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Performance Evaluation of Window Ventilation System
for Reducing Indoor particulate matter
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ABSTRACT

Indoor particulate matter(PM) is a carcinogen and needs to be removed and managed. It is generally reduced
and removed through ventilation and filtration. Owing to the recent occurrence of high—concentration fine dust
and yellow dust in the atmosphere, however, it is difficult to expect the purification of indoor air through the
simple introduction of the outside air. For residential buildings, in particular, they are highly dependent on
natural ventilation but the lack of natural ventilation is worsening because concerns over the inflow of external
pollutants are increasing. Therefore, this study designed and manufactured a window ventilation system that
does not require a duct to improve the maintenance and management problems of general ventilation system,
and constructed indoor PM concentration change data through performance evaluation.

Key words: Window type ventilation system(Z3& SH7|A|AH]) Particulate matter(0] M| HX]), Performance
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Fig. 2. Detailed Specification of Window Ventilation System

Table 2. Detailed Parts and Specifications of Window and
Ventilation System

Part name Performance Photo
@) Material: Reinforced plastic,
Rotating | SUS- Operation method: 45 °, 90 °
flow path | rotation using a motor
Media: Water-resistant glass
fiberSeparator: Paper,
@ ALFrame: Plywood, AL, SUS 430
Filter Pressure loss: 25 ~ 50 mmAgDOP E
= 99.97%, 0.3 ymMaximum
Operating temperature: Below 60 C
Intake air volume: 135 ~ 28 m' /
® hExhaust air volume: 27 ~ 56 m' /
heat hEfficiency: over 89%Application
exchanger | temperature range: -20 C ~ 50
CStandard Noise: 36 ~ 42dB
220 VCurrent: 0.35 ~ 0.45A
@ Power Consumption: 75SWRPM: 2,710 e
RPMMaximum air flow: 3.9 CMM,
Fan e . '
(DJF-10) 20 CFM . o’
Maximum static pressure: 37 ~ =
44mmAq
® AC 220V 50 / 60Hz (Single Phase)
Rotation force: 60Nm
Damper .
Current consumption -No
(HM-220V L
H4) load _operatlon- 05W .
Maximum load operation: 7.2W
DC 24V motor (35N, 100kg)
Size: 49 (W), 66 (H),
Automatic | Window length (L)

switchgear
(HW-1000)

Method: Screw Type
Current consumption No-load
operation: 25W

Max load operation: 50W

A=

—_ o [a> e |

A5y 7A =" A, gy fan 9ol HF
A2 AAsle] AAdry] 282 FHANE F do
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= AWT7E £8A7IY FEE o83 ¥7E Adlet
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5 FYsta 25 B3 JFHANA 1H VIFE
FAsFoEn HEZFolanrt WAHEE  fFEgr)
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ggatH, AulE7] &S 7|H9S 0% (HAo R vt
EaHA dugr]e] HA45S o835k Wlolth &
2 wed Asoe f5oF 71AS ] Rl ek Al
3k A}aHe Table 33 Fig. 3914 g1d 4= 9tk

Table 3. Window opening/closing and ventilation system operation

Ventilation o ..
Mode method Ventilation Method Description
Mode 1 Mechanical Air punﬁcamqn through fresh air
inflow
Mode 2 Mechanical Air pur1f1cat1(_)r1 thr(_)ugh indoor air
circulation
Mode 3 Mechanical + | Open the windows to utilize wind
Natural blowers
Mode 4 | Mechanical Fresh air inflow using heat
exchanger

(c) Mode 3

(d) Mode 4

Fig. 3. Operation Mode Step of Window Ventilation System
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Table 4. Performance Evaluation Period and External Environment

Ambient dust Outdoor Average
Date concentration temperature wind Maximum
(daily ()(11:00 ~ 14:00 wind speed
average) |/ Daily Average) FiEess
1812.17| 27 ug/m’ 53/ 16 18 m/s | 4.3 m/s
1812.18| 29 ug/m’ 77/ 26 14 m/s | 41 m/s
1812.19| 31 pg/m’ 81/ 4 14 m/s | 33 m/s
1812.20| 33 ug/m’ 88/ 34 09 m/s | 24 m/s
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Table 5. Mock-up Overview

A@ AA F veage

Height 2,860mm
Floor 1floor
Direction South
Floor area 7.35m’
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N
5
3

Time (min)
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Fig. 6. Mode 1 Indoor PM10 Reduction Performance
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o 289 A7Fe 8% o 2 e THFig. 7).
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Fig. 7. Mode 2 Indoor PM10 Reduction Performance
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Fig. 8. Mode 3 Indoor PM10 Reduction Performance
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Table 6. Comparison of indoor PM10 removal performance of window
ventilation system

Time PMI10 concentration
Mode 1 24min 119%5¢e/m' — 102ug/m’
Mode 2 88min 1200pg/m’ — 102ug/m’
Mode 3 8min 1199¢e/m' — 108ug/m’
Mode 4 39min 119%5ug/m' — 103ug/m’
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ABSTRACT

This study aimed at developing control algorithms for operating a variable refrigerant flow (VRF) heating and

cooling system with optimal system parameter set-points. Two artificial neural network (ANN) models, which

were respectively designed to predict the heating energy cost and cooling energy amount for upcoming next

control cycle, was developed and embedded into the control algorithms. Performance of the algorithms were

tested using the computer simulation programs - EnergyPlus, BCVTB, MATLAB in an incorporative manner.

The results revealed that the proposed control algorithms remarkably saved the heating energy cost by as much

as 7.93% and cooling energy consumption by as much as 28.44%, compared to a conventional control strategy.

These findings support that the ANN-based predictive control algorithms showed potential for cost- and

energy—effectiveness of VRF heating and cooling systems.

Key words: VRF WA ABRI(VRE Heating and Cooling  System),

(Optimal Control)

olZ Al A 2h(Artificii Neural Network), =& 0]

. M2
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Fig. 1. Diagram of the DX AHU-water source VRF system. SA:
supply air; RA: return air; EA: exhaust air; OA: outdoor air, tSA:
supply air temperature, tlA: return air temperature, tOA: outdoor air
temperature, tCF: condenser fluid temperature, and VCF:
condensing fluid amount.
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7-Input
Neurons

2-Hidden Layer
15-Hidden Neurons

1-Output
Neuron

(@) Cooling energy prediction model

10-Input
Neurons

1-Hidden Layer
15-Hidden Ndurons

1-Output
Neuron

(b) Heating cost prediction model
Fig. 2. Two ANN models for predicting energy and cost
performance
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Table 1. Structure and learming methods of prediction models

} Input Layer Hidden Layer
Prtei(()l: Output |Learning
Layer | Methods
Type
Variables Ranges  |Layer| Neuron
* toa 10-40 °C
- hoa 0-100 %
A 15-30 °C
Cooling . 0-3000 kWh 5 15 ENERGY| 03 Ir
Energy |LOADcooL| 8-20 °C TOT 0.3 mo
- teaser | 15-40 °C
* terser | 1000 - 7000
) VCF,SET l/mn
-20-20 °C
S s
S
o 15-25 °C
S| -1
Heating| " Vinin L | g5 | COST | 04l
Cost LOADizar 0-300 kWh TOT ‘0.4 mo
* tsa ser H -0 °C
o 15-25 °C
- e sET 800 - 1,800
- Vcrser .
* tRr_SET Viin
- 37-46 °C
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ol Ag¥ =gy Wby A 9!

RS Rus (e}

2
1
K
)
AN
S
=
T
L

)
off
ol
£
>~
Rl
oo
ol
o
X
i
=
Jm
ol
A

ZxHlof

W oox e ok o Moo Oog
-4
DY
o%
oL
A3
=
oo
£
oF
o
N
N

o2
=l
3 rlo
ui
o =y

A5 HAA
tCF_SET, VCF_SET®] %3& = B oz 450
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Predict ENERGY . for 3-System
Variables using ANN

¢ YES

Compare & Find the Optimal
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¢ A4 NO
. Turning off
Operate Cooling System Cooling System
[ I
‘/ END
.
(@) Algorithm for cooling
(/ START D
N
v
Collect Outdoor & Indoor
Thermal Conditions
(tox )
v
Collect Past Heating System
Operating Conditions
(ts tep Vep LOADy,p)
//\\\
U< ) /ﬁeating ON\?/F
[A-SET'P?/@l e \\ ////
YES
v
Predict COST,,, for 4-System
Variables using ANN
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Compare & Find the Optimal
Values for System Variables
(ISA_SEI” tCI-'_ SET VCI-‘_ SET, tRF_ SET)
. Turning off no
Operate Heating System Heating System
[ [
I 2
-~ N
( END )
./

(b) Algorithm for heating
Fig. 3. Flowchart of the control algorithms
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2l

[e]
A9

for tea ser = 8:20
for tcpser = 15:40
for Vceser = 1000:500:7000
Predict the ENERGY1qr from ANN model
Compare ENERGYror for the different set-point combination
Find the set-point combination of the least ENERGY7or
end
end
end

(A) Algorithm for cooling

for teacer = 34:40
for tcpeer = 15:25
for Veeeer = 800:100:1800
for treser = 3746
Predict the COSTror from ANN model
Compare COSTror for the different set-point combination
Find the set-point combination of the least COSTror
end
end
end
end

(b) Algorithm for cooling
Fig. 4. Conceptual code for finding optimal setpoint combination

3. AFH AlEEolMd &g s8I}

7l OL—TNJEQ AL 7IEg AEAHQ
(Conventional) Aol ie]FaHe] oy A A8 =YW
01]14?{]513]3]%(‘&‘%)4 HlWLE Eoto] o] Fojxintk A
A1 WS A2l el gro] i H o] AEsH
w1 35 Table 20 Be=o] vk v, & AF
A fdtE daglEe U4 Table 13 Fig. 49014 A
HAX dde #Hee 1H4S JHAE gl diste] A

S zhol ALgEtAl Hvh meEbx HAH ] xF2
43947 A (G 1), 84707FA () o] ZFre] digh o] 4

Table 2. Set-points of the control variables in the conventional

algorithm.
Control Variables Cooling Heating
tsa_sET 16°C 38°C
tcr SET 32°C 20°C
Ver ser 6000 1/min 1666 1/min
tRE_ SET - 43°C

AAsH7}=  EnergyPlus, MATLAB, BCVTB
(Building Controls Virtual Test Bed) AZEgo] X &
S o] gste] HAIEHAT Fig. 6+ 7 =299
Sy} AANAH S HoFEr AlEYolAS v A4S
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Modeling a VRF cooling system
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indoor climate conditions

’ Reading outdoor elimate conditions l
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I Producing indoor thenmal mldllimlsl sef-points

Fig. 5. Simulation process with the three software programs
AeB7rE A HAEAES Agd fA8 S7I4

o] R&D AIHE A4 =th Fig. 6 tidd=9] dHs
BHolFa gty A ELS 115 292 7AEo|H podium,
typical floors®} roof 2 A% o] At WA ~ele 4=
2] VRFA|&="lolr, shute] Wiz 1170 AHU, 18]
arle] A7z FAEe Ak Auers Wil

A% A A 26°C, WA A 29°C, dIzke] B A
2 Al 21°C, HIAA Al 15°CE g Eo] 9% )
Roof
'.ly.picalﬂuor
PDr:Iium
— e, T oo
Fig. 6. Front view of the test building
sto] A=k

At Fal= Table 3, 42 o] &
Table 32 AUddKste] 7]EX0]H, Table 4= AlZF
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Table 3. Baseline of internal heat gain.

Components Values

Occupants 0.078 person/m’

Lighting 2152 W/’
Electric Equipment 16.14 W/m’

Table 4. Cooling schedules for internal heat load.

Cooling Ratio
Schedule Occupants Lighting Electric quipment
00:00 ~ 06:00
(0.000)
06:00 ~ 22:00 | 00:00 ~ 23:59 00:00 ~ 23:59
Weekdays| = 500) (0.250) (1.000)
22:00 ~ 2359
(0.025)
00:00 ~ 06:00 | 00:00 ~ 06:00 00:00 ~ 06:00
(0.000) (0.012) (0.300)
06:00 ~ 08:00 | 06:00 ~ 0800 06:00 ~ 08:00
(0.500) (0.025) (0.400)
Saturda 08:00 ~ 12:00 | 08:00 ~ 12:00 08:00 ~ 12:00
Y1 0150 0.075) (0500)
12:00 ~ 17:00 | 12:00 ~ 17:00 12:00 ~ 17:00
(0.050) (0.037) (0.350)
17:00 ~ 2359 | 17:00 ~ 23:59 17:00 ~ 2359
(0.000) (0.012) (0.300)
Sunda 00:00 ~ 2359 | 00:00 ~ 23:59 00:00 ~ 23:59
Y (0.000) 0.012) (0.300)
Table 5. Simulation conditions.
Category Input Value

EnergyPlus v85
Seoul/Republic of Korea

Simulation program

Site/weather location

Window-to-wall ratio 40%
AHU/water type VRF
/sch edlfl};p 24 Hours
Cooling set—point 26°C
Cooling period July 01-August3l, 2017
Heating set-point 21°C
Heating period January O01-February 28 2017
cop 4787

Pump motor efficiency 90%

Infiltration 0.0003167m*/s—m’

LHI Joumnal
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Fig. 7. Optimal set—points of the system variables
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Fig. 8. Setpoints of variables determined by the predictive control
algorithm
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Fig. 11. Elctricity and gas consumption by the conventional
and predictive algorithms
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ABSTRACT

In recent years, crime has been steadily increasing, causing not only economic damage but also aggravating
the social atmosphere. The CPTED(Crime Prevention Through Environmental Design) guideline, which is an

environmental crime prevention design technique, reduces the possibility of crime by implementing a proper

defensive design plan through appropriate lighting design in the city and reduces the fear of crime. Among the
various principles of CPTED, the proper use of street lamps and CCTV is considered to be an important factor
in enabling natural surveillance. In this study, the authors identified and quantified the current status of the

installation of street lamps and CCTV in each autonomous district of Seoul. The physical quantity of lighting
and social factor quantified from light lamps and CCTV data, respectively, were expected to support the
guidelines presented by CPTED. Therefore, we conducted statistical analysis based on quantified values and
found that street lamps and CCTV had a statistically significant relationship with crime rate. In addition, the

correlation between the safety index and the crime rate, calculated by dividing the number of street lamps and

CCTVs by area, was also analyzed and an R2 value of 0.647 was confirmed.

Key words: B Z|of &&tA 7| CPTED, Crime Prevention Through Environmental Design
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Table 1. Report from supreme prosecutor’'s office

Crime(violent)
Crime occurrence Rate Percentage change

2007 21,636 439 -

2008 24,023 485 105
2009 27,014 54.3 23.7
2010 28134 55.7 26.9
2011 29,382 579 31.9
2012 28,895 56.7 29.2
2013 33,780 66.1 50.6
2014 34,126 66.5 515
2015 35,139 68.2 55.3
2016 32,963 63.8 452

Table 2. Number of crimes per daytime and nighttime

Daytime Nighttime
06:00~17:59 18:00 ~05:59
2011 528,668(40.20%) 786,699(59.80%6)
2012 612,150(44.88%) 751,888(55.12%)
2013 643,402(45.57%) 768,574(54.43%)
2014 625,233(45.90%) 737,108(54.10%)
2015 676,244(47.46%) 748 876(52.54%)
2016 715,317(49.14%) 740,381(50.86%)

Table 3. Number of crime per hour

2014 2015 2016

00:00~02:59 124,068 124,560 121,805
03:00~05:59 101,193 104,919 107,865
06:00~08:59 93,165 102,344 108,645
09:00~11:59 198,855 210,771 227,039
12:00~14:59 159,772 173,791 181,967
15:00~17:59 173,441 189,338 197,666
18:00~20:59 201,323 209,512 212977
21:00~23:59 310,524 309,885 297,734

Unknown 416,625 436,537 393,752

Total 1,778 966 1,861,657 1,849,450
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A4E T8k 42 okgie] Table 59 2t

stolsly] el 7t=e3 CCTVY Az dAsts vigow
At 2P EYHE A ARIAFTE dE kRS Table 5. Quantification method of street lamp, CCTV and crime
[LA+CAIZ A 3%3} A Equation
[LA] Number of street lamp / Area of district (km?)
Table 4. Status of street lamp, CCTV, crime by district in Seoul [CA] Number of CCTV / Area of district(km?)
[CrAl Number of crime / Area of district (km?)
Number Area of -
of strect Number Numper district [LA+CA] Number of street lamp + Number of CCTV /
lamp of CCTV| of crime () Area of district (km?)
Jongno-gu 3,297 9,007 4071 23,971,709
i 310 2,563 4198 9974292 Table 6. Status of LA, CA, CrA, LA+CA by district in Seoul
Yongsan-gu 633 1,787 4105 21,898,766 LA
Seongdong-gu 807 2315 | 2748 | 16804426 (Strect | | CA T
Gwangjin-gu 1,998 5,704 4659 17,075,115 ~lamp/ (/iieTa\)[ /(%r:;) (LA+CA)
Dongdaemun-gu 894 2,318 3895 14,245,433 Area)
Jungang-gu 1,601 5,100 4488 18,531,520 Jongno—gu 375 133 170 508
Seongbuk-gu 790 2675 3426 24,621,422 Jung-gu 866 205 421 1072
Gangbuk-gu 871 2871 3362 23,636,019 Yongsan-gu 333 192 187 525
Dobong-gu 358 1,449 1981 20,679,052 Seongdong-gu 337 272 164 609
Nowon-gu 992 2,958 4121 35,595,942 Gwangjin-gu 284 136 273 420
Eunpyeong-gu 1,255 3,338 3839 29,783,522 Dongdaemun-gu 568 208 273 776
Seodaemun-gu 1,077 3,003 3057 17,685,973 Jungang—gu 307 99 242 407
Mapo-gu 1,865 4874 5440 23,890,251 Seongbuk—-gu 218 165 139 334
Yangcheon-gu 1,045 3,393 3845 17,469,613 Gangbuk-gu 188 76 142 264
Gangseo—gu 1,544 4573 5052 41,462,497 Dobong-gu 216 70 9% 286
Guro-gu 1,401 4072 4924 20,136,328 Nowon-gu 261 81 116 342
Gumcheon—gu 49 2,081 2846 13,012,685 Eunpyeong-gu 220 162 129 382
Yeongdeungpo—gu 1,491 4857 6011 24,354,829 Seodaemun-gu 331 276 173 606
Dongjak-gu 964 3,078 3357 16,387,882 Mapo-gu 332 128 228 460
Gwanak-gu 1,522 4,200 5887 29,563,482 Yangcheon-gu 412 278 220 690
Seocho-gu 1,475 4813 4727 46,899,887 Gangseo—gu 161 56 122 217
Gangnam-gu 1,145 3,193 7827 39,497,268 Guro-gu 368 253 245 621
Songpa-gu 604 2,048 81 33,858,375 Gumcheon—gu 413 206 219 618
Gaongdong-gu 657 1,340 4191 24,556,203 Yeongdeungpo—gu 378 126 247 504
Total 29,645 83,160 | 110,114 | 605597491 Dongjak-gu 335 204 205 538
Gwanak-gu 166 193 199 359
FAA R 2B BLALE AR T ol A ) e SRS IOV I B
N = - = - angnam-gu
;Eljﬂ fj‘% Z}i—‘"g - T:f @f’? ;O“i ?E}%i O]j Songpa-gu 372 61 162 433
S OH 1:!-"] 7]'°HX}'UF dﬂ H] U-"]X}’EE ‘_]Z]TSE T omRT 217 Gaongdong-gu 391 104 171 496
AAof tigt A oJFHE o2 A gz gl & 4 9t} Total 3372 3984 4842 12356
ARSAF[CAlI= AA WA div] X8 CCTVE a3
& AdHom veh, x| Ftel et CCTVE &3 3 EAZA FAE vg o EE53 2R Y JRIA S
a4 Qi WHAY, Ao 4RI 9 Ba WAS WA ARD /1E9 AATE AR, CCTV A
dpgsie B BHT 5 Ak WHASCAIY A4S % 0 gEyuAwa %9 vad 2ue e 2.
2 AATFAA WA FEHRAE AA AAT] WA7] Table 404 2 TR0 b e Fae] FhzHo] A
wto 7 A 2|53 3 Aoz 7F fE AXFE B 217F ® o2 Vel Table 69 2 EEF A55
R SRS W A FolA oA e | B F97F LA 86602 AA| AT = 2HEHHEF A5
35 slelat 9tk 2t2te] 2WBEY ARSAS W 7} g e Ao T, vl ETe] 40 2uE
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ABSTRACT

Vacuum Insulation Panel(VIP) has the lowest thermal conductivity among present insulations. It is
composed of envelope, core material and getter. Aluminum film is usually used as the envelope of VIP, and
it is important component to decide the useful life of VIP. In this research, the thermophysical properties
of incombustible fiber glass core VIP were investigated with the possibility of its architectural applications.
The results of this research can be summarized as follows: 1) The thermal conductivity of 20mm-thick fiber
glass core VIP is resulted as 0.00177W/m-K, which means that 20mm-thick VIP can meet all the reinforced
insulation guideline and it can be used in any envelope of any region in Korea. 2) As a result of the test
of incombustion and gas toxicity, fiber glass core VIP was suitable for incombustible material. 3) As the
test result for the long term thermal conductivity, fiber glass core VIP was found out that it would keep
above 10 times insulating performance than polystyrene foam and glass fiber. 4) To meet the thermal
transmittance of 0.12W/m’K, limited-combustible insulation of expanded polystyrene foam and phenolic
foam should be used respectively as thick as above 280mm and 170mm, incombustible VIP can meet the
same insulation level with 20mm thickness. 5) The price competitiveness of incombustible VIP to meet the
thermal transmittance of 0.12W/m’-K was about 1,500W0n/m2 higher than that of phenolic foam.

