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Absiract The standards for energy-saving in buldings have been sfeadily stengthened becawse of the mandatory zero-
esergy buildings. But the insulation stadards for besting and cooling water piping have been applied since 2002,
waihout major changes. Thus, thus study is = basic research step in proposing enerzy-saving insulation standards for
bulding piping in preparation for mandatory zero energy, snd the critena for domestic and foreign piping woulation
thicknes: were imvesnigated. Surfice temperature was compared when each thickness crerion was applied. As 3 result
of the domestic and abvoad standend comparizon, the domestic standard (RCS) for imsulation of piping stpulstes fhe
type aud thicksess of inmlation material However the AFRAE standard is defined for thermal conductivty. The
siomlaton analysis with piping insulation thickness sccording o each enterion showed that for low temparatoe:, the
beat trzncmussion coefficient was 08 Wir/ - K. ASHRAE 0.72 Wirt - K, respectively, and the surfice femperature:
was 6°C kigher For medim femperatures. the beat transmission cosfficient of the KCS was 072 Wir * K. and
ASHRAE waz D468 W/ri + K. respectivaly, and the sfice femperatire was 15°C higher for the KCS. Additionally
when applying the KCS. standard. the heat loss per unit length war 11 fimes higher (KCS 43256 Wim, ASHRAE
41106 Wian) for low temperatures and 135 times bugher (RCS 5,635.0 Wim. ASHRAE 45194 Wim) for medium
texmperatures than in the case of applying the ASHRAF. The thermal parformance of the inculating materals according
to the ASPRAF standards is betier than dhis of following the ECS. Thux, the domestic standad also needs to clianze
the thickness of the msulation to fhe beat conductivty standad ratber than the desizuation for the fype of isulation.

Key words Hot water pips(£-4 1)), Inmilanon thuckness of ppe( 2
Sumulation( ] £7413)
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Companson of Insulation Surface Temperature and Encrgy Loss Based on the Location
of a Hot-Water Pipe
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(Receied Ocrober 10,

the enerzy
exh matiod e 10 3pplying the temiznon ke stndard toed o homa anl sroad, The e ahad locwed
snddoors msimtamed s almoct sonstunt temperature, but the prpe metalled i wn undesgound paung pace was gealy
affactad by the outsde temperstize. In wistes. the sverage temperatuze: of the made ipe shaft and the one on the
firstbasement floor were 2557 and 331, respectively. The simulation anabysis for each insulation-thickness criterion
<howed that the heat loss decrezsed by 1.7-2.2% wh applied The analysis of the fwo
instaliation loeations showed thit the average hest loss of the pipe stalled in the wnderground parking space was
36.7% greater thun that of the pipe fhat was installed mdoors

Key words Hot water pipe locanion( S+ ¢ U4 5
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The Study to Improve the Insulation Standards for Mechanical Pipes
based on Energy Performance
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Abstract

The need for zerc-energy Iuilding s increasing 2 a means of actively responding to dimale change. Since pipe
insulation i 4 factor that rinimizes heat loss of cooling and hesting faciltes, it 3s necessary 10 clieck pipe nsulation
standards and prepare improvement plans of preparafion for cerfficaion of 7ero energy buildings. Tn his siudy,
dometic pipe wnsulation stardards were cliecked lo prepare new insalation standands bsed on enengy performance.
Through the development of a pipe insulation calculation program, the heat loss according fo the insulation thickness
of the piping for mechanical ficilities was compared and reviewed. As a result, applying the Insulition thickness of
the KCS standard for the same conditions increascd the heat loss by an average of 10% compared to the ASIIRAL
standard. For this reason, it s necessary 10 revise the pipe insulation thickness standard in consideration of heat loss
due el conducivny un o nslition ik, UL e progiun s L g 1 sl o G
pipe nsulalion Lesed ou energy performance and help (0 determine the standard for pipe insulation thicknes

