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3.3 #& 29 Simulation ¥4 9 g9A A=
331 %3 A =233

Sl =9 oA AR oS24 JPte fEiE AAe 7] A e
ANAA] szt gfeto] sttt olHdt {ES] dyA] Aol tigh vk o]
B Wo]x &S 98] E4 oux M Z 21289 EnergyPlusE 2831k

EnergyPlust= 90 &4+ "= o[yx]/dell eaf 7jate oA 34
24 BLASTS} DOE-2¢] Aauks zsdlste] 7wt} &% H28k4~(Conduction
Transfer Function : CTF) AXP7IWHS AREskaL glom, &31o] ofufx] P32 7}

o
A AfEo] A5 FREAA T4 SN HreTE ARSI lth

Ak o z25eme odux sewe U <E 316>9 2Tl
<3 316> A 258w €9 13 YA AL #FHKWh/m*yr)
i B = 7] 7] == =39

Jan 0 0 0 0 0 0
Feb 5.95 0 0.37 0.74 057 7.63
Mar 6.73 0 1.05 1.12 0.63 953
Apr 0 0 1.00 055 0 1.55
May 0 0 1.10 0.49 0 1.59
Jun 0 4.80 1.07 1.30 0.82 7.99
Jul 0 347 0.79 0.87 056 5.69
Aug 0 1.56 0.19 0.33 0.24 2.32
Sep 0 0 1.02 0.60 0 1.62
Oct 0 0 0.97 0.48 0 145
Nov 6.87 0 0.93 1.12 0.66 958
Dec 9.22 0 0.58 1.31 0.99 12.1
%3t 28.77 9.83 9.07 891 447 61.05
H] (%) 471 16.1 14.9 14.6 7.3 -
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O Azel wMAY oA se@e i 9877kWhir, W
9.83kWh/yr, &% 9.07kWh/yr, 7171 891kWh/yr, &% 4.47kWh/yro|t}.

W s 1290 Y wa, W sede 690 b A e
o Al GlUA 28w F A71%E ol Axgon, athe W, &9,
7] o tehgt,

g 7w, oluX AgF g £ FAS G e A FAT F 9

At v <E 317>3 <E 318> oo iz FAIF gS yEhda Ak

3 317> AbE Sl Ao ouA AMEE REE
ils Eky B 7171 O
kWh/m?yr 28.2 9.3 85 8.1 54.1
% 52.1 172 15.7 15.0 -

s i) B 7171 &H Ok
kWh/m’yr 288 9.8 9.1 89 45 61.1
% 471 16.1 149 14.6 7.3 -
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Aol Ae] Fe Bl
stz st Ageld m@ o)
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99} Zo] A9 Passive Design 840 wa #8 EA

1=
sto] & AlEdolAel AE&statt. oo thgk A& U
7} Zom Auw|dxel A&3 AEAEL <F 42>9 Fr)

PR H4 Level
M5 T Level 1 Level 2 Level 3
ST X (m) 8.1 8.4 9.0
(x% x y=) y Z(m) 75 8.1 84
wA Z23 AE o) 2 3 4
Z31.(m) 3.6 3.8 4.0
2% #(m) 1.8 2.5 3.3
A3} Cored YA il il =4
214 2010 ©¢& 7|+ 30% & 60% Ak
e 2010 @ 7|+ 30% 3 60% SF
GadAd s 45 AW | 2010 ©E 7|+ 30% 60% 3
° s | 2010 ¢d7F 30% 34 60% &4
74 2010 @+¥E 7|+ 30% & 60% 4+
4] Sag B 0.35 0.6 0.85
il 0.35 0.6 0.85
gl 30 40 50
ZH A 1] (%) il 30 40 50
74 5} 10 15
b 9 FAnk w| A | Fd ¥
7148 % TE 0.7 05 0.3
(ACH) H] &= 1.5 1.2 0.9
F =1 s &
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4.1.2 A& elA