Key words: Vacuum Insulation Panel, Thermal Conductivity, Incombustible Material, Thermal Transmittance,
Architectural Application
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Table 1. Required U-value of Regional Building Envelopes in Korea(revised on Sep. 1, 2018) (Unit = W/mK)
Building Envelope Hegion (l:%eégirgrll*l %gglg)dr}*f l%e(g;grllirf* Jeju Island
Adjacent to Outside Apartment House | less than 0.150 less than 0.170 less than 0.220 less than 0.290
Exterior directly Others less than 0.170 | less than 0.240 less than 0.320 | less than 0.410
Wall Adjacent to Outside Apartment House | less than 0.210 less than 0.240 less than 0.310 less than 0.410
indirectly Others less than 0.240 | less than 0.340 less than 0450 | less than 0.560
Roof Adjacent to Outside directly less than 0.150 less than 0.180 less than 0.250
Adjacent to Outside indirectly less than 0.210 less than 0.260 less than 0.350
Adjacent to Outside Floor heating less than 0.150 less than 0.170 less than 0.220 less than 0.290
Floor of directly No floor heating | less than 0.170 less than 0.200 less than 0.250 less than 0.330
lowest floor | Adjacent to Outside Floor heating less than 0.210 less than 0.240 1 less than 0.410
indirectly : ess than 0.310
No floor heating | less than 0.240 | less than 0.290 less than 0.350 less than 0.470
Floor Slab with floor heating system less than 0.810
Adjacent to Outside Apartment House | less than 0.900 less than 1.000 less than 1.200 less than 1.600
Window directly Others less than 1.200 less than 1.500 less than 1.800 less than 2.200
or Door Adjacent to Outside Apartment House | less than 1.300 less than 1.500 less than 1.700 less than 2.000
indirectly Others less than 1.500 less than 1.900 less than 2.200 less than 2.800
Entrance Adjacent to Outside directly less than 1.400
Door of
Apr?é‘;tlféieeﬂt Adjacent to Outside indirectly less than 1.800

* Gangwon-do(except Gosung, Sockcho, Yangyang, Gangneung, Donghae, Samcheok), Gyeonggi-do(Yeoncheon, Pocheon, Gapyeong,
Namyangju, Yijeongbu, Yangju, Dongducheon, Paju), Chungcheongbuk-do(Jecheon), Gyeongsangbuk-do(Bongwha, Cheongsong)

** Seoul, Daejeon, Sejong, Incheon, Gangwon—-do(Gosung, Sockcho, Yangyang, Gangneung, Donghae, Samcheok),
Gyeonggi—do(except Yeoncheon, Pocheon, Gapyeong, Namyangju, Yijeongbu, Yangju, Dongducheon, Paju),
Chungcheongbuk—-do(except Jecheon), Gyeongsangbuk-do(except Bongwha, Cheongsong, Uljin, Yeongdeok, Pohang, Kyeongju,
Cheongdo, Kyeongsan), Jeollabuk—do, Gyeongsangnam-do(Geochang, Hamyang)

x#x Busan, Daegu, Ulsan, Gangju, Jeollanam-do, Chungcheongbuk—-do(except Jecheon), Gyeongsangbuk-do(Uljin, Yeongdeok,
Pohang, Kyeongju, Cheongdo, Kyeongsan), Gyeongsangnam-do(except Geochang, Hamyang)
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Table 2. Reinforced Fire Safety on Insulation Application according
to the Enforcement Ordinance and Regulations of Building Code

Exterior Finishing Insulation Requirements
related to Fire Safety
Application target of
exterior finishing
materials for the

Major Revision

Limited-combu

Enforcement . . stible or
. protection of fire spread . .
Ordinance of incombustible
o was broaden to the . .
Building Code o . insulations
. buildings over 3 stories
(enforced since should be used
and above 9m and .
Aug. 6, 2019) . . as exterior
buildings with . .
loti-structure I insulations for
P ! 18 buildings above
lot on the ground floor. ,
- — 3 stories and
Enforcement Exterior Finishing
. . above 9m
Regulations on Insulation should be and buildings
the Evacuation limited-combustible or with &

and Fireproof incombustible.

piloti-structure

Construction However it can be .
Standards of fire-retardant if it is pa:;rhkmg lot é)n
Buildings installed as suitable for eﬂiz;un
(enforced since the protection of fire ’

Aug. 6, 2019) spread.
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Table 3. Required Thickness of Insulation to meet the revised insulation

and fire safety standards for Central 1 Region (Unit = mm)
Insulation Type | Grade | Grade | Phenolic
Building Envelope Ax B Foamp#*
Adjacent | Apartment 20 55 130
to House
Outside Oth 190 225 120
Exterior directly s
Wall Adjacent | Apartment 150 180 %0
to House
Outside
indirecﬂy Others 130 155 80
AdJaceqt to Outside 20 260 130
directly
oot Ad, Outsid
jacent to Outside
indirectly 155 180 0
) Floor
Ad] acept hea tll'lg 21 5 250 130
to Outside
Floor of | directly | N floor g5 1 og 120
lowest heating
floor . Floor
Adj acept heating 145 170 0
to Outside
indirectly | No floor 135 155 ]0
heating
* Grade A : Glass Wool 48K, 64K, 80K, 96K, 120K
wx Grade B @ Glass Wool 24K, 32K, 40K
Mineral Wool 1, 2, 3
s#% Thermal Conductivity of Phenolic Foam is
0.019W/mK
Table 3014 % % gl%ol, F¥1xe] 97]d] 24
W3k gEFe oue) 4, £RATOl duE G
& IV 5 48K ol frel i, WET vilR S,
HE5ES AR g A S/l wel 220mm, 255mm,
130mm o35 Mokds & = Slth
4. DS NIrAA chAx D
I GEA 5 7P EdEgo] B T HE A
(VIPs; Vacuum Insulation Panels)&= &3 212 2] 9]y

2 TAEe L, dEd e

)

A7 AEelIt,
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® Fim @ Getter ® Core
Fig. 1. Constitution of Vacuum Insulation Panel
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Fig. 2. Vacuum Insulation Panel using fumed silica as core
material
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Fumed Silica A AE A3 AFdGdd A= ol A
= OCI®F sl A4t &53ka

Fig. 3. Various shapes of Vacuum Insulation Panel according to the
applied conditions
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Product Information Product Features  Superior insulation Performance

Thermal Conductivity Compari

For passive house [U-value 0.15W/mK)

EPS
= 0.036W/mK
Enér\.w:
. 240mm

0.0045W/mK

\4

XPS

S 206mmr= G, b2 1w/mK

Aerogel

oo Polyurethane Foam

0.025W/mk

Fig. 5. Required Thickness of Insulation to meet the thermal
transmittance of 0.15W/m2K
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Fig. 8. Getter of Vacuum Insulation Panel
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Table 4. Thermophysical Property of Fiber Glass Core Vacuum
Insulation Panel

Thermophysical Property SUPER VAC
Core Material Fiber Glass
Thermal Conductivity 0.00177W/m-K
Density 250~300kg/m’
Thickness 20mm
Working Temperature -80~100C
Fire Resistance Incombustible Material

Fiber Glass A7
0.00177W/m-Ke| 22 20mm F7 <]
11.3m° K/W=2 Aol A gyt

Qo] FHIAY
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E7l%% fl=sis
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SUPERVAC
0.00177W/m’K.

20mm

EPS

0.034W/m"K 280 mm

Fig. 10. Insulation thickness to get the thermal
transmittance of 0.12W/m?-K
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Table 5. Constitution of Test Specimen

Test Name Incombustion Test Gas Toxicity
No. of Specimen 1 2 3 1 2
Size Of Iniameter| 45 | 45 | 45 [L.220% W220[L220 % W220
Specimen
(mm) | Height | 50 50 50 25 25
(23£2)C, (50%5) % | constant-temperature
Curing Period 48h, oven (40C) 24h,
staying onstant(0.1g) desiccator 24h
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A
Table 5914 & 4= l%o] & A8 A|A 3719} 7}
2fald A8 Al 271E ISkt
o] Al#H 4L 0.1mm Aluminium Film + 25mm
Fiber Glass + 0.lmm Aluminium Film Zt}.

53 Azt

KOLAS A8 1571391 st d &S G A g A+
ol JFsle] Ao AFEFd Ao h3k & s Al
ZA3}= Table 69 2t}

Table 6. Test Result of Incombustible Vacuum Insulation Panel

Specimen No. o L
Test Ttem 1 2 | 3 |Suitabhility| Criterion
Rate of
decrease in | 1.6 | 1.6 | 1.8| suitable Leszotha“
mass (%)
Incombustion| Difference
Test between
highest temp. . Not more
and last 52 | 6.0 |7.6]| suitable than 20
balance temp.
(C)
Average action
Gas stop time  [13:0214:28] / | suitable [P han
Toxicity .. 9:00
(min:second)

Table 6914 & = 150, &gl gk &A%
AR} T i A Y A, BAARE A3 40w e
pig=a
6. 291 DBLIAMe| HEHol Mg

6.1 2 rSHER 2| &I W74
A= T2 99 A (Film), 4 A (Core Material),
AE (Getter) = o] Fo]#] dom, 2Edz)e] 47|44
T Aoz QAo o3 AFHETa B ¢ Utk
99 A= Nylon, VM-PET, Al Foil, LDPEE t}& 2
2 7bgate] IEH JFAES FASHEE vhEojxith
AaadA e Aragd S Adstes A4S
) =+2] ASTM C1484 (Standard Specification for Vacuum
Insulation Panels)e] 1t}
FRAAH7] AR S AL AGA G AT
Green InsulatorA}2] Supervac A&l o]t
3 Ay= Fig. 113 2

s a5

oA a3
7141214 A
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Fig. 11. Long term thermal conductivity of Vacuum
Insulation Panel
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Fig. 12. Various fittings for easy attachment of Vacuum Insulation Panel

_30_



DA% AT BeA) A5 4go] A5 How
Fhab A0 glom, e, el B4 9 olgs
A

Fig. 13. Vacuum Insulation Panel attached on the interior
side of a wall using T-bar

Fig. 14. Vacuum Insulation Panel attached on the exterior
side of a wall using Holder
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Fig. 15. Vacuum Insulation Panel attached on the ceiling
using T-bar
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Fig. 16. Vacuum Insulation Panel attached on the floor
using L bar and aluminum tape
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Table 7. Price competitiveness of Incombustible Vacuum Insulation
Panel to meet the thermal transmittance of 0.12W/mP-K

Classification VIP PF board EPS 2 class

Thermal
Conductivity
(W/mK)

0.00177 0.020 0.034

Limited-
combustible

Limited-

Fire Resistance combustible

Incombustible

Thickness(mm) 20 170 280

Total Insulation

Price(Won/m?®) 62,920

77792 72,072

Table 702 5E EA 5=
Abgo R BFE 012W/m*KE
DA Fualy] As)A
7t

@A 20mm
o Y
H&5Z(PFRE)+= 170mm

ok 7} °F 150009 d7+

- 31— LHI Joumnal



Fiber Glass 41 A1
I} A A EH Q1

2t gt 2

1) 20mm 77 9] Fiber Glass 41 A %1&t
0] 0.00177W/m-K=, F71 20mm= =

st ddrEs BF 5T
2) AgekdAe] i =

/\]tﬂ?ﬂﬁr 251 o]
froll Bl 10u] o)/de]

=
=i

12W/m’K o] &} 517

Al TP eHe] HEy 1
g3 27} 280mm, 170mm

ﬁ%%ogx = 20mm FAZ 549

LFERSE T

% 0.12W/m’K ©|3t=

g

H] ok 15,0004)/m” &0

Lo}

= &
T
rﬂ

iy
oy e gy
2 or&m

—

]
=

Fo 0189 E FEATAT A7) A Lol o
521, IAIH 5:2017R1D1A3B03028249

Ao

F%E

—

TEIFH(2017), “AFE XA
I 1A, Al 2017~1108%.
. TEIEE(2019), “UE5E vPAlRe] dAdTs 2 s
St HJZHLZ 7E, THENERIIA | A2019 ~47335.
B5(2019), AFE9] Itttz 5o 71
TTENERE | | 46413
. ddE, %ﬂ#@oua) ‘TEd X%%W =3 g A s
gtk A7, 3=y, , AloH
63, 135~141.
. {g42017), “A
Detail &7+,

AZIE",

J

AL-F

Vol.10 No.3 / October 2019

— =
_= O

—_ =
w DN

—_
N

_32_

HAFH2017), “A=FE dAyx] F7RA-A584 497,
"gr&Eolgtn ) 120 122.
SHAFAME3)(2019), “dEE GEA] AREARA]

a7 e 2019-026.

ael A, 71744H2019), “HlEE ddAe] B4 54 2

A H@ubel ek A, TgigkdEsks] 2019

TASgEERY S .

M0 FAAATL2016), “HEA ] dFAE o

ek A7, TAEAIAFANE ) .

. OCI 7]+=A5.(2015).

. ASTM (1484, Standard Specification for Vacuum
Insulation Panels.

. JTBC 84 +22(2019), JTBC 2019.9.25.