Key words: Mechanical Pipe(7| 4|41 0], Insulation Standard (% 7| ), Energy savingtel| L] 4 35)
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Comparison of Standards and Energy Loss for the Insulation Thickness of Heating Pipes
Exposed to Outdoor Air
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Abstract This study compares the standard of insularion thickness of heating pipes exposed to ontdoor air and the amount
of enerey loss, and the research results arc as follows. 1) As a result of comparing “the Korcan Constriction Specification
- Mechnical Insution (KCS 312005:2021)" and ‘the 2021 Tnrernational Enerzy Conservation Code' the standard for thermal
‘conductivity fest temperature condiions in Korea needed fo be improved. Tn addition, it was necessary to add a hickness
standard according fo the installation locarion of the pipe. 2) As a result of on-site measutement of pipe femperanue, in
the case of an undergronnd parking lot, it was measured sinilaly o the owside temperane. This value was much lower
than the KCS standard temperanure (30 C). and it was found that a 1ot of Leat 1oss occured. 3) As a result of comparing
e . encrgy loss according o the abient tewpesure, if was found hat the smow of cuergy loss increased
by 234% when the feld auesureaent fewperaue (3.1°C) was applied than the KCS reference tensperature (30°C),

Key words Heating Pipe Insulstion Thickuess( €9 %71). Heat Loss(44). Domestic and Tnternstonsl
Standard(=42] 7| ), Winter Temperanure(4 &2 &)
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Data Interpolation Methods for Encrgy Measurement and Verification (M&V) in Building

diob

Energy Analysis
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Abstract This study aims o present an interpolation methad to perform Measwrement and Verifiearion (M&V) in building
energy analysis and its validity was verified through case sudy. For interpolation of data, i is first judged whether the
oulier among the measurcment data of the buikling cnergy system is nomal, and the value detemined as an error gocs
through sclecting an appropriate interpolation method by reflecting ifs characteristis. As a result of interpolating missing
data for 1 day, 1 week. and 2 weeks through the casc study, since short-erm missing data has a lincar characteristc, reiable
data could be obtained even by applying the mem ierpolation method. However, i the case of long-tem missing data
volatilit s high, making it difficut to secure the relability of the data in that way. In such a case, it is deemed reasonble
o use the regression method using the regression method derived fiom the correlated variable data

ation(M&V)( 4 2 %), Building Ener

Key words Data Interpolation(t]9) €] £ 25), Measurement and Verifi
Analysis(2 &1 17
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A study for improving thermal performance of

the hot and cold water pipe insulation standard in buildings
Hyung-Kyou Ryu *

* KRIMFI (Korea Research Institute of Mechanical Facilities Industry)
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A Study on the measurement of temperature and humidity of winter and summer
in the mechanical space for pipes to improve pipe insulation standards

4% (Seung-Tlyuck Choi)? , 9 (lyung-Kyou Ryw)

aaz)Adv AT d

Korea Research Institute of Mechanical Facilities Industry

Abstract In Korea, all new buildings must become zero-ener
necessary 1o save energy in piping. The pipe insulation standard y
asurement data. The ambient temperature standards of pipe insulation standards are 30 degrees in summer
As @ result, the average temperature was 38,1 degres in the machine room in summer and 7.9
Therefore, there is a need fo revise the pipe insulation standards.

buildings from 2025. For zero-energy building

2002, 50 it is necessary to

s has not been revised since

review through 1
0 degrees in winter.
degrees in the underground parking lot in winter

Key words Pipe(v #), Pipe insulation standards(] €911 ), Mechanical space(7170141 4] 83t)
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Abstract This study compares and. analy7es whether the thickness of the pipe insulation of KCS standart and ASIRAIL
stemderds satisios (e curnent standrds. A Lot of caergy is being comsumed in buildings, wnd cacrgy Loss in pipe is @
big part. The cnergy loss in such buildings ean be reduce] Umough pipe msulation. As & resull of simulation adysis, in
e case of low femperaure veter, the surface femperaimre of fhe heat insulafing material did not safsfy the cunent standant
in the insulation thickness of the KOS standard. On the other hand, the curent standand was safisfied in the ASHRAE
standard, Therefore, in order to satisfy the reference temperanire, it is necessary to change the standard of the insulation
thickness o stisfy the thermal conductivity.