CRINLAE

7ol et 813

¢l EnergyPlus& ©|&3}o] AAlsta, =1

23}

Aol g
A%e <E

mooluA A el mAMR sl

Y7 Agerel

SRR

=

WA ofm =AZFA =
ABHold AT}

DEEERY:

el %

Z =
Ho= 1

1
Azt o

W25tz A

A

hiis

7

= oldA &

43> AefeAtt. o]

wHde] A7) W] wE %

1o,

1, AHARES 2759
A ol WA ARG 7] ot
T2 303.6kWh/4, &

T2

A&

14 oA = wakatel vl

AN SE A8
R

%EMMX]—% X

7171,

< 817.0kWh/4
of =4,

skt Fo YA ALS el H 2 1593.7kWh/A 2 YES:
<HE 43> AlEdel A AIH(kWh/LA -yr)

R B EEEEE B R
1 924.6 157.6 | 1519.3 28 830.4 260.8 | 16179 55 827.8 296.5 | 1647.3
2 820.8 235.3 | 1477.9 29 589.6 | 3055 | 1339.0 56 882.4 2782 | 1667.7
3 270.1 550.8 | 1214.7 30 7275 | 3464 | 1531.0 57 1229.7 | 432.4 | 2220.2
4 7688 | 413.1 | 16285 31 721.9 | 507.1 | 1698.8 58 556.9 | 3354 | 1365.2
5 7875 255.5 | 1678.0 32 804.6 2305 | 1504.1 59 695.3 276.5 | 1485.9
6 649.3 2180 | 1262.6 33 776.9 2736 | 1509.8 60 1031.8 | 348.3 | 1899.5
7 682.8 240.6 | 1329.9 34 324.9 261.2 | 1005.4 61 11974 | 553.3 | 2316.3
8 288.3 315.2 972.0 35 1436.0 | 654.6 | 2661.0 62 815.2 3035 | 16214
9 961.0 235.7 | 1630.9 36 881.3 2319 | 15787 63 803.7 236.6 | 1553.7
10 7677 | 6274 | 1874.7 37 889.0 293.1 | 16726 64 3404 | 4239 | 1179.2
11 965.4 175.9 | 1631.5 38 744.9 269.3 | 1490.2 65 701.3 274.8 | 1430.9
12 735.2 2725 | 14485 39 966.6 | 349.8 | 18154 66 1073.0 | 240.3 | 1805.5
13 7405 398.6 | 1588.0 40 541.3 2266 | 12189 67 991.7 | 3179 | 1798.7
14 384.4 275.8 | 1060.3 41 12689 | 4356 | 2246.0 68 761.7 | 662.0 | 1914.8
15 1041.3 | 1856 | 1704.1 42 868.1 2764 | 1621.0 69 698.3 208.0 | 13495
16 983.1 1615 | 1625.0 43 8R1.8 2716 | 1641.2 70 7478 201.6 | 1404.1
17 809.5 339.8 | 1598.3 44 653.2 272.1 | 13786 71 7546 | 3064 | 1516.0
18 3620 | 4164 | 11814 45 490.0 | 359.7 | 1290.3 72 999.1 5715 | 2071.6
19 666.2 286.6 | 14114 46 211.8 | 3746 | 9625 73 10005 | 297.8 | 1806.4
20 2454 | 4634 | 1119.3 47 977.8 2420 | 1671.8 74 680.0 | 392.8 | 1553.6
21 1129.1 | 156.2 | 1815.0 48 938.2 211.1 | 1611.7 G 681.8 284.0 | 1446.7
22 10714 | 156.0 | 1724.0 49 909.8 2437 | 1614.1 76 876.9 264.4 | 1639.0
23 970.8 358.8 | 1820.7 50 4376 | 306.8 | 1138.6 T 966.1 2536 | 1723.0
24 335.6 | 529.3 | 1289.5 51 660.7 290.2 | 1362.0 78 1179.8 | 586.0 | 2323.8
25 652.0 | 649.7 | 1779.1 52 759.5 2974 | 14827 79 552.3 280.9 | 1300.3
26 1010.2 | 207.2 | 1698.8 53 717.4 1934 | 1356.4 80 640.1 360.7 | 1478.0
27 728.3 209.4 | 1395.8 54 876.9 | 430.3 | 1759.3 81 10459 | 293.0 | 18425