. KS F 2271:2006, A15&9] WAs 2 539 *dA
Al

. Richard T. Bynum, Jr.(2001), "INSULATION HAND
BOOK, , McGraw-Hill.



LHI Journal (2019) 10(3):33—41 http://dx.doi.org/10,5804/LHIJ,2019.10.3.033
http://lhi.lh,or.kr

AT 2 AFzdo) 02 A APRAY FF 2%
e ERE
The prediction of reduction ranges of daylight

illuminance in small office for sky and shading
conditions

A 911
Seo Yeon Jang
(Received September 10, 2019 / Revised September 27, 2019 / Accepted October 11, 2019)

ABSTRACT

This study examines the distributions of daylight illuminance in a small office space under clear and cloudy sky
conditions. Three shading conditions using Venetian blinds were applied for the analysis of daylight illuminance.
Computer simulations using the Lightscacpe were conducted for the daylight conditions applied to the office
space. Results indicate that the illuminance differences between clear and cloudy sky for south—facing conditions
were greater than those for north-facing conditions. The differences in December and June were the greatest
and smallest, respectively. For the north-facing conditions, the daylight illuminance at 10:00, 12:00 and 14:00 in
June and September under the cloudy sky was higher than those under the clear sky conditions. For all daylight
conditions, the biggest amount of illuminance reduction occurred when the shading device conditions were
changed from the no blind to the 45 degree blinds. As the distance from window increased, the shading effect
that occurred when the shading device conditions were changed from the horizontal blind to the 45 degree blinds
increased.

Key words: Daylight illuminance(F&=%), Office space(AFFa24), Sky condition(H& Z=71), Daylight conditions(F2&
Z=2), llluminance difference(=% %}0l)
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HE F3e X7 BAHJAT o]E  flste] Aol
Foh= WEFY Aol WgH= A9, Ag 239
thate] glo] EAA o] Z(Lightscape)ol] &3+ Al Edlo] o]
AR = et
2, ATtue

oAl Aol Ydakete FRERE R
42 98te] Lightscape 32ZZ13o] Z8-x|of
Al Edoldol  AAEAY. Lightscapers #&EdY
(Radiosity)¥} #A3F#(Ray Tracing)”7|<o] Z-8¥o]
A% F(Direct lighting)2} 7Fd & (Indirect lighting) |

5 AR, 2 Azl e Wil g At
Axp g AR ojux] Aol Thestt(ETIE, 2007;

AAe ¢, 1999). Lightscapex= AW %%, 3w 2
32k olmx] A Fo] Jheek AIZAAQl AjFEA o]
7bFedk ZRIOfloR I Qo old g 4=

A= HA 1.3%, AW 98%clH, Hit 34%°o=

e A AT A E <], 2008)

Table 1. Simulation condition

Date Sky condition Time Orientation
8
June/21 Clearsky 10 South
September/21 1 oy 12 North
December/21 HAySKY 14
16
AEHoldol Agy RIS AR ARAR
7P E ], A FEjE AAE AT
/A\ _ 900mm 1,600 1600mn  900mm A
£

400mp 900mm | 900mm | 900mm| 400mn

Fig. 1. Floor plan
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5000
=&~ No blind
= —#—Hor. blind
o 4000 —0—45" blind
E 2000 - s, O - —
= \_A\S\
= F —
= e ‘\L.. 5\
£ 2000 2 = —
iz
g
£
= 1000
&
B
pus |
(o] D 1 I 1 Il 1 1 1 I
05 10 15 20 25 30 35 40 45

Distance from window [m]

Fig. 5. Variation of indoor illuminance (Clear sky, South-facing,
September/21, 12:00)
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Fig. 7. Variation of indoor illuminance (Clear sky, North-facing,
June/21, 12:00)
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Fig. 8. Variation of indoor illuminance (Clear sky, North-facing,
September /21, 12:00)
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Fig. 9. Variation of indoor illuminance (Clear sky, North—facing,
December/21, 12:00)
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g. 11. Variation of indoor illuminance (Cloudy sky, South-facing,
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g. 12. Variation of indoor illuminance (Cloudy sky, South-facing,
December/21, 12:00)
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g. 13. Variation of indoor illuminance (Cloudy sky, North—facing,
June/21, 12:00)
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Fig. 14. Variation of indoor illuminance (Cloudy sky, North—facing,

September/21, 12:00)
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Fig. 15. Variation of indoor illuminance (Cloudy sky, North-facing,

December/21, 12:00)
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Table 2. Reduction of daylight illuminance by formula (1)

o
R
e

ol B&ES ok 4, A 219 2EnE2
HAa 41.05%5FH, Hdl 80.12%7HA dERgch 697
99 o] A 1041, 124, 1440l &5 Fho] uEpskom,
1299 B¢ A AA7F gls wl 14rAMT 55 Fhol
veldth BE 54 dA 2104 oA ARt HE
708 W& 3ol Aol FlshAl vERbA ettt

4z

AE 2709d 25| go] gho] =2 AL HHFA
0 =2 Ay FEEE o] YEhd AE v, &5
#He AS FHTANM 9 EE& 2= Fo] YEld AS
ojmgic), whehr] o] FES sl A ATl
257 GHFgA e 2ERT 4 =4 e,
12€el 1 Zol7b 7Fg Ax 6€e 2 Zo=
AU o] 5ES Feh= A 693 949, 104,

(South—facing, unit; [%))

Distance from Window [m]
Month Time No blind Hor. blind 45° blind
1 2 3 4 1 2 3 4 1 2 3 4

8 258 258 20.6 258 257 239 255 259 259 26.4 26.0 26.1
10 30.0 29.0 29.6 30.3 338 30.8 285 26.8 416 39.0 36.7 35.7
June 12 354 36.8 39.9 414 55.0 50.4 453 39.8 45.3 43.0 40.6 39.8
14 514 387 41.0 42.3 60.1 55.2 51.1 459 536 51.1 49.1 48.6
16 153 15.3 15.3 15.3 23.8 214 20.7 21.8 186 183 178 17.8
8 79.1 78.1 772 76.6 80.9 7712 76.5 736 79.3 80.0 775 76.7
10 - 5.7 76.1 76.4 36.1 33.1 0.6 777 30.5 30.5 79.8 784
Sep 12 63.9 71.7 74.8 76.3 86.6 83.7 81.0 774 80.5 80.2 79.2 78.2
14 - 754 765 771 86.5 33.6 81.0 776 30.8 80.4 79.4 785
16 78.3 774 76.7 76.2 84.7 81.2 79.5 77.0 79.7 80.0 78.3 779
8 89.3 89.4 9.3 339 91.2 91.3 90.4 89.6 90.6 90.6 90.5 90.5
10 89.2 90.7 92.1 929 94.7 93.7 93.7 93.0 91.6 914 91.0 90.7
Dec 12 825 85.7 9.1 - 93.0 91.8 91.8 914 91.6 91.4 90.8 90.6
14 86.8 - - 91.8 939 929 - 91.8 91.7 915 90.9 90.6
16 90.9 92.2 93.0 92.6 95.6 9.1 9%.0 93.8 92.2 92.3 91.7 915

Table 3. Reduction of daylight illuminance by formula (1)

(North—facing, unit; [%])

Distance from Window [ml]
Month Time No blind Hor. blind 45° blind
1 2 3 4 1 2 3 4 1 2 3 4
8 61.4 589 58.1 576 684 62.1 599 58.1 66.6 63.2 60.6 59.7
10 -9.1 -9.1 -9.1 -9.0 -87 -89 -89 -97 -9.2 -94 -9.2 -9.1
June 12 -37.8 -37.8 -37.8 =377 -374 -38.0 -38.1 -41.0 -37.6 -38.0 -37.1 -37.0
14 -286 -285 -28.6 =287 -28.1 -28.8 =287 -29.8 -89 -28.8 -28.1 -28.3
16 116 11.6 11.6 11.6 11.3 11.1 115 13.2 11.7 119 11.7 11.8
8 42.1 42.1 42.1 42.1 426 399 420 39.8 420 42.0 43.0 427
10 -94 -94 -94 -93 -95 -84 -9.3 -97 -96 -95 -9.3 -95
Sep 12 -359 -35.8 -36.1 -3B.7 -35.3 -33.2 -35.3 -385 -36.5 -36.5 -35.7 -36.2
14 -245 -24.4 =247 -24.4 -24.4 -22.3 -24.2 -26.2 -25.0 -24.8 -24.3 -24.7
16 19.0 18.9 19.0 21.2 188 16.4 18.7 18.0 19.1 19.6 19.2 19.3
8 78.1 782 779 715 79.8 81.1 79.2 78.8 80.0 80.1 795 79.7
10 30.3 304 30.3 304 309 285 30.3 276 30.3 30.4 31.3 309
Dec 12 79 79 79 78 78 8.0 78 79 8.0 81 8.0 8.1
14 -0.1 -0.1 -0.1 -0.1 15.8 14.5 158 134 15.7 16.1 16.3 16.9
16 51.6 51.7 515 51.2 525 51.8 51.8 51.6 50.9 51.0 51.3 51.1
Vol.10 No.3 / October 2019 — 38 —



HAE 9 AR M2 27E ARAS] 23 28 el o3
124, 1474 2delA gdee] 227b 0 52 0® spsstols UM RE- 45° ZRHRIE UM £
HER AW 2at0lC ZAM EE X100 ®
33 A zold =k @& ulE AdzA AU 22 e WEe AQ), @), (Aol
Ag=o] Askd  Fo=Z(o]dt (No-Hor.) blind/ No
Serel=otgle 2UAM 2 - FRECHUE ZHAN 25 @ blind, (No-45°) blind/ No blind, (Hor.-45°) blind/ Hor.
SEtelE7t gle ZUM 2 blind) Table. 4 - Table. 701 YEFY At} BE 45
AN F2E AW 9 ko]l YERTh
SHESABETEANEL 15 SAREREINES s iw0- AU 204 Pol BB P A9 B2
ZBIQIET} Qe ZHOM ksl 4% EF (No—45°) blind/ No blindelA 713

ol & Aoz vEtth (No- Hor.) blind/ No blind

9} (No—45°) blind/ No blind® ZA3e} Higiz
Table 4. Reduction of daylight illuminance by formula (2), (3)& (4) (Clear sky, South—facing, unit; [%])
Distance from Window [m]
X Time (No—- Hor.) blind/No blind (No - 45°) blind /No blind (Hor. - 45°) blind /Hor. blind
1 2 3 4 1 2 3 4 1 2 3 4
8 70.3 58.8 51.0 396 747 71.2 67.0 64.5 14.7 30.0 32.7 41.2
10 68.7 58.0 51.8 41.2 69.6 66.3 63.3 61.4 2.7 19.8 23.8 34.4
June 12 574 475 46.0 395 70.1 68.0 66.8 65.6 29.7 39.1 385 431
14 64.0 43.6 40.7 339 735 63.8 61.8 60.1 26.4 3.8 35.6 39.7
16 67.0 55.6 476 345 736 70.1 66.0 63.4 20.2 32.7 3.1 44.1
8 67.6 585 52.1 444 74.4 63.7 67.0 64.8 21.0 24.5 31.1 36.8
10 - 40.5 39.6 359 - 64.1 61.0 61.1 39.0 39.6 354 39.4
Sep 12 31.2 288 34.8 35.3 595 8.7 59.9 61.3 41.2 42.0 385 40.1
14 - 386 39.3 372 - 63.8 62.3 62.2 40.1 41.1 379 39.7
16 57.7 484 43.9 369 729 67.7 64.6 61.9 36.0 374 36.8 39.6
8 66.7 5 47.8 377 736 705 66.0 63.4 20.7 3H.1 349 41.3
10 395 36.6 379 36.4 67.8 69.2 715 734 46.7 514 54.1 58.2
Dec 12 25.4 26.2 34.4 - 476 525 60.7 - 29.7 3.5 40.2 46.8
14 PS5 - - 38.2 59.6 - - 69.6 37.3 445 - 50.8
16 38.8 32.5 30.8 26.2 69.9 70.8 72.1 69.3 50.9 56.8 59.6 53.3

Table 5. Reduction of daylight iluminance by formula (2), (3)& (4)

(Clear sky, North—-facing, unit; [%])

Distance from Window [m]
Month Time (No - Hor.) blind/No blind (No - 45°) blind /No blind (Hor. - 45°) blind /Hor. blind
1 2 3 4 1 2 3 4 1 2 3 4
8 70.2 578 .0 39.7 4.7 714 69.2 64.6 15.0 32.3 33.1 414
10 70.4 59.1 51.1 383 74.6 71.1 67.0 64.4 14.2 29.2 325 42.3
June 12 70.4 58.8 50.9 38.0 4.7 71.1 67.1 64.7 145 30.0 33.1 43.1
14 704 58.8 50.9 33.0 4.7 71.1 67.1 64.5 144 29.9 33.0 42.7
16 70.3 58.8 51.0 39.6 74.6 71.2 67.0 64.5 14.7 30.0 32.7 41.2
8 70.5 56.7 50.6 373 4.7 714 675 64.9 14.3 33.8 34.1 44.1
10 70.3 587 50.8 395 4.7 71.2 66.9 64.5 14.8 30.3 32.7 41.3
Sep 12 704 59.1 51.0 383 74.6 71.1 67.0 64.4 14.3 29.3 325 42.3
14 70.3 59.0 51.0 387 74.6 71.1 67.0 64.4 146 29.5 32.7 42.0
16 70.2 57.0 50.6 39.0 4.7 715 67.0 64.7 15.1 336 33.2 42.1
8 2.7 62.7 53.2 415 71.0 739 69.8 63.6 156 30.2 355 46.3
10 704 56.7 50.6 373 4.7 714 675 64.9 145 34.1 34.2 44.1
Dec 12 70.2 578 50.6 39.7 4.7 715 67.0 64.7 15.1 324 33.2 415
14 70.2 56.9 50.5 378 74.6 714 67.1 65.0 14.8 33.7 334 437
16 70.7 570 50.7 382 74.3 71.0 66.9 64.9 124 32.6 32.9 43.2
-39 - LHI Journal
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Table 6. Reduction of daylight illuminance by formula (2), (3)& (4)

(Cloudy sky, South—facing, unit; [%))

Distance from Window [m]

Month | Time (No — Hor.) blind/No blind (No - 45°) blind /No blind (Hor. — 45°) blind /Hor. blind
1 2 3 4 1 2 3 4 1 2 3 4

3 63.7 54.3 484 3838 70.9 68.1 64.9 62.8 19.7 30.1 32.0 39.2

10 70.4 59.1 51.0 386 74.7 71.2 67.0 64.4 145 29.5 326 42.1

June 12 70.3 589 51.0 39.4 4.7 71.2 67.0 64.5 146 30.0 326 414
14 70.3 589 51.0 386 70.1 71.2 67.0 64.5 -0.9 29.9 32.7 42.2

16 70.4 59.1 51.1 382 74.6 71.1 67.0 64.4 14.2 29.3 325 424

8 70.3 58.3 50.8 395 74.8 71.4 66.9 64.6 150 31.4 32.8 415

10 70.3 58.3 50.8 395 74.8 71.2 66.9 64.5 149 31.0 32.7 41.3

Sep 12 70.3 58.3 50.8 395 747 71.2 66.9 64.5 149 31.0 32.7 414
14 70.3 58.3 50.8 395 4.7 71.2 66.9 64.5 149 30.9 32.7 41.3

16 70.3 58.3 50.8 412 74.8 71.2 66.9 65.5 149 31.0 32.7 41.3

3 705 56.8 50.2 317 747 71.4 67.4 65.1 14.3 337 346 44.0

10 70.3 57.8 50.6 395 74.8 715 67.0 64.6 15.1 32.3 331 416

Dec 12 70.3 577 50.7 39.4 74.8 71.4 67.0 64.6 150 32.4 33.0 415
14 64.6 496 41.3 279 69.9 65.9 60.7 57.8 150 32.4 33.0 415

16 70.3 57.0 50.6 376 74.7 71.4 67.1 65.0 149 33.6 334 439

Table 7. Reduction of daylight illuminance by formula (2), (3)& (4)

(Cloudy sky, North—facing, unit; [%))

Distance from Window [m]
Month Time (No - Hor.) blind/No blind (No - 45°) blind /No blind (Hor. — 45°) blind /Hor. blind
1 2 3 4 1 2 3 4 1 2 3 4
8 70.3 578 50.7 395 74.8 71.4 67.0 64.6 15.1 32.3 33.1 415
10 705 | 591 | 511 | 333 | 746 711 67.0 64.4 141 29.2 25 423
June 12 704 58.8 50.9 379 747 71.1 672 64.7 14.4 30.0 33.1 43.1
14 705 | 588 | 509 | 331 | 747 711 67.1 64.6 143 299 330 238
16 703 | 589 | 510 | 394 | 747 71.2 67.0 645 146 30.0 327 414
3 706 | %68 | 507 | 371 | 748 713 675 64.9 141 337 341 442
10 70.3 58.7 50.8 39.3 747 71.2 66.9 64.5 14.9 30.3 327 415
Sep 12 704 | 591 | 511 | 333 | 746 711 670 64.4 141 292 25 23
14 703 | 591 | 510 | 336 | 746 711 67.0 64.4 145 295 326 420
16 703 | 570 | 506 | 338 | 748 715 670 64.7 152 336 331 23
3 728 | 627 | 531 | 414 | 770 739 69.8 636 152 30.2 355 164
10 705 | %67 | 506 | 371 | 748 714 675 64.9 143 34.1 34.1 43
Dec 12 703 | 578 | 506 | 395 | 748 715 670 64.7 152 324 332 417
14 703 | 570 | 506 | 376 | 747 714 67.1 650 149 336 334 439
16 708 | 570 | 508 | 331 | 743 710 669 64.9 12.1 325 2.3 433
(Hor.-45°) blind /Hor. blinddX+ Ho=zZXHE o]A Aoz e o] JF&g Tal= Hee B
A7t doldE ol A= ez yehith o) et A9 B (No-45°) blind/ No blind oA gko]
F&S sl A, 1299 (No- Hor.) blind/No blind 7 =4 YeERs (No-Hor.) blind/ No blind ¢}
1241, 144¢F (No-45°) blind /No blind 1041, 1241, 144] (No-45°) blind/ No blind®] ZA#¢} wHHE (Hor.-45°)
16418 o= olAAE 7} Hojd = ol AXE blind/ Hor. blindolA=  Fo=2HE  oF At
Ao 2 Yeldt) 3 d&ES ks A 22 A HoNA Ho] A2 Fho] ARE= Aoz el
AiZE d zE HE g Aok Hu 364%°. AF 2R 2E W& ol F4F F oY
Uebta, 528 dsle 49 Ad 67%= YeRdth 270l A% ae] Aoyt AL ougth
GHT 2H0A Fo] &S ok A9 EES st gl Afdd g 45° EEl= A 8A9
gl A A9 Aol Hul 0197FEH  HA 2t g3 BRE 2dA P 2 Jo® Yesen,
-0.1917HA 2 2p¥F =4 d LM g BY e HAF FHERI=S} 45° Bepol=o] A% gyt FOoRHE
79 vste] zFol7t A YERtoH, 69, 9¢€, 12€9) old A7} WAL= o7} FUEshe oz
2k =AW FERE BX g 9A] zolrt minjd LT
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FARA L ALEA) FE Fs) AZeAR 3] AEAe] BAYHR A8 YNEAE 1692 Feror,
Fod AR EREAL, AR, BEALL W Fash mav)
FHO ¢ MEA I 37| MEA MEIMEE

ABSTRACT

The purpose of this study is to derive indicators and development directions to be considered when planning new
towns in the Seoul metropolitan area as new towns are planned to be built. To this end, the following implications
were derived after analyzing the survey data of experts in each field using Frequency Analysis and Analysis of
Variance(ANOVA) technique. First, the assessment results of the existing first and second phase new towns
showed that there were many negative assessments of citizen participation and information sharing, smart
technologies and services, social and cultural diversity and inclusion. Regarding the third phase new town, experts
said that the most important indicators are accessibility and convenience of transportation, environmental comfort,
quality and service of residence. In addition, experts cited the superiority of landscape/design,
jobs/self-sufficiency and social/cultural diversity as important indicators. Second, after examining whether the
perceptions and assessments of experts differ depending on individual characteristics such as gender, age,
occupation, and professional field, the first and second phase new towns showed significant differences only in
"gender”, and the third phase new town had significant differences in "gender” and "professional field”. Third,
experts thought that changes in population structure, industry and jobs, quality of life and diversity, environment
and climate change, and social and residential welfare should be considered important in the planning of third
phase new town. In addition, experts considered expanding park and self-sufficient land as important in the land
use plan, and ranked eco—city as a desirable type of the city, and public transportation facilities, park areas and

education facilities as the most important living infrastructure.

Key words: New Town, Seoul Metropolitan Area, Third Phase New Town, Expert Survey
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Table 1. Questionnaires on the direction of new town development

[Question 1] Please rate each indicator on how you think about
the first phase new towns(seven—point scale)

very - med- N very

Indicator low ium high
1 21 3 4 51 6| 7

environmental comfort
jobs and self-sufficiency

social-cultural diversity &
inclusion

citizen participation &
information sharing

accessibility &
convenience of
transportation

smart technologies &
services

excellence of landscape &
design

quality & service of
residence

[Question 2] How do you rate the first phase new town in
general?

. extremely problematic 2. very problematic

. slightly problematic 4. medium

. slightly well-developed 6. very well-developed
. extremely well-developed
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Table 2. dependent variable & explanatory variable

variable name of variable category value
¢ environmental comfort
¢ jobs and self-sufficiency
¢ social-cultural diversity &
inclusion
dependent | * citizen participation & 7-point scale
variable information sharing (extremely
(planning | * accessibility & convenience low ~extremely
indicator) of transportation high)
e smart technologies & services
¢ excellence of landscape &
design
e quality & service of residence
gender 1. male 2.female
1. the youth(19~39)
age 2. middle-aged(40~59)
3. the elderly(60 1)
1. professor
occunation 2. researcher
b 3. worker involved
explanatory 4. the others
variable 1. urban planning
2. architecture
3. transportation
specialized field 4. landscape
5. business &
economy
6. environment
. . 1. yes
experience 1n new town
2. no
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Table 3. characteristics of respondents
item N %
total 110 100.0
gender male 87 79.1
female 23 20.9
20s~30s 11 10.0
age 40s 39 PS5
0s 51 46.4
60s and more 9 82
professor 47 427
occupation researcher 39 3B5
worker involved 24 21.8
urban planning 36 327
architecture 21 19.1
. . transportation 18 164
specialized field landscape 18 16.4
business & economy] 10 9.1
environment 7 6.4
experience in yes &4 764
new town no 26 23.6
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Fig. 1. results of responses to the 1% phase new town(%)
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Fig. 2. results of responses to the 2™ phase new town(%)
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S 2 YET) o]l A XA 7F ZhFo]okdt 9 70 7 A Table 5. ANOVA results by respondent characteristics (n=110, a=0.05)
74, e, FAY A, A ol do BVt 914 . .
) B ] bl g occupa-| special | experi-
of 7]Q1%k Aoz FAdErt E3t H|E 2 &2 UE vanabie gender | age tion | field | ence
3 HFEEE (o) Alo] = 5 © =2 71 o
G AERFESE D01 A VIS HETA S G mental comford p=967 | p=711 | p=482 | p=431 | p=625
et AdE B oo Aol S =2A onrt Aoka 3 N
_ jobs an
T 2= o] o = = = = =
g = 9le Aot} self-sufficiency p=.019 | p=.059 | p=.189 | p=.608 | p=.458
) S S social-cultural 5 B B B 8
Table 4. the comparison of experts’ opinion on planning indicators diversity & inclusion p=.085 | p=.885 | p=467 | p=.062 | p=.805
iti articipation &
planning indicators 1% ond 3 Clin?;rﬂlmI;tionEaroirrllg p=112 | p=.468 | p=.126 | p=.080 | p=.330
) accessibility/convenie| B B B B
environmental comfort 1 1 2 nce of transportation p=003 | p=.176 | p=.374 | p=498 | p=963
smart technologies &| B B B B
jobs and self-sufficiency 4 6 5 services p=036 | p=769 | p=247 | p=798 | p=.387
excellence of =020 | p=.210 | p=.110 | p=521 | p=347
landscape & design b= L b= P~ p=
social-cultural diversity & inclusion 5 ® 6 i & e of
quality service o _ _ _ _ _
residence p=.019 | p=.078 | p=516 | p=.99%6 | p=.840
.. L . . (evaluation in total) | p=.013 | p=.618 | p=919 | p=849 | p=.905
citizen participation & information
. (7) (7) 8
sharing
AR Re] SAo] whe fo]8el Foli Aol
L g e QE, A9, ARRel, ARAGTAY F
accessibility & convenience o = ey
transportation 25 |1 gRRe] AAEAES 17] %A ADAE Bl £
o 4Q) e MAA) e Aoz nalth 4l A9 @
. . BA AAG Y AbsEsHA AT 284, AlFIRe] 9
smart technologies & services (8) 4 7 ARFTHE A Q3 57 JEA] 2po]E VeI AL, oA o]
| B el vls) o 2AH BAE W 53] wE)
excellence of landscape & design 6 3 4 AaA A, F=A9 Ay Aus A gol A A
. | . A7k Ao 27 et o 17] A=A bl
quality & service of residence 3 2 3 oA MBI S 287} FIFFHAA 561 > WA 497)
oA % 5 glste] 17] AmA] g wl$ 354 <14o]

* The value in ( ) indicates that a positive evaluation is less
than 50%

AAufx] FE4HEA (One-way ANOVA)S 53] S5
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Table 6. ANOVA results by respondent characteristics (n=110, a=0.05)

occupa | special | experi

variable ecideaec e e R e
environmental p=289 | p=600 | p=959 | p=.833 | p=.808
comfort

jobs and

self-sufficiency p=.022 | p=563 | p=.248 | p=602 | p=.800

social—cultural

diversity & inclusion p=050 | p=850 | p=726 | p=742 | p=866

citizen participation
& information p=.007 | p=432 | p=.539 | p=.863 | p=.480
sharing

accessibility/conveni
ence of p=.015 | p=.084 | p=.304 | p=.456 | p=.078
transportation

smart technologies

& services p=009 | p=441 | p=111 | p=351 | p=428

excellence of

landscape & design p=.016 | p=505 | p=.848 | p=.902 | p=.828

quality & service of

residence p=042 | p=399 | p=676 | p=823 | p=.505

(evaluation in total) | p=.013 | p=.264 | p=.749 | p=.724 | p=.538
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Table 7. ANOVA results by respondent characteristics (n=110, a=0.05)

occupa | special | experi

variable gender | age | .o | God | ence

environmental =004 | p=542 | p=282 | p=.112 | p=.995
comfort b= o . . g
jobs and

self-sufficiency p=.038 | p=.296 | p=475 | p=.287 | p=.315

social-cultural

diversity & inclusion p=002 | p=302 | p=869 | p=029 | p=865

citizen participation
& information p=.017 | p=.767 | p=.829 | p=.189 | p=.261
sharing

accessibility/convenie

nce of transportation p=105 | p=228 | p=241 | p=246 | p=439

smart technologies &

. p=204 | p=540 | p=718 | p=.646 | p=.093
services

excellence of

Jandscape & design p=.131 | p=.329 | p=.808 | p=.001 | p=.984

quality & service of

residence p=.005 | p=.081 | p=534 | p=.009 | p=.611
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Table 8. Comparison of Assessment Results by Gender

L standard
indicators gender | N | average deviation
male 87 5.72 961
environmental comfort female | 23 6.35 714
total | 110 585 947
male 87 534 1.292
jobs and self-sufficiency | female | 23 596 1.022
total 110 547 1.261
male 87 490 1.079
social-cultural diversity [7e ) T os [ 570 974
& inclusion
total | 110 5.06 1.103
male 87 467 1.138
c1.t1zen DalfthlDath.l’l & female | 23 5.30 1.063
information sharing
total 110 4.80 1.148
male 87 6.08 1.091
accesSlb1hty/convgruence female | 23 6.48 790
of transportation
total | 110 6.16 1.045
male 87 5.07 1.274
smart technologies & 7 i T o8 [ 543 992
services
total | 110 515 1.225
male 87 5.44 985
excellence of 'landscape & female | 23 573 o002
design
total | 110 551 974
male 87 5.64 915
quality & service of . | 5 9
residence emale 3 6. 600
total | 110 576 333
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Table 9. Comparison of Assessment Results by specialized field

indicators special field N | average | std. dev.
urban plan. 36 5.81 822
architecture 21 6.05 921
transportation | 18 5.61 698
environmental comfort| landscape 18 6.22 .808
biz./economy | 10 5.90 568
environment 7 5.14 2.116
total 110 | 58 47
urban plan. 36 5.67 1.265
architecture 21 5.62 1.071
. transportation | 18 5.00 1.328
wl flf’:jfffgjncy landscape | 18 | 572 | 1074
biz./economy | 10 5.30 1.160
environment 7 4.86 1.952
total 110 | 547 1.261
urban plan. 36 4.89 1.166
architecture 21 5.62 1.024
. transportation | 18 472 669
e T T
biz./economy | 10 460 1.430
environment 7 4.86 1.215
total 110 | 506 1.103
urban plan. 36 4.75 1.180
architecture 21 5.29 1.056
. L transportation | 18 4.33 907
Cl.“?e“ partieipation & landscape | 18 | 494 | 933
mnformation sharing 1= 0 e conomy | 10 | 460 | 1506
environment 7 4.71 1.496
total 110 | 4.80 1.148
urban plan. 36 6.08 1.296
architecture 21 5.86 127
o . transportation | 18 6.33 1.085
accessibility/ conve@en Jandscape 8 650 618
g2 oif Trmsporiaiion biz./economy | 10 6.50 707
environment 7 5.71 1.380
total 110 | 6.16 1.045
urban plan. 36 5.08 1.204
architecture 21 548 1.123
. transportation | 18 517 924
smart technologies & ™1n 1ocbe | 18 | 522 | 1215
serviees biz./economy | 10 | 470 | 1767
environment 7 4.86 1574
total 110 | 515 1.225
urban plan. 36 5.39 934
architecture 21 5.81 928
transportation | 18 494 873
excenegfe C?f landscapa ™ fscape | 18 | 617 | 857
esien biz/economy | 10 | 550 | .707
environment 7 5.00 1.155
total 110 | 551 974
urban plan. 36 592 841
architecture 21 5.81 814
. . transportation | 18 5.44 784
quality &dsemce of ™ andscape | 18 | 617 | 7%
residence biz./economy | 10 5.60 343
environment 7 4.86 1.215
total 110 | 576 383
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FFHA FREAY FEESd AT
The Utilization Method of Unsold/Unused Land in Urban
Development Project Areas : Estimating Feasibility of
Temporary Commercial Parking Lots Using CVM

A - ALl - gRw
Tae Gyun Kim - Ji Eun Park - Jeong Ran Yun
(Received September 6, 2019 / Revised September 25, 2019 / Accepted October 18, 2019)

ABSTRACT

In this study, the author suggests utilizing unsold and unused land as temporary commercial parking lots as a
way to raise funds for active public transport use. In addition, reasonable parking fee scheme is suggested by
estimating marginal parking fee and marginal parking distance for the commercial parking lots based on the
CVM. The author conducts a survey to investigate citizens’ opinion on utilizing unsold and unused land in the
urban development project area as temporary commercial transport facilities such as parking lots. Based on
survey outcome, travel behavior and requirements are analyzed and marginal parking fee and marginal parking
distance are estimated through the Contingent Valuation Method (CVM). The results are as follows: in the
single-bounded dichotomous choice model, people are willing to pay 216 KRW for 165m in average for 10 minutes
and their willingness to pay goes down against reaching distance to the parking lots from 365 KRW for 50m,
295 KRW for 100m, 173 KRW for 200m, and 51 KRW for 300m; in the double-bounded dichotomous choice model,
people are willing to pay 285 KRW for 16om in average for 10 minutes and their willingness to pay goes down
as well against reaching distance to the parking lots from 310 KRW for 50m, 297 KRW for 100m, 272 KRW for
200m and 248 KRW for 300m. It is clearly appeared that people’s willingness to pay goes higher as distance to
reach the parking lots goes shorter.

Key words: Unsold and Unused Land Utilization; Parking Lots; Commercial Transport Facilities; Fundraising for Public
Transport; CVM
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Table 1. Total travel time taken by public transportation

T time(min) | rate(%)
travel time from origin to stop/station 6.52 12.5%
transfer time or waiting time 7.29 14.0%
travel time 3261 62.4%
travel time frgm s.top/ station to 550 11.1%
destination

total travel time 52.22 100.0%

number of tranfer 0.66

322 SEA B3 nS2 SHAZE & SHHE =4
1) 93t FYARE vl
S&Aket FaEe] Hit SRS Blas] B
|2 SHAIEE 218, TS TS 2RO
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Table 2. Average travel time taken by car and public transportation
mode number |mean time(min) St. Dev
car 804 21.13 13.709
public transportation 804 52.22 25.028
t-test : t=-30.893, p=0.0001
T8t dFuEY HaEPAIS B, A
o 99067 %8 Balo] YFWE T Ak
Fotant &3k TaAlgte] dFuE R AAY 22 7

= 1% &3 § Aew yEuth

Table 3. Comparison between travel time taken by auto and public

transportation
type number rate(%)
car < public transportation 796 99.0
car = public transportation 4 05
car > public transportation 4 05

Table 4. Comparison between travel costs of public transportation and auto

mode number | mean costs(won) | St. Dev
car 804 190741 1711.529
public transportation 804 1604.43 1009.728
t-test : t=4.323, p=0.0001
5849 dFase Bt FAvE Aol wad 1
S84 B0 AL 536%, FAT A 12%%,

