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ABSTRACT: During the last decade, