deviation of u-value by time zone (2-day)
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Figure 5. Standard deviation of u-value by time zone (3-day)
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Table 6. Temperature and humidity by date and time

K BL G BL

Min Max  Ave Min Max  Ave

Sortation : :
Night time (00:00~05:00)

Day time (12:00~17:00)

Inter 16.90 1830 17.70 1990 2240 21.33
nterior
1750 1970 1809 2090 2290 22.04

Temperature
-6.70 1.90 -2.02 1.40 410 249

Exterior
1.10 770 478 570 11.00 8.86

ooy 0040 7230 68.16 3560 3850 3699
5030 7550 €684 3520 3720 36.34

Humidit

Y Exeri 60.80 8650 76.07 6810 8510 76.75
xterior

4470 6780 57.09 4340 6850 56.67

Measurement date : 1-day ~ 3-day

G BL¥} K BLY] AY - 9] 2E2 (W)= o7} 19T

2 71 13CEY oF 6C AE =9kor, o]k ISO

9869-1 ¥ F¥F-& FH|(TEST 435) wiwdolA st
£ 10T o9l x4t 7|2 Aghsit.
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temperature difference by time (1-day)
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Figure 9. Heat source supply method
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Table 7. Thermal transmittance of change by date and

time zone
] U-value(W/m* - K)
Sortation
G BL U BL H BL K BL
Drawing 0.288 0.242 0.200 0.326
1-day 0.303 0.296 0.403 0.339
2-day 0.308 0.254 0.276 0.346
i 3day 0306 - 0217 0343
4~day 0.300 - - -
Ave 0.304 0.275 0.299 0.343
Mea- Rate-c  +5% +13% +49% + 5%
............................. cure 0o o i o
2-day 0.277 0.247 0.314 0.329
00:00~ 3-day 0273 - 0238 0314
07:00 4-day 0297 - - -
Ave 0.278 0.269 0.324 0.318
Rate-c - 3% +11% + 61% + 2%
Av e : Average
Rate-c : rate of change, (average - drawing)/drawing x100(%)
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