Key words Simulation(] 111 9]41), ipe insulation(™3t THe). Surface temperaturef 3£ 7 815),
Insulation Thickness(FH 4
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Abstract This sty amalyzad the pipe heat loss by messurng the surfice temperature of exposed pipes m apumnents. The
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Abstract The govemment announced the Green New Deal, which declared carbon neutrality by 2050, Therefore, it s necessary
to reexamine the energy strategy from a carbon-neutral perspective in the construction sector. In particular, buildings consume
a lot of energy in the use stage, it is necessary to strengthen insulation standards. In this study, a design program was
developed that can respond to the pipe insulation standards in the mechanical equipment field, which has been non-actively
dealt with compared to building insulation, based on energy performance, This program can produce reports of related energy
savings and insulation cost so that it can be used for actual work
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Abstract This smdy smed 19 sxamme the nesd 10 Improve e Koten Consmmucrion Technology Stndard (KES) by compesing
the heat Ioss of pipes sxposed fo cutoor i I Wit by spplying e pips inaaticn Suckaess of the KOS and e Insemations]

‘Enerzy Conservanon Svedard (TECC). Tn winter, ourdoor sir-exposad pipes covse Taore heat loss. fun pipes. istalled indoors,
fug the current ECS do ot hxve ssparaie Gependiog on fhe location of pipss. The TECC snzzsst addisionsl
segulstions according 1o the location of the pipe. which is expected o camse less hent loss than that of owdoors fnselled
i Eoree. The coupasison showed that KICS tad & lower beat loss then TECC under geser conditions, bur CS generaed
2 higher hest Ioss m case Of B4 and R-12 of TECC, which are conditions when ourdoor air was menlled Therefore. 1t
was confirmed fhst sddisona] regulations wers needid for pipss exposed fo extemal ar in EICS.
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+ 5

1. jZhe| &4 LpE (W/m)

ges
&%

X| £ (um) 100° 149° 204° 260° 316° 371° 427° 482° 538°

15 151 260 401 568 767 1004 1287 1622 2020
20 174 300 467 666 905 1191 1534 1944 2432
25 201 350 548 786 1072 1419 1837 2339 2937
32 235 411 648 936 1285 1711 2226 2846 3588
40 258 452 715 1037 1430 1909 2491 3194 4036
50 300 530 846 1234 1711 2296 3011 3875 4914
65 343 611 980 1436 2001 2696 3547 4579 5820
80 396 708 1143 1685 2359 3190 4210 5451 6943
100 478 861 1401 2079 2926 3977 5269 6843 8741
125 562 1019 1670 2492 3523 4806 6387 8315 10644
150 644 1177 1937 2903 4117 5631 7499 9779 12529
200 797 1469 2438 3673 5232 7178 9583 12519 16067
250 958 1778 2967 4488 6411 8817 11788 15423 19807
300 1108 2069 3466 5258 7526 10365 13884 18173 23355
350 1202 2250 3778 5737 8222 11336 15182 19894 25576
400 1352 2540 4277 6508 9337 12884 17279 22644 29134
450 1501 2831 4776 7277 10452 14432 19365 25403 32692
500 1650 3121 5275 8047 11567 15990 21461 28163 36249
600 1949 3701 6273 9586 13798 19086 25644 33672 43374

« 701 2WW, UHY BEA WAl 0.8¢) SCH 40 mholx, £9|x71e F4 0.89 m/s

2% 21°C.
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2. df

rk

hehd A (W/M)

Nom.  Nominal Insulation Thickness
Pipe
Size 140
(nm) Bare 25mm 40mm 50mm 65mm 75mm 90mm  100mm 115mm  130mm

15 0.067 0228 0320 039 0527 0609 0.685 0.768

20 0.084 0228 0320 0396 0527 0609 0.685 0.768
25 0.105 0.280 0.359 0445 0530 0609 0.688 0.768
32 0.133 0280 0.399 0445 0530 0609 0.688 0.768