o 3 817.0 | 303.6 | 1593.7
35) A A AARE 71N SS gk AE dUA a&5H FAAZ AEAF 2009, p301
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ko %] A}k ojsk 7 AA QA BEABRATE TS <F 44>9
ERAAL QU el X Al o] A, mwade] Avjeh o R w3
o BT, TE felel T, wdel VU, A% Fol foliE
0.0591 A frelulak Aoz thebte)
o= AAHoR ds = e ddd HAA 2AE2H HEEu Core
o} 7+ Buffer Zone?| 9sS 3f= &7te] E4 2 A4 EAL wWilo X
ARl AXAQ G MAA = Ao eyt
<3 44> oA o gk EAREA R
(e} {5:] O o
A 7y 4,408,955.8° 40 110,223.9 9.001 | 0.000
Kkl 49,654,571.6 1 49654,571.6 | 4,054.695 | 0.000
WA X% 7ol 166,767.8 2 83,383.9 6.809 | 0.003
w2 Y Aol 120,055.7 2 60,027.9 4902 | 0.012
w2 AE 77725 2 3,886.2 0.317 | 0.730
=1 57,849.4 2 28,024.7 2.362 | 0.107
B % 12,334.3 2 6,167.2 0504 | 0.608
Core 97 46,717.2 2 23,358.6 1.907 | 0.162
o dd A 377,377.2 2 188,688.6 15.408 | 0.000
e G d Al e 65,281.2 2 32,640.6 2.665 | 0.082
WAL FIA S 189,031.8 2 94,515.9 7.718 | 0.001
HeRds gddds 4553.2 2 2,276.6 0.186 | 0.831
IS G 4,352.0 2 2,176.0 0.178 | 0.838
wAE 72 F4E 304,121.3 2 152,060.7 12.417 | 0.000
EEZ 8 FA4& 13,675.4 2 6,837.7 0558 | 0577
WAH ZE A 3,202.4 2 1,601.2 0.131 | 0.878
55 A 3,308.2 2 1,654.1 0.135 | 0.874
7he] A A 27,1199 2 13,559.9 1.107 | 0.340
Ak 2 oFaAd 29,187.3 2 14,593.7 1.192 | 0.314
WA VU E 1,723,690.6 2 861,345.3 70.377 | 0.000
wA 9 71U T 20,230.4 2 10,115.2 0.826 | 0.445
o 1,232,327.6 2 616,163.3 50.315 | 0.000
Q= 489,847.7 40 12,246.2
Rl 54,553,375.0 81
A A 4,898,803.5 30

R A+ = 0.800)
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ZoYA Alg o] disk 2+ AAQ ALY EAEMNEE & <E 46> Y
Ehi L Utk FoluAAbg e Ag wael ar] R o gdA, a7
WA 2 AEe] Fwel FolsE 0064 fevd Ao e &
o x| AL-&-Fe] A9 ot @ wWaboXo Hls] {2 Wgrl A ol
7y WapEo] Wrk W o Wlwkoy x| m X = gakE o] Adolst AerF 2] o
wolH, = % 77|58 oyA] AREsFo] EF Y] Wil Aow B
Atk AEL ouA ALEFE AREy] A3 A FHHoz meF oo
St Q450 AAFEE Aoz EAFHAL

