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ABSTRACT: The purpose of this study is to accomplished an in-site evaluation method for
existing building insulation status using Infra-red camera and to consider improvement per-
formance to prevent condensation and draw the optimum insulation design method for building
using simulation tool. The research contents of this study are to evaluate validity and suitability
of building insulation defect survey using Infra-red camera for apartment housing with temperature
and heat flow pattern analyze method. Based on this research, the three corners, weak part in
condensation, were selected in apartment building and conducted simulation by three-dimensional
steady state. From the results, it is required to strengthen insulation design, and it is founded that
existing insulation system typically applied to most Korean apartment housings have serious
insulation defect that insulation is disconnected by structural components at the joints of wall-slab
and wall-wall in envelope. Thus, it is considerate to need a concrete technology improvement.

Key words: Infra-red camera(d 94 7tulel), Temperature difference ratio(TDR, & =#4]-&),
Thermal performance(¥+84l %), In-site evaluation method(# % ¥ 7}), Steady state
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Table 1 Index of condensation decision in inside surface wall by TDR;"”

Thermal | Range
performance of _heat TDR Probability of condensation Cases
bridge
When the room temperature is 20C, ° ’II;I;Z ga‘;alil % \())é /rt:lleKsurface wall is
Excellent | Negligible | < 0.15 the outdoor t_emperatgrg 1S -10C, o The U value of the corner of the
and the relative humidity is below outer wall is less than 0.6 W/m2K
85%, condensation should be occur. . ’
o Insulated lintel
When the room temperature is 20C,
the outdoor temperature is 10T, o The U value of the surface wall9)
Good Aporopriate 0.15 | and the relative humidity is below U is greater than 12W/m K
(average) Dprop ~0.2 | 80%, no condensation occurs, but o The U value of the corner of the2
when the relative humidity is above outer wall is greater than 0.6 W/m'K
85%, condensation occurs.
When the room temperature is 20C,
the outdoor temperature is 10T, .
0.2 |and the relative humidity is below The U value of the corner, of the
Poor severe ~03 |70%, no condensation oecurs. but outer wall is 0.9~15 W/m’K
’ con(gensation occﬁrsorivhen th’e o Uninsulated concrete wall and floor
relative humidity is above 80%.
When the room temperature is 20C, ° ’;}rl:atgr ‘;fll;r? f ,fc_) 3;,2321}){ COTDET 18
Very poor very > 03 the outdoor t.emperatx‘lr.e 1S -10€, ° Floors and insulated wall whose U
severe and the relative humidity is below ! £ th 3D "
70%, condensation can occur value of the corner is greater
’ ’ than 1.0 W/m’K

Table 2 Effect factors of evaluation using infra-red camera for building insulation

Measurement factors

Description

Measurement
building factor

surface emissivity, temperature of each wavelength, temperature, thermal conductivity,

etc.

o

Surrounding
environmental factors

wind velocity, absorption factor of solar radiation, radiational cooling, precipitation,
ambient temperature, surface cooling due to the evaporation of surface moisture,

relative humidity, etc.

Shooting time and
measuring instrument

° time when the difference between the outer surface temperature and the room

temperature is the greatest (when the heat flow is the greatest)

> resolving power, speed of data recording, shooting range, measurement resolution, etc.
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Table 3 Outline of the apartments and infrared site measurement
Classification A apartments B apartments ‘ C apartments
Insulation Insulated
system
wall heat
transmission Meets legal standards
coefficient
Address Ansan, Gyeonggi-do Euiwang, Gyeonggi—do Seongbuk-gu, Seoul
Buildin 2 floors underground, 15 3 floors underground, 18~25 2 floors underground, 6~20 floors
size g floors above ground, floors above ground, 10 buildings, | above ground, 14 buildings, 660
470 households in total 696 households in total households in total
Move-in April 2009 April 2009 June 2009
Date of 21 : 00 March 11, 2009 21 : 00 March 17 2009 21 : 00 April 16, 2009
shooting ~03 : 00 March 12, 2009 ~03 : 00 March 18, 2009 ~05: 00 April 17, 2009
t - 105~121C 144~157C 88~118T
emperature
e 243~268C 244~252C 248~288C
emperature
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Table 4 An index of condensation judgement
in inside surface wall by TDR