40 0.152 0320 0.399 0.530 0.609 0688 0.768 0.856

50 0.189 0359 0445 0530 0.609 0688 0.768 0.856

65 0229 0399 0527 0609 0.688 0768 0.856 0.938

80 0.279 0445 0527 0609 0.688 0768 0.856 0.938 1.017

20 0319 0527 0609 0.688 0768 0856 0938 1.017 1.118

100 0359 0527 0609 0.688 0768 0856 0938 1017 1.118

115 0399 0609 0688 0.768 0856 0938 1017 1118 1.118

125 0443 0609 0688 0.768 0856 0938 1017 1118 1197 1.276

150 0528 0688 0768 0856 0938 1017 1118 1197 1273 1355

180 0.608 0856 0938 1017 1118 1197 1276 1355 1435 1514
200 0.688 0938 1.017 1118 1197 1276 1355 1435 1514 1596
225 0.768 1.017 1118 1197 1276 1355 1435 1514 159 1.675
250 0.857 1118 1197 1276 1355 1435 1514 159 1.675 1755
300 1.017 1276 1355 1435 1514 159 1675 1755 1834 1913
350 1.116 1355 1435 1514 159% 1675 1755 1.834 1913 1992
400 1.276 1514 1596 1.675 1755 1834 1913 1992 2074 2154
450 1435 1675 1755 1.834 1913 1992 2.074 2154 2233 1312
500 1.595 1834 1913 1992 2074 2154 2233 1672 2391 2473

« BUAS AEUR) ot Fepd 2 k.

g

il
Ao
ok

1 el Betuy 2w 71 Au
2. ASHRAE HANDBOOK 2013 FUNDAMENTALS Chapter 23
3. National commercial & industrial insulation standards 8th: Midwest

Insulation Contractors Association, Endorsed by NIA
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3) T ELSH EEAR, HEV|E 4%t § sMUSEHM 2 oHX2E =L, 2019.05.29.

4)

Energy saving potential through optimal pipe insulation(Technical Article), Armacell Company homepage,
http://www.armaflex.de/www/armacell/ACwwwAttach.nsf/ansFiles/KeyTecHPEnergySaving207EN.pdf/$File/KeyTecH
PEnergySaving207EN.pdf

HEA, a3, 43Y Fen, SSFE CHX| ol HHEHiRto o] DA Hotol ek A, CHSHEH| ST
StadH=&%, 2010.11, pp.97-102

Anti Hamburg, Targo Kalamees, The influence of heat loss from pipes in an unheated basement on the
heating energy consumption of an entire typical apartment building, E3S Web of Conferences, Vol. 172,
2020.06.
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tez  Graph 5: Annual cost savings through optimal pipe insulation Graph 6: Annual reductions in CO, emissions through
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(A3 3) Hiat TFE S Z[Hetof e HE R EtAHIE M HlW

m 0O|= ASHRAE(American Society of Heating, Refrigerating and Air-Conditioning Engineers)
OM= HAEE oKX H MADH 7|FQ ASHRAE Standard 90.1 (Energy Standard for

Buildings Except Low-Rise Residential Buildings)2| 2010 7H& A| 1t CHH| OfL4X| &

S 30% Ol =0[7] 2lof B2 THE FHE WZF SLAH9

H

B |CC(International Code Council)2| =& Of|HX] HS Z[F(IECC, International Energy
o

=
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S
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HIECOR J|E AZSAETAIEAL High ©E 2HE 7[=0f ot 718 eh=

7) ASHRAE, ASHRAE Standard 90.1, 2010

8) 22ld, X5, R, U=of HiZ ©HE FH 7IE HFo 2 A, igtEH S SR, 2015.11

9) International Code Council, 2012 International Energy Conservation Code, 2012
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22, ME=o| iz THE 7]

M

2.2.1. 0O|=, ASHRAE Standard 90.1 : 2019

ASHRAE Standard 90.12 20074 Z|&0A 20108 7|& 7|FELCH AE UK AIRE
30% E0|E2 J|™ Al ASO UK A2 30% MZ 2ot = SiLtZ ity HEQ| A

(0]
S B+ #20| E3h 201949 2 WY 201087 SA,

(# 4) ASHRAE Standard 90.1 : 2019 H{2t CtE =74 7|

Fluid Operating Insulation Conductivity Nominal Pipe or Tube Size(mm)
temperature Range(°C)| Conductivity | Mean Rating | <25 | 25 to <40 |40 to <100 {100 to <200| >200
and Usage (W/m°C)  Temperature (°C) Insulation Thickness(mm)
41~60°C 0.032~0.040 38 254 254 38.1 38.1 38.1
61~93°C 0.036~0.042 52 38.1 38.1 50.8 50.8 50.8
94~121°C 0.039~0.043 66 63.5 63.5 63.5 76.2 76.2
122~177°C 0.042~0.046 93 76.2 101.6 114.3 114.3 114.3
>177°C 0.046~0.049 121 114.3 127 127 127 127

2.2.2. =, British Standard 5422 : 2009

M= 28 37|0f mat AME 28 HEM = FHeE £ SELEE 8%

(¥ 5) BS5422 : 2009 H{& T©HE T J|&E

Outside Diameter Tempertature of the Content (°C)
of Steel Pipe on 75 100 125
which Insulation Thickness of | Max Heat | Thickness of | Max Heat | Thickness of | Max Heat
Thickness has been | Insulation Loss Insulation Loss Insulation Loss
Based (mm) (mm) (W/m) (mm) (W/m) (mm) (W/m)
17.2 20 8.90 20 13.34 20 17.92
213 30 9.28 30 13.56 25 18.32
26.9 30 10.06 40 13.83 40 18.70
337 40 11.07 50 14.39 50 19.02
424 40 12.30 50 15.66 60 19.25
48.3 40 12.94 50 16.67 60 20.17
60.3 40 14.45 50 18.25 70 21.96
76.1 50 16.35 60 20.42 70 24.21
88.9 50 17.91 60 22.09 70 25.99
114.3 50 20.77 60 25.31 80 29.32
139.7 50 23.71 70 28.23 80 32.47
168.3 50 26.89 70 31.61 100 36.04
219.1 50 32.54 70 37.66 100 42.16
273.0 50 38.83 70 4372 100 48.48
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223. 92, LE23YZ JIS F 7008 : 2001

m 22O 32 B2 FHe ZetAES MESts ERE 7ZIE2Z2 MAIEO RUen, 1
o E2ME A&tz d% AlLtAol| o8 LHE5H0] AMESIEE St AUS.

(E 6) LESYTFZ JIS F 7008 : 2001 Hi# Tt F7H 7|=

L& S| #Z (mm)

2% (0 | ~10 | 10~20 | 20~50 | 50~80 | 80~100 | 100~150 | 150~200 | 200~250 | 250~300
~115 10 25

115~185 | 10 20 25

185~205 | 10 20 25 30 40

205~250 | 10 25 40

250~300 | 10 40 50 65

2.24. International Code Council(ICC), International Energy Conservation Code(IECC : 2021)

m X OfUX| Hf F4Q [ECCe 340 oHHM JH™E|D ol 0=, 5 & ©2 ME
= Al O] 7|&F2 Q85I {E4SID UZ.
m 7|7, HE S Hi&FOo E=2ZAH0| CHet LHES 'CHAPTER 4. COMMERCIAL ENERGY

EFFICIENCY'S] 'SECTION (C403. BUILDING MECHANICAL SYSTEMS', 'SECTION C404.
SERVICE WATER HEATING'Of| HA|IE|0 Q.

m H{ZO| THE RHAE &2 LASHH O3 22 W82 EEstn U,
- IECC 7|FQ| 4%, ASHRAE 7|&E1 Y%t 7|ES KHEStD US.
- (B 7)1} Z0| Hjo| SE2EE = =
- D AMESHE Y 22 1350 g9 B A™ERE 7|F(Mean Rating
o =

Temperature)2 &S0, O

(E 7) IECC 2021 Hij& & FH 7|&

Fluid Operating Insulation Conductivity Nominal Pipe or Tube Size (mm)

Ten;'f p rgi‘;rgeez%‘ge Co(\r;\?/‘:\;f;z)'ty Te'\:'ne::r;itr'g(gc) <25 | 25t0 <40 |40 to < 100 |100 to < 200| > 200

<4 0.029-0.037 10 12.7 254 254 254 38.1

4-15 0.030-0.039 24 127 127 254 254 254

40-60 0.030-0.040 38 254 254 38.1 38.1 38.1

61-93 0.036-0.042 52 38.1 38.1 50.8 50.8 50.8
94-121 0.039-0.043 66 63.5 63.5 63.5 76.2 76.2
122177 0.042-0.046 93 76.2 101.6 114.3 114.3 114.3

>177 0.046-0.049 121 114.3 127 127 127 127
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23. =Uel 7|F Hu Za}

ot

b= ZlEa

0

|Z01 2021 HFEA|HAM 7|ZE3F IECC 20212 E2 EHE Hln
&2 Tt 37tX|Q] XO0|E EY

= X2 2%0M E|CH 65%7HX| IECC 7|&=0| =L 7|&0 v FHE.

(Bh L= 40~60°C, 91~120°C "¢, 24 150 O|&2| A2 X 2l)

- I BEEAEAM 7|EQ B 22N gk Ut~El 43 RE PRt 2449
SN 7IEE MAISIRALL, ECCOl B2 U RM 2EEE A8 229 EXEE
2 171X 222 HAIStD U2

- MEtM 7|E HDE ol BEALAM T[EQ| S E S5 & IECC FAfSH EHEE

8

of sigsts FHT HustR2n], Hudnt= (&

(2 8) =1 ¥ [ECC 7|& H|m ZL}

e CIg IiEe T SHN=
s2|7E| THze [F2AY

o 15 |1 25 | 32 | 40 | 50 | 65 | 80 | 100 [ 125 | 150 | 200 | 300 | <300
€O WmK | 2E¢Q

[ECC|0.030-0.040| 378 |254 254|254 254|381 381|381 |381|381]|381]|381]|381] 381

10 003000341 >35> | 20 | 20 | 20 | 20 | 35 | 35 | 35 | 35 | 35 | 45 | 45 | 45 | 45

tsa)

~ | =Y r50350.040
9350401 530 | 25 | 25 | 25 | 25 | 40 | 40 | 20 | 40 | 40 | 50 | 50 | 50 | 50

60 (LSss)
. 21%)| -21%|-21%|-21%| -8% | -8% | 8% | -8% | -8% | 18% | 18% | 18% | 18%

2% | 2% | 2% | 2% | 5% | 5% | 5% | 5% | 5% |31% |31% | 31% | 31%
[ECC|0.036-0.042| 52 38.1|38.1|38.1 381|508 |50.8 | 508 | 50.8 | 50.8 | 50.8 | 50.8 | 50.8 | 50.8

0.030-0.034
61 | 2| or=a 23+2 | 20 | 20 | 20 | 20 | 35 | 35 | 35 | 35 | 35 | 45 | 45 | 45 | 45
B 0.035-0.040

i 23+2 | 25 | 25 | 25 | 25 | 40 | 40 | 40 | 40 | 40 | 50 | 50 | 50 | 50
90 (Ls8)

Hlm -48% | -48% | -48% | -48% | -31% | -31%|-31% | -31% | -31% | -11% | -11% | -11%|-11%

-34%|-34%|-34% |-34%|-21%|-21% |-21%|-21%|-21%| -2% | -2% | -2% | -2%

IECC|0.039-0.043 66 635|635|635|635|635|635|635|635|762|762|762|762|76.2
=LY 0'035;024 0 23+2 | 40 | 40 | 40 | 40 | 50 | 50 | 50 | 50 | 50 | 80 | 80 | 80 | 80
91 (LISE)
- 0.041 _.20_9L46 23+2 | 45 | 45 | 45 | 45 | 60 | 60 | 60 | 60 | 60 | 90 | 90 | 90 | 90
120 (Ct s
bl -37%|-37%|-37%|-37%|-21% |-21% | -21%|-21%|-34%| 5% | 5% | 5% | 5%
EiL
-29%(-29%|-29%(-29%| -6% | -6% | -6% | -6% |-21%| 18% | 18% | 18% | 18%
IECC | 0.042-0.046 93 76.2 | 76.2 |101.6|101.6{114.3|114.3({114.3{114.3|114.3(114.3|114.3|114.3({114.3
121 0.041-0.046
- | =Y '(EI_ = 2342 40 | 40 | 50 | 50 | 50 | 50 | 80 | 8 | 8 | 80 | 8 | 80 | 100
od
7 ] mi -48% | -48%|-51% |-51% | -56% | -56% | -30% | -30% | -30% | -30% | -30% | -30% | -13%
[ECC|0.046-0.049| 121 |114.3]{114.3|127.0{127.0{127.0{127.0|127.0{127.0|127.0|127.0|127.0{127.0|127.0
77 0.047-0.051
- | =Lh '(El_ = 23+2 | 40 | 40 | 50 | 50 | 50 | 50 | 80 | 80 | 8 | 8 | 8 | 80 | 100
od
220 H| -65% |-65%|-61% (-61%|-61% |-61% |-37%|-37% |-37% | -37%|-37% | -37%|-21%
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2tL==20] 40~60°C HeO|AM= IECC 7|&=0f H|sH =L 7|&
7tet Lte= EFEME ME2tE0of AU, #E0| 150 0Ty A
Al IECC 7|&EDt ol |AISt FHE LEIRCLL, 755 THEXE AL8SHH tHd
7t 8~20% Cf Sf2 o= LiEtE. #ZO0| 150 O|&4 Y Z2 =LY I

Tt SO 18~31% O FHR A= LIEHH.

=20 61~90°C HRO|A= IECC 7|&0 HI| = 7|& FHZE & 2%0(M =
CH 48% S9f2 Ao = LIEtE. 0| &2+5 FH Xo|7F AZ.

EHf4=20] 91~120°C 0= 0| 150 O|stY W IECC 7|=0f HIH =L 7|=
ZIH7L A 6%O|A E|CH 37% S HoZ LIEE. ZZEO| 150 O|AY A 2L 7|
T0| 5~18% O FHZ A= LIEHH.

tLf==20] 121~220°C HL|0M= IECC 7|F0 H|si =i 7|&E FHZF &l 13%0A
ICH 65% Sf2 Ao = LiEtE. #Zo| 225 FH Xo|7t AHZ.

HJo Trlo
=2
rir
-
on
il
rn
ne
>

2 F

wa

0%
£

2 IECC =& H|RE 2o MAIE EHZg0| 2 Y FHUCE EX
= CHE FHE MLPESHE (7 9)2F 20 fHehE MAIY = U,
MZE=Z aF9| FY 7|F WM 40~60°C 2=-HQ7F FItEA2n, O 2
HROME= 7|E CiH| BT 394% T2 SFH 7 S7tHE.

rto
H1

(B 9) M= =& =L 7|& Mot
(2] mm)
1 &S =
2y | =2 ;,S%EXH% =
F2CO | S | wymi | 15| 25 | 32 | 40 | 50 | 65 | 80 | 125 | 150 | 300 3001k
7t 0032 | 25 | 25 | 25 | 25 | 35 | 35 | 35 | 35 | 45 | 45 | 45
40-60 L 0038 | 30 | 30 | 30 | 30 | 40 | 40 | 40 | 40 | 50 | 50 | 50
Ct 0044 | 35 | 35 | 35 | 35 | 50| 50 | 50 | 50 | 60 | 60 | 60
2} 0049 | 35 | 35 | 35 | 35 | 55 | 55 | 55 | 55 | 65 | 65 | 65
7} 0032 | 30 | 30 | 30 | 30 | 40 | 40 | 40 | 40 | 45 | 45 | 45
51.90 L 0038 | 40 | 40 | 40 | 40 | 50 | 50 | 50 | 50 | 50 | 50 | 50
Ct 0044 | 45 | 45 | 45 | 45 | 60 | 60 | 60 | 60 | 60 | 60 | 60
2t 0049 | 50 | 50 | 50 | 50 | 65 | 65 | 65 | 65 | 65 | 65 | 65
7t 0032 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 60 | 70 | 70 | 70
91120 0038 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 70 | 80 | 80 | 80
Ct 0044 | 70 | 70 | 70 | 70 | 70 | 70 | 70 | 85 | 90 | 90 | 90
2t 0049 | 75 | 75 | 75 | 75 | 75 | 75 | 75 | 70 | 100 | 100 | 100
7t 0032 | 55 | 55 | 75 | 75 | 85 | 85 | 85 | 85 | 85 | 85 | 85
1912001 0038 | 70 | 70 | 90 | 90 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Ct 0044 | 80 | 80 | 100 | 100 | 115 | 115 [ 115 [ 115 | 115 | 115 | 115
et 0049 | 85 | 85 | 115 | 115 | 130 | 130 | 130 | 130 | 130 | 130 | 130
X HZHHE ST MY E et E2X) E@HEE2 S2Y 7|89 SR g
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(E 10) AlP2:Y DYEE HEE (BN : KCC 7HEEZO, 2020)
O 2= ZHEEW/mK)
= (kg/m’) | 24°C 38 °C 93 °C 149°C | 204°C | 260°C | 316°C | 371°C
H2I0s 120 0.035 0.036 0.045 0.054 0.064 0.073 0.085 0.098
= EAKE= 100 0.035 0.037 0.047 0.059 0.071 0.087 0.104 0.124
= EARk=l 120 0.035 0.036 0.047 0.059 0.067 0.080 0.094 0.111
- |ECCO| 42 HiZte| AFB2E0 Ztl+22 1ot A|ld2% 7|F2 MAISHD JYS.
- gLt =L 7|FEQ 42 KS L 90160 2|5t 23+2°C A|FEAHOAMS SHEETHS KHEH
ot UZ.
(3) =W 7|E2| 42 Hj&o| AX|Z|= {X|of gt +MAQl LfE0| ZatE|0f UX| %S,

= 7IEe| B2 F2X 30°C 0l¢t, HUi&E 750 &% Hite| &X| Xt 2A S
Of €¢t 7I&EE HESIEE ot Ug. H, O FR2e =41 AlS Z22 =70
M CHE d%= 3 =0 Wt KS F 28032 ST ALtAo| o5 MEst=s

ot AS.

OF

=Uel B2 AZHY 27|22 Xo[7t Ofe 22 HiZ0| XotFEAE S 27| ==
0 dXE= EF EEM= F2=7F 30°Cet RARE &= AL, ASEO = St
2 EOoiX|= EfL Tde dLt FR2:0 oot 7|E0 AZENY B=2S n2{ofof
StEXl 22510 S| CHEEO0| BEA LA HAlE =227t 30°C O[ste] THE +

o
H 7lEs H8st2

= 1= T

A .

Qe == HYEHBELH2 50°C, B 100mm, STS)C| 0§ =0 &A& 4
b Q7|2%7F 30 °C =AY W 2Lt 10 °C¥ EO{ A [{OICt o HX| &4 40%
Ztetioad 4 &x)

r\l

SSTH HEH Q7| & Hie rHR2EEHEE S5t G&4dF Cishdd|3ete| 2021 SHAS =2
Z, 2021, pp.436-439
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Outdoor air temperature : ~— -10°C 0°C ~ " "10°C "~ 20°C = 30°C
1400

1200
1000 e
- RO

600 T e

Heat loss(W)
I
1

400

200

40 45 50 55 60 65 70 75 80 85 90 95 100

Insulation thickness(mm)

(A8 4 27| 2=0f 2 BHEN FAHE AR 4T F@LU 2 50°C, 2Z 100mm)

- IECC 7IEQ| B, HELL B3y 0| Cf3t HoR

OH

A3 HXEl= 42 R-6
(RSI-1.057 m“K/W) O[&9| ttH =ZX|Z FioF o, HE R0 HXEF= 8%
Climate ZoneO| [2f Zones 0~4&= R-8 (RSI-1.409 m-K/W), Zones 5~82
R-12(RSI-2.113 mK/W) O|&Q| EtE RX|E FSIE st JUS. F, X fIX|of et
71F2E 033~2Hf &&E JIES MAlStD US.

- HiEO| ZRO0|= 0|t Z0| oHX] &g RF7| shM HE Fo| dX e B2
HIAIE S 7|§Etr MO0 & Ao E TEhE.

- Q2L HRE Zone 401 LXT, E=H, MY, BY S 2LXHY FS Zone
S-601 4810 WaAN RBOIN R120] HSHE B ZA} Fol2 Baw Hom B

Chel
o) Lutx=A CHH| IECC 7|& R-8 HEA| 82~294%, R-12 MEA| 62.2~94.1% ~t&f
ZL 7|FE R-8 MEA| 32.1~288%, R-12 M-2A| 93.2~98.1% Atskr|0{ofst,

11) ASHRAE, 2019, ANSI/ASHRAE/IES Standard 90.1
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(E 11) 4 100¥ [, Climate ZoneOf 2 THE =74 H|

(B2 : mm)

By N S AP ol btz 7 Climate 7éo&_r;e 0~4 Climate %Hog_e 5~8
sec0| 1T lgmzg wmk RO =) 2 2

CHEEH | SHEEA 57t CFEEA 57t

IECC 0.0350 38.1 493 29.4% 74.0 94.1%

40-60 2y 0.0320 35 451 28.8% 67.6 93.2%

0.0375 40 52.8 32.1% 79.2 98.1%

[ECC 0.039 50.8 55.0 8.2% 824 62.2%

61-90 B 0.0320 35 451 28.8% 67.6 93.2%

0.0375 40 52.8 32.1% 79.2 98.1%
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