<E 46> FoYA o W3 EAREAF
A M-53 _ - <
. FEC A 4 £
A 6,427,948.0° 40 160,698.7 5.819 | 0.000
Eril 201,069,248.9 1 201,069,248.9 | 7281.338 | 0.000
WA XZ o] 473,441.9 2 236,720.9 8572 | 0.001
WA Y& 2o 335,220.1 2 167,610.1 6.070 | 0.005
A 23 g 26,349.8 2 13,174.9 0.477 | 0.624
=1 57,725.8 2 28,862.9 1.045 | 0.361
R 39,805.4 2 19,902.7 0.721 | 0.493
Core 93 65,263.5 2 32,631.7 1.182 | 0.317
o8l A 616,296.6 2 308,148.3 11.159 | 0.000
7 gl Al 94,200.1 2 47,100.1 1.706 | 0.195

AT GIAdE 118,435.2 2 59,217.6 2.144 | 0.130

BeAs gdAds 1,264.1 2 632.0 0.023 | 0.977

1 As Gl s 4,169.6 2 2,084.8 0.075 | 0.927

nAEF F7 F& 39,014.8 2 19,507.4 0.706 | 0.499

53 f8 F9& 1,898.7 2 949.3 0.034 | 0.966

WA A ) 126,466.4 2 63,233.2 2290 | 0.114
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R 1,104,573.1 40 27614.3
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T4 37 7532,521.1 30
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Y'=160.21+99.49X, — 54.65.X, +49.00.X; +42.61X, + 26.64.X;
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ABSTRACT

A Study of Passive Design Process on School

by Experimental Design

Seo, Sung-mo

Major in Architectural Environmental Design
Dept. of Architecture

The graduate school of Chung—-Ang University

As problems caused by global warming become more serious to
humans, the reduction of greenhouse gas emissions, which has a direct
influence on global warming 1is emerging as one of the principal
challenges. Accordingly, the reduction of greenhouse gas emissions in each
industry sector becomes a representative business goal, above all, the
reduction of greenhouse gas produced in the process of operating a
building, or the reduction of energy consumption is emerging as a main
issue. As part of such a trend, a lot of researches are being conducted to
create energy-saving buildings by applying materials, design and
equipment of a building and renewable systems, etc. Among them, we can
select passive design which is a design method combining basic design
elements properly, as a representative energy-saving method.

Therefore, based on elementary school buildings which are basically
considered in forming a city and housing complex, this study suggested
an energy-saving design plan considering passive design elements. As

part of the proposal processes, we streamlined the combination of design



plans using the experimental design; analyzed energy reduction of each
design element through the analysis of variance and regression, by
evaluating the influence, classified the design elements based on their

mmportance and suggested a final design plan.

The outcome of this study can be summarized as below.

(1) To grasp characteristics of elementary school buildings in terms of
space, management and energy, this research classified and arranged
general data about elementary school buildings by analyzing existing
literature. According to the results, we could set a standard model of a

general school building based on classrooms.

(2) Through the analysis of existing literature, we found out the spatial
characteristics of buildings, or the basic data of passive design and set
the scope of design by design elements. After applying the selected design
elements to the experimental design, we carried out the research by
limiting the number of combination of design elements by application
phase to the level in which experiments can be conducted; and analyzed

energy consumption by applying the combined design elements.

(3) Through the analysis of variance and regression based on the energy
consumption found, we came up with an optimal design plan; the design elements
found include building orientation, performance of classroom airtightness, thermal
msulation performance of external wall, thermal insulation performance of
classroom windows, transmittance of classroom glasses, classroom area, awning
mstallation and window-to-wall ratio of classroom. Since each of these design
elements has different influences on a building and the energy sectors which it

affects are different, it i1s needed to consider the fact in detail.



(4) Accordingly, we evaluated each influence and proposed a final design
plan. As a result of analyzing the regression equation results found out
through the proposed design plan and the regression analysis, it is
expected to save energy by 3349 compared to existing standard

buildings, through proper passive design.

For the purpose of energy-saving design of school buildings, this
research intended to come up with an energy-saving design plan through
appropriate design at a basic design phase. However, since the research
was performed based on classrooms, not the entire school buildings and
there were other design elements not considered, it is necessary to

conduct additional studies on the fact afterward.

Keywords: School, Experimental Design, Analysis of Variance,

Regression analysis, Energy Reduction Design