Mea- Indoor Indoor |Qutdoor ) Thermal
surement surface tem-— tem- | TDRi| perfor-
part perature|perature mance
11 221 274 114 {033 | Very bad
. 21 249 274 114 | 0.16 Good
i Fig, 2
(a) Infra-red image (b) Photo 8| 23 | 214 | 114 |02 Bad
Fig. 5 Photographing result in door 4] 727 | 274 | 114 ] 029 Bad
1] 248 274 114 1016 |  Good
Fig. 3|12 253 274 114 | 013 | Excellent
31 266 274 114 | 0.05 | Excellent
Fig. 4 11 257 274 114 | 0.11 | Excellent
31 260 274 11.4 { 0.09 | Excellent
11 197 214 114 | 048 | Very bad
Fig. 5 21 213 274 114 | 0.38 | Very bad
H 31 212 274 114 | 039 | Very bad
(a) Infra-red image (b) Photo 4) 216 | 274 | 114 ) 036 | Very bad
: A . . 11 205 27.1 11.4 | 042 | Very bad
Fig. 6 Photographing result in kitchen 21 215 e 114 036 | Very bad
Fig. 6| 3| 239 27.1 114 | 020 Good
41 223 27.1 114 1 031 | Very bad
51 233 27.1 114 | 024 Bad
1) 189 25.0 114 | 045 | Very bad
21 192 25.0 114 | 043 | Very bad
Fig. 7 20.1 250 114 | 0.36 | Very bad
3_ - 41 206 25.0 114 | 032 | Very bad
(a) Infra-red image (b) Photo 5] 210 | 20 114 | 029 Bad
Fig. 7 Photographing result in bed room
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Table 5 Boundary conditions”™
Ttem bouqdary Remarks
conditions
dry-bulb Indoor 20
temperature -
(T) Outdoor -11.3 Building
energy
Indoor surface heat 9.09 saving
transfer tate (W/m'K) : design
Outdoor surface heat 9396 standard
transfer tate (W/m'K) ’
Warm water 45 _
temperature(C)
Ondol Ondol pipe
heat transfer 1500 -
tate(W/m'K)

Table 6 Material properties(5)

Maternials Density |specific heat cortll(liircr?ii{flit

used (kg/m') | (kcal’kgC) (keal/mh acs;
concrete 2,240 0.21 1.6
gypsum board 863 0.27 0.18
Cement mortar| 2,020 0.21 14
insulator - - 0.034
parapet 2,240 0.21 1.6
brick - - 0.6
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Table 7 Simulation model of evaluation part

Modeling
Part Highest Typical Lowest
story story story
Case 1 ) L
balcony+
(outer
wall/inner

wall) joints

Case 2
sidewall
/inner
wall joints

Case 3
balcony+
(outer
wall/outer
wall) joints

o 3D right-angle parts O upper part(ceiling)
@ lower part(floor)
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Table 8 An index of condensation judgement in inside surface wall by simulation