Table 5. Comparison between average travel costs of public
transportation and auto

type number rate(%)
car < public transportation 431 53.6
car = public transportation 10 1.2
car > public transportation 363 45.1
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Table 6. Existence of parking lots in living area and destination

destination
total
parking lot |no parking lot
living parking lot 69.8 18.3 33.1
areéa no parking lot 8.2 3.7 11.9
total 78.0 220 100.0
X —test X*=5416, df=1, p=0.020
2) AFASH BHA FAY frol R
AFA(EEA G} =2 Aol =2 o] -G ES AR
W AFA G mAA o B FRQl AE 628% % A
93, BAA T §7e A9 56% AFAT H89 Fe
1.2%, AFASF =24 25 82 4= 01%= £4 53
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Table 7. Existence of free of charge parking lots in living area and destination

destination parking lot
|

free
62.8
1.2
7.0
71.0

none
17.8
0.5
37
22.0

pay
56
0.1

1.2
7.0

86.2
1.9
119
100.0

free

living area

parking lot pay

none

total

X test x?=8.881 df=4, p=0.064
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Table 8. Conditions of illegal parking in living area and destination
(N=816, %)

destination

total

illegal |no illegal| parking lot

illegal 0.7 2.7 35

living
area

no illegal 09 2.1 55 85

81 10.2 69.8 88.1

parking lot

total 9.7 12.3 78.0 100.0

x> -terst x*=18517 df=4 p=0.001
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Table 9. Level of crackdown on illegal parking

destination

total

not at all| rarely | frequent | very often

not at all 76 8.0 39 3.1 225

rarely 6.1 19.5 8.3 71 410

living

area

frequent 26 9.2 8.8 57 26.4

very often 1.1 36 1.2 41 10.1

total 17.4 40.3 23 20.0 100.0

X -test x?=85.501 df=9 p=0.000
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Table 10. Level of preference for paid parking lot operation in a city 333 SEFAZE d2ZHEd w2 22 B
Site approve(%) | oppose(%) D A2ARE A Aedd Faes v
Suwon 93.3 6.7 FEFAE &9 A =T 10529 200990 sl A
oungin et 2] AL 7 ol hERem, Aele] e R oAl K,
Daejun - Doan 89.3 10.7 = )
Paju 830 120 100, 200, 300m =5 10%3 20099 &l R =LA 7H
National Agency for Administrative City 82.1 17.9 = YER R
total 878 12.2
Table 12. Maximum amount of willingness to pay by access distance
i to paid parking lots (2] : %)
332 EHHE EAMES 28t ALl MY
fFFAY) FRTFAE Sdol me FEA o] §AE fee(won) access distance(m)
F2%4 ol g Aefol @ B BAo] Bty oo & - R
B A = =R 1 ol Z3 o =L = B o] A - - - - -
TN E FAT M B FAL ] me Xl?jj 100 105 | 198 | 267 | 180 | 191
%fé’iﬂ EEX}‘ SP(Stated Preference)i/\}@ }%_]-?5. H]Qg T 200 334 35.6 248 14.0 270
st 300 291 25.3 146 150 209
B B Qs AR HEAY=(H T 500 16.3 9.4 10.7 11.0 116
A, HaAT) 2714 kel o7 TR, 2] A 800 12| 18 | 34 | 10 | 19
92 = 30/ 2Tow LA 1,000 35 - 15 0.5 1.2
1,200 1.7 - 1.0 0.5 0.7
Table 11. Scenarios by access distance to parking lots and parking fee 1,400 06 04 05 _ 0.4
1,600 - 0.4 05 - 0.2
scenario 1 scenario 2
avg. avg.
Type dist. (stdl) (topl) (subl) dist. (stdZ) (topZ) (subZ) 9) =gzl e ¥ A FxpA
AR il il et R FRFAG A4 2 FALFE B 584 o8
2 200 300 500 200 100 500 800 300 X]"o/] EH%JT—%O]% ﬁ@'ﬁﬁ% }\ELE%E‘ 753}, ?;‘(]_ZO}- JOJ-—I_EILO]
3 [300] 500 [ 800 | 300 [ 200 [ 800 [ 1,000 | 500 1029 Hi 6329 o, T8 AR = o 1%m o]/
4 1300 | 80 [ 1,000 [ 500 [ 100 [ 1,000 | 1.200 | 800 o] 9123 W] PELEL o] &3t Fojgt e Aow Hol
5 300 [ 1,000 [ 1,200 | 800 | 50 | 200 | 300 | 100 ol o8 Alo] el A ] o1l 2ol
6 200 | 200 | 300 | 100 | 50 | 300 | 500 | 200 S8k ol gt F=A s HEAEE 200m oW <]
7 300 | 300 | 500 | 200 | 100 | 500 | 800 | 300 Ao g st
8 | 300 | 500 800 300 50 800 1,000 | 500
9 | 200 | 800 | 1,000 | 500 | 50 | 1,000 | 1,200 | 800 , _ , ,
10 | 100 | 1,000 | 1200 | 800 | 50 200 300 100 Table 13. Level of parklng fee to d!scourage parking and maximum
111 200 | 200 300 100 | 100 300 500 200 useable distance for parking lots
12 | 300 300 500 200 | 200 500 800 300 e Dl dist for
13 [ 300 | 500 | 800 | 300 | 50 | 800 | 1,000 | 500 parking fee to discourage parking| ;‘f;i elots‘ ance
14 | 200 | 800 1,000 | 500 50 | 1,000 | 1,200 | 800 D g
15 | 300 | 1,000 | 1,200 | 800 | 200 | 200 | 300 | 100 632won/10min(avg.) 194m(avg.)
16 | 300 200 300 100 | 100 300 500 200
17 | 100 | 300 500 200 50 500 800 300
18 | 200 | 500 | 800 | 300 | 100 | 800 | 1,000 | 500 334 BZHE| 280 IE X|ELA 2X
19 [ 200 | 800 [ 1,000 | 500 | 50 | 1,000 | 1,200 | 800 D #471= 24
20 | 300 | 1,000 | 1,200 | 800 50 200 300 100 - -
) y H B Ala TR 2~ 2 B ot}
22 [ 300 [ 300 | 500 [ 200 | 200 [ 500 | 800 [ 300 AEE TERFHAE FEI} FETAY a7 oR T
2z [200 | 50 | 800 1500 | 100 | 800 [0 [ 500 ajajzohel ehak A%olHE Sapsinh
26 | 100 | 200 300 100 50 300 500 200 ZAYE 47 aEFo =2 AASACH
27 1300 | 300 500 | 200 | 100 | 500 800 300 o AAE 2009, 3009, 500%), 800, 1,000
28 | 300 | 500 800 300 | 200 800 1,000 | 500 - )
29 [ 200 | 800 | 1,000 | 500 | 50 | 1,000 | 1,200 | 800 « HAAZ : 50m, 100m, 200m, 300m
30 | 300 | 1,000 | 1,200 | 800 | 50 | 200 | 300 | 100 2) AAZ 50mol wE B
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Table 14. Response distribution regarding wilingness to pay for access
distance of 50m

fee yes no total
(won) number | % |number | % |number| %
200 77 85.6 13 14.4 90 100.0
300 32 485 A 515 66 100.0
500 0 0.0 22 100.0 22 100.0
800 2 3.8 50 96.2 52 100.0
1,000 12 105 102 89.5 114 100.0
A 123 35.8 221 64.2 344 100.0
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Table 15. Response distribution regarding willingness to pay for access
distance of 100m

fee yes no total
(won) number | % |number | % |number| %
200 82 66.1 42 339 124 100.0
300 54 375 90 62.5 144 100.0
500 14 219 50 78.1 64 100.0
800 6 83 66 91.7 2 100.0
1,000 2 41 47 95.9 49 100.0
A 158 34.9 295 65.1 453 100.0
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Table 16. Response distribution regarding willingness to pay for access
distance of 200m

pay yes no total
(won) number | % | number % number %
200 46 62.2 28 378 74 100.0
300 12 60.0 8 40.0 20 100.0
500 16 16.3 82 83.7 R 100.0
800 14 10.3 122 89.7 136 100.0
1,000 4 4.8 80 B2 &4 100.0
ZA| 92 22.3 320 717 412 100.0
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Table 17. Response distribution regarding willingness to pay for access
distance of 300m

fee yes no total
(won) number | % | number % number %
200 22 22.4 76 71.6 98 100.0
300 22 239 70 76.1 92 100.0
500 14 14.6 82 85.4 9% 100.0
800 0 0.0 24 100.0 24 100.0
1,000 4 45 8 B.5 89 100.0
ZA 62 155 337 84.5 399 100.0
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Table 19. Dependent variable and independent variables used in CVM

specification
input type
dependent responds(Res) yves 1, no 0
biding cost(Bid) won
travel time(Time) min
travel cost(Cost) won
independent access dlstar.we to parking lot m
Variable (Distance)
gender(Gen) male 1, female 0
age(Age) years
education(Edu) mlddle. 1, high 2,
univ.~ 3
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Table 18. CVM estimation result using single-bounded dichotomous choice model

Variable _ include Covariance _ _ not include Covariance _
Coefficient SD-Error t—statistic Coefficient SD-Error t—statistic
Constant 2.475284 0.500349 4,947+ 0.932858 0.123010 758455
Bid -0.00439%6 0.000288 —15.279% -0.004238 0.000284 ~14.91 2%
Time 0.010004 0.002678 3.735%%%
Cost 0.000210 0.000072 2.897+x
Distance -0.005379 0.000712 —7.504xx
Age -0.017447 0.006339 —2.152%%
Edu -0.274153 0.116122 -2.361*
Number of observation = 1608 Number of observation = 1608
test-statistic L(B ) = =717.7703 1(0) = -938.7146 L(@ ) = —767.9483 1.(0) = -928.7146
= 441.8886 (df=6, P=0.0000) = 341.5325 (df=1, P=0.0000)
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Table 20. CVM estimation result using double-bounded dichotomous choice model

Variable include Covariance not include Covariance
Coefficient SD-Error t-statistic Coefficient SD-Error t-statistic
Constant 1.807511 0.349022 5179 1.14339%0 0.093444 12236
Bid -0.004240 0.000215 —19.739sxx -0.004063 0.000209 —19.431 s
Time 0.011541 0.001842 6.265x
Cost 0.000146 0.000047 3.128%x
Distance -0.001055 0.000521 -2.025%
Age -0.017555 0.004492 =3 908k
Edu -0.191907 0.081251 -2.362x
Number of observation = 2678 Number of observation = 2676
test-statistic L(3) = -1400.161 L(0) = ~1713520 L(B3) = -1447.390 L(0) = -1713520
X* = 6087194 (df=6, P=0.0000) x? = 5322608 (df=1, P=0.0000)
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Table 21. Parking fee assessment by parking lot access distance
(single-bounded dichotomous choice model)

include Covariance(won/10min)

. . not include
access distance to parking lot .
Total Covariance

(avg : 165m)

50m | 100m | 200m | 300m

fee 216 356 295 173 51 220
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Table 22. Parking fee assessment by parking lot access distance
(double-bounded dichotomous choice model)

include Covariance(won/10min) not
Total access distance to parking lot érfiziz
(avg : 165m)| 50m 100m | 200m | 300m e
fee 285 310 297 272 248 281

)

e
o ¥
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stk
o] uhe A gelael 2423 4
852 50m 3569, 100m 295¢, 200m 173

Table 23. Feasibility analysis for the case of turning the 7th parking lot into a paid parking lot (for every 100m)
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include biding cost(A) | parking time(B) | parking fee(C) | parking lots(D) t;rrgcr)lvegoﬁeé) de;l(lzerDe;eg;le
Covariance (won/10min) (min/car) (won/car/n) (n) b ©
(car/lot) (thou. won)
single— no 29 305 8,998 403 3.89 14,105
bounded yes 220 305 6,710 403 3.89 10,519
double— no 297 305 9,059 403 3.89 14,201
bounded yes 281 305 8571 403 3.89 13,463

Table 24. Viability analysis for the case of introducing parking fees of public parking lot (comparison to the parking fees invested for the 7th

parking lot)

include based on model based on daily parking fee(won)| daily revenue(thou. won)

Covariance |parking fee per unit(won)|daily revenue(thou. won) car other than cars car other than cars
single—- no 8,998 14,105 5,000 8,000 7,838 12,541
bounded yes 6,710 10,519 5,000 6,170 7,838 10,519
double— no 9,059 14,201 5,000 8,000 7,838 12,541
bounded yes 8571 13,463 5,000 8,000 7,838 12,541

9) HElTt 9], TAAFTAETEA dFas o8& Wt A7, , LH EXFHATY, 2017, pp.54-61.
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Suggestions for Quality Management through Analysis of
Construction Process of Multi—layer Modular Housing
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Jeong Rak Sohn - Dong Gun Lee - Jong Dae Bang - Jin Won Kim
(Received September 2, 2019 / Revised September 27, 2019 / Accepted October 17, 2019)

ABSTRACT

The modular construction means that more than 70% of the parts such as walls, windows, electrical wiring, facility
piping, bathrooms, and Kkitchen appliances are pre—assembled at the factory and transported to the site. It is possible
to shorten the construction period than general construction work and to secure high quality through modular mass
production since the modular construction works in the field at the same time as the modular production. However,
there are only four domestic modular manufacturers, and each company’s modular components and construction
methods are different, so it is necessary to standardize them. Therefore, this study investigated the construction
process centering on the stacking method of modular housing construction work applied to D site in Cheonan-si, and
proposed the key points of quality management by construction stage. As the project was conducted as a pilot project
for government R&D projects, some differences may occur from general modular housing construction. However, the
construction process and quality control focus of each unit box type modular house analyzed in this study can be
used as basic data in the future of modular housing construction. In addition, the results of this study can be used
to establish construction standards, such as the development of checklists and establishment of standard processes.

=

Key words: Modular Housing(2=2{3&4), Multi-layer Modular(&&4! 2&2{), Quality management(Z2 &2), Housing
Construction(FE§ A S AD
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Table 1. Type of the modular system
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Non-Modular

© o i et s R | : :
Azl vlal EAsh HolA @ Ao, wEY ¥ 6F Modular Y Moduler [RS8
HE A8 T57 dATA AP EE 1l 2R Aol o i :
th webA of A7k e e F4 3 widste] 19w core I . i
A= oha v Ee AHolgl & = Q) o]d s F(2012)2 4F (EEsee
wEY A58 AAEL PFe el AF8e) THAL . i |
2L AGAE dAl A B stE EAH S EEdte] 73 I : :
A WA nHsjord 2 AEAS ANGA g1 A | SN . Arao
T2 AZE(016) = TAANAES] By AfEdS gi 1F ponotis Ccommiotis
7] Yol 7] =8F 4719 A|AE A HAEtE RS = ]
Aoz BEY AXEAS A fd A5 Fasith
3 AGE 520152 ol AgALE7F 7 we f4l Fig. 1. Construction scope by construction method
WAy REe TS o ® Qe 2AME T3l AAlE
2 skaF wkobs A AlEkST BEE T 43 ddEy Table 2. Construction overview of modular housing
AgPAT+ i o] 459 S FoE HAS classification content
Ak, B AZGA BAALele] JIHFE Fd 29E = types of houses Rental housing
sttt A BEY e FawE] B AgdTE Jocation 881 Dujeong-dong, Seobuk-gu,
& 25 A2 GANA BT F g b Cheonan i, Chungnam
FelFEe] SAANE BUHYES S A LmAss construction area 402.16m’
AP, T8 A 24E 8 wEdE SENEE = building coverage ratio 41.41%
Zstaat ghok total building floor area 1514.55m'’
ratio of floor area to site 155.95%
3 A 2 RER ZA} =xIsE b mimrber of honsehids | 20 Uit of infillb& 20 units of unit
0X
34 % e method of cons@cﬁon RC & Modular method
= number of stories 6F
Al DEFE] BEFE A TARE HEEH 9 B parking lot 17
Eo] AR AR v EEY FARE "Ha, 7], A8t
D15 3L AGT Zo], B Zx2FA) QFFAE 30 RSB ZAEZAl &3
TS Xgtelal 9o, HEe FAE Q1EA ) A3 3 Aok DARS) TAZA ERA A Fig 29 2o &
of Eaetel MEAMU. = ATFANE Fig. 1 291 2 suope ppg 4 gow, MusdEs) 9 223t
e mEelE T U (T FEE SR T ggga, 29, A%, 99 BAE S0 S
AP Ve LA AT AR SIS ARATE D g ) wngeRe mol R FohEAD B4k w42 BAE
HEEAZ| o 2 e} & Afolo fIX]skal Q1o 50m Az A ARS =gk
of 25t B o] Bl o] SHHS aryste] T4
& TPt Lk AFYFA HSel= 8mE 27 918t
3 Qovy, FAAe] By A Flge] 2ale] AL ﬁ
MsH AT gl mEe @3Ye A% A9 ) —
A Bl RE] JANES) Al 37IAA e e R FRetE gk { Smge] » { Stage] » { Smge] » { Stagel » { Smge]
ool = ajd A g2 &l 5ol YAk glof L 2 2 1 S
Skl shalA]ghe)] thare] Apefo] Ao FrrE gkl  frame work modular  modular (L
o, @ellA] WS &g} vAkA] Gom Qe A B conpen o i S R
o] HASIA Y Al DR REETE AAFA
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production specification and drawings received
v
accept production reguest
v
selection of directors and production plan
v
establish a modular production plan
v
partner selection and ordering
v
material import and approval
v
modular production and process management
v
inspection
v
modular shipment (transportation)
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production
preparation

modular
factory
production

Fig. 3. Modular production process
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5 day : Truss

4 day : 4 module 17 || 18 ||| 19

3 day : 6'module 13 || 14 || 13

2 day : 6 module ] 11

20

16

12

1 day : 4 module 1 2 3

Fig. 4. Lifting plan of unit box type modular
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Fig. 8. Other finishes of unit box type modular
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Fig. 9. Construction process of base plate Fig. 10. Assembly process of unit box type modular
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h) modular plate seating(repeat)

j) import and lift of truss
materials

) roof panel and waterproof

k) roof truss assembly and fixing sheet

Fig. 11. Assembly process of unit box type modular
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a) insulation and papering of the  b) lightweight ceiling work on the
balcony

entrance

d) outdoor unit installation of air
conditioner

¢) plumbing installation in the
balcony

Fig. 12. Internal finish of unit box type modular
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b) electrical / communication

a) finishing wall panels and ceiling finishing

d) color steel work on the
modular joints

c) floor finishing

Fig. 13. Common part finish of unit box type modular
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A FAFGAE Fo AAANEG 58 THH R HES GAZ FREe] 11709 FA e FHAES &5}
Table 33} o] =3} Th 5 2 FF AYSY oA E U, AY, N7 AR
BEe IR Aew FEALTA FEHoRE A 58 THH R AESY 2EY L5A8S o &
43 7 UEE BEY AL gl EUAE 2 AER a1, R Ulg Felleel AR 2 -5 a2t ek
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Table 3. Quality control focus of modular construction

classification quality control focus
review and sho - review the hole size and location of the modular joints
drawin D - review the construction details and methods of modular joints
€ - review the interference of mechanical, electrical, communication wiring and piping
factory facto oduction - establish modular production schedule in consideration of construction promotion schedule on site
production lannrisr]l D - factory production range setting considering modular transport and construction in the field assembly
b g stage
modular factory - review of quality condition of welded structure such as column and beam
production - check the quality and coating thickness of fireproof coating materials
- develop a modular transportation plan by comprehensively reviewing weather, distance, time and
route
transportation and - review the obstacles to the transportation route of the modular and review the modular rehabilitation
lifting planning method considering the rainfall
- selecting the proper position of the crane considering the weight of the modular, lifting height, turning
radius, etc.
base plate - position anchor bolts and plates before modular on-site
assembly installation - check the smoothness of base plate and the strength of non-shrink mortar
- after modular temporary assembly, check the level between modules
ground floor . . .
modular assembl - checking bolt tightening strength when modular assembly
y - check the measures in case of rain during the modular assembly stage
- check the position and bolting status of the roof structure
roof layer modular . . ; ..
assembly - review of durability and required performance of roof panels and waterproof finishes
- construction method and quality status of roof waterproofing construction
- process planning to avoid interference with other finishing work performed on site
L Interior finish - examine whether or not structural deformation or finish material drop out during modular
ﬁmshi?g transportation and assembly
worl
common part finish | check the fixation of the frame and panel for modular exterior finishing
b - check for condensation and leakage of modular joints
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ABSTRACT

In Korea, the modular construction method was applied to the construction of facilities such as military barracks

and school dormitories, beginning with the pilot project of Seoul New Elementary School in 2003. In 2017, public

modular houses were supplied to Busan(Yongho-dong) and Seoul(Gayang-dong), and modular housing is

expected to continue to be supplied in the future. However, there is no clear construction standard for the modular

housing construction yet, and there are few cases where the infill modular system is applied. Therefore, this study
established the work breakdown structure and proposed a standard process focusing on the infill modular system
applied to the construction of Dujeong—dong modular house in Cheonan. Level 1 of the work breakdown structure
by construction stage of Infill modular was defined as modular manufacturing, assembly, and finishing process.
Level 2 was defined as preparation, modular production, modular infill, modular fixing, floor plastering, building
finishing, and other site finishing. Level 3 is defined as 57 detailed unit work of infill modular construction. The
standard process of infill modular is proposed for the assembly stage that is commonly applicable to infill modular
housing construction. The results of this study can be used for the process plan, transportation plan, lifting plan

of modular housing construction.

Key words: Modular Housing(Z2=2{F&4), Infill System(¢!
Standard Process(& ZZAM|A), Housing Construction(F

=), Work Breakdown Structure(ZHd &= & Al),
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Table 2. Example of work breakdown structure

classification Level 1 Level 2 Level 3
reinforced rebar work
concrete form work
type of construction | construction concrete work
construction work . brick work
finishing
plasterer work
work
waterproof work
exterior curtain wall work
finishing glass work
scope of construction work painting work
construction work internal brick work
finishing plasterer work
work waterproof work

3. olEal BHo| At RH A

2
184 Pl o AQRFAAE 2E
dejzat AsE wEo R TEag,
ol Ulgh e A AAEH, REY AS, BE
w7l % 780l AA 7} BAE AR A gt mE
A TS 2A T BEY @9 29 % 0 B4
o th AejzAbs APNINE 9B % 1Y $RAA
oF 07 Q) Wgol YFFIUA FAH 291 A )4
9 AT LRALE 2ASISIE. o 2uE nigow REe

7}

G

M b ol

o o

o
RN

Toofy 2 >

LHI Joumnal



AgEgel B AAst wEY @ £ % vhg 99
Aol she] QB RS AAehelw, U L

AAEFAAE & A Z EF5E, Level 18 =

h & , Amzh), Level 2 &

o 2 (A ZE/ Az Q1E/1 A, el g/ d
= ZF A AR w92kl o
2 _

Ry

Table 4. Work breakdown structure at the assembly stage
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n cage lifting and fixing
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Level 1 Level 2 Level 3 assembly vertical / horizontal level check
drawing review and material supply modular horizontal junction
. shop drawing angle installation for fixing fire
preparation subsidiary materials ordering ngglrjllar protection panel
UT floor frame production and import & fire protection panel installation
wall and ceiling panel production modular bottom fixation
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Table 5. Work breakdown structure at the finishing stage

Level 1 Level 2 Level 3
floor cushioning installation
boiler piping installation
bubble concrete pouring

floor door frame and door installation
plastering | porch floor separator installation
floor heating piping installation
water meter installation
mortar pouring
kitchen wall tile work
porch floor tile work
molding installation

flf;lldhllng baseboard installation
"8 Mitchen furniture installation
finishi shoe closet installation
ne linoleum work
balcony sheet waterproof
balcony bottom tile work
balcony wall frame installation
balcony wall panel installation
Corridor wall panel installation
other site Comdgr/Balcqny fire protection
I panel installation
finishing — -
balcony partition installation
balcony window installation
boiler installation
balcony accessory installation
finishing work
cleaning .
glass wool installation wall/ceiling panel production
4, olEA DEE SEMA I HEAS Fig. 4. Infill modular panel production process
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installation panel installation

ERAA 75 9 E2 T2A R AT

balcony wall frame installation

balcony partition installation boiler installation balcony accessory installation cleaning
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