Regulation 10% reinforced 20% reinforced | 30% reinforced | 50% reinforced | 100% reinforced
surface surface surface surface surface surface
Classification “1 T |Gr “| T |Gr -l T |Gr T |Gr | T |Gr “| T {Gr
tempe™ |y | og| TP |y | g | temPeT |y | g (tempeT) | g |tempeT| | g | temPe |y g
rature R e rature R e rature R e rature R e rature R e rature R e
() ) () () (T) ()
. (reht-anglel o0 |016| 2| 1850 |016| 2 | 1854 |0a5| 2 | 1857 |0a5| 2 | 1865 |0a5] 2 | 1883 |0u5] 1
typical | Part upper
SIOry | right-angle
part lower 1656 |021| 3| 1672 1021 |3 | 1687 |020| 3 | 1701 {020 2 | 1727 [019| 2 | 17.80 {018 2
highest |right-angle
¢| story | part upper 1964 (0127 1| 1973 [012] 1 | 1981 |[012| 1 | 1993 [011| 1 { 2000 {011 |1 | 2023 |01l | 1
A
lowest |right-angle
g story | part lower 1676 (020 3| 1691 |020| 3| 1704 |020]| 2 | 1716 |019| 2 | 1739 [019| 2 | 1786 [017] 2
1 ° outer wall : 65.0|° outer wall : 71.5 | outer wall : 780 | outer wall : 84.5| outer wall : 97.5(° outer wall : 130.0
e ceiling of the e ceiling of the o ceiling of the o ceiling of the |°ceiling of the |e ceiling of the
insulator highest story : highest story : highest story : highest story : highest story : highest story :
thickness(mm) 90.0 99.0 108.0 117.0 135.0 180.0
(Grade A insulator)|° floor of the o floor of the o floor of the o floor of the o floor of the o floor of the
lowest story : lowest story : lowest story : lowest story : lowest story : lowest story :
55.0 60.5 66.0 715 825 110.0
. [rehtanglel 509 101311 | 1585 [013] 1| 1590 013 1| 1595 |013] 1| 1606 |013] 1| 1631 |012| 1
typical part upper
story |pright-
right-angle 1456 [017) 2| 1471 |017| 2 | 148 [016] 2 | 1498 [016| 2 | 1522 |015| 2 | 1571 |014| 1
part lower
highest |right-angle
¢ | story | part upper 1533 [015| 2| 1554 |014| 2| 1569 |014| 2 | 1589 |013| 1| 1619 [012]| 1| 1683 [010] 1
A -
g [lowest right-angle) 1500 | 0191 21 1411 |019] 2 | 1424 |018] 2 | 1435 |018| 1| 1457 |0a7| 1| 1693 |010] 1
E story !part lower
2 o sidewall : 90.0 |- sidewall : 99.0 |° sidewall : 1080 |e sidewall : 117.0 |- sidewall : 135.0 |° sidewall : 180.0
o ceiling of the |° ceiling of the o ceiling of the o ceiling of the |°ceiling of the |e ceiling of the
insulator highest highest highest highest highest highest
thickness(mm) story : 110.0 story : 121.0 story : 132.0 story : 143.0 story : 165.0 story : 220.0
(Grade A insulator)|° floor of the o floor of the o floor of the > floor of the o floor of the o floor of the
lowest lowest story : lowest lowest lowest lowest
story : 55.0 60.5 story : 66.0 story : 715 story : 825 story : 110.0
right-angle
20.2 . . . . . . . . X . .
{ypical | part upper 020 1011 | 1| 2003 (011 1 2001 (0111} 2000 f011| 1| 1997 |011| 1 198 (0121
StOry Iright-angle
part lower 1348 (030 3| 1361 {029 3| 1371 {029 3 | 1381 [029| 3| 1397 (028 3 | 1425 (028 3
highest |right-angle
| story | part upper 2009 |011| 1| 2017 [011|1| 2029 |010| 1| 2034 |010{ 1 | 2037 |010| 1 | 2044 |010| 1
A .
lowest |right-angle
E story | part lower 1036 |039| 4| 1046 |038| 4 | 1055 |038| 4 | 1063 |038| 4| 1076 [037| 4 | 1097 {037 4
3 e outer wall : 65.0]° outer wall : 71.5 | outer wall : 780 {° outer wall : 845 > outer wall : 97.5|° outer wall : 130.0
o ceiling of the | ceiling of the o ceiling of the o ceiling of the |- ceiling of the |e ceiling of the
insulator highest story : highest story : highest story : highest highest story : highest
thickness(mm) 90.0 99.0 108.0 story : 117.0 135.0 story : 180.0
(Grade A insulator)|° floor of the o floor of the o floor of the o floor of the e floor of the o floor of the
lowest story : lowest story : lowest story : lowest story : lowest story : lowest story
55.0 60.5 66.0 715 825 : 1100




494 A4e o8 FEFY wA4E B} 411

2 FAEE AL B .
meks FAEE H3 Gdr|E9 2o] vy
o) 9d T Ao n A g 2= gl B
AT F7F ATk

o
=
=
=

452 Case 254+ Hots) |42
293t o] FAs 349 $-2H50) )

=9 gd7iE dn 2ERAS 10%, 20%, 30%,

50%, 100% 274N AE u Zhzkel thsh Al Edol A

F3) Boehanh 2 A 4 24 29 ve

e A2 FasAY 953 Adz vy
71E% s-A5-(akeh o A& 9drE iy )

=7 100% 78 Al Table 8029k 7o) oA (a) typical story(right-  (b) typical story(right-
HEQ 253A 15302 o et angle part upper) angle part lower)

Ae A2 Yeyt

o ox ¢ ;L o, mlo
o 4

4 o ruR

o
=

453 Case 3(%‘5_'—|+(9|tﬂ/'-ﬂ§1) Hehs) s Mt

S5 da A&y vdr|E g6 adFEAS
10%, 202, 30%, 50%, 100% F7FAH & o 22}
e Al gl S T3 Briatdoh 1 A9 A%
¥ @h7IE wF A VERH Ase 44 &4
Frtehe] gd dee 944 A3 A3 Aoz
et 39 B9 disl 42FAE Zh2 10%,
20%, 30%, 50%, 100% F7HAIA 4edE 29
% Table 8914 ®i=utgl o] TDR 3533 457
o2 g3 ATol w$ EFe Roz Yyeh) Az
7t $#E R ok

(¢) Highest floor (d) Lowest floor
Fig. 8 Distribution of the surface temperature
when the joints between the sidewall and
the inner wall meet the insulation standard

ol T3 RHdE dy ddr|En o) gd
A0S W 41 Age] et 75;7]- TR (a) typical story(right-  (b) typical story(right-
ol & 5 7J sRtemye djd & g A angle part upper) angle part lower)

l

S #gdd 471 A ‘3}
Fig. 8% Fig. 9% Z¥+W¥ Agro vyt
AT BFAS W ol BATA 100% 78A)

5.2 B (c) Highest floor (d) Lowest floor
Fig. 9 The distribution of the surface tempe-
2 AT E 8 ddHA etk 58 23 rature when the joint between the side-
o2 HeH E3y BEAVEE olf, AA AE wall and the inner wall meets the insu-
S ddoE HgM d3d 248 ANsYn F lation standard and the insulation thi-
Y AU 22 9 JdEE A9 5 I ckness was increased by 100% as com-
B7tA %21 TDRE ol &3t 7& AEE9 vg pared to the insulation standard of the
Aes AUH oz sl =8 TE5FgA Building Act



412 EER

el da¥ Aom AvEE Rt REHow
UYENG &g E913kyth

T AEHolHE 53 dY Ay 2 Y W
o] 985 Z3d wE 2 X A%
23 A7, 43 ddr 7 o] ddsty
27} $EEHE 294 @49 FA 2w
2P EFAEHE S 5+ 9= RS &
F7F v wEA dA AFE gddA
ZEE 9ddAst desitds B34
gon, FU FEeFHAAN FE Hesln
g 3oz AF39e W =AY, 4%
Aeol &S & + ok
3R AAdFd] U3 34, 23
3} ‘6‘-’] ad 3%y %7—13} H3}
, B8 IEogE: FAHe dggo] n
Row, gL wrh FAEA oS J&A
o] 8% o2 AlgdHY

tlo
i 2
m i)

do ¥ 4 O @ |o o ox
Flflﬂ‘-j?:m?-‘?ﬂl

l‘lf ol

éom )

- e4d

nzl_x

o

iz

. Building energy saving design standard, 2008.
. Korea Institute of Construction Technology, 2003,

A Study on Development of the Technology
for Standardizing IR-method-based Building
Insulation Evaluation Methods, Ministry of
Commerce, Industry and Energy.

. KS F 2829, 2005, Thermal performance of buil-

dings—Quantitative detection of thermal irregu-
larities in building envelopes—Infrared method.

. Seung-Eon Lee, 2006, Application of the Ther-

mal Analysis Technique for In-site Evaluation
of Condensation, Korea Green Building Council.

. ASHRAE, ASHRAE Handbook 2001, Funda-

mentals, ASHRAE, 2001.

. Physibel, RADCON manual, Physibel, 2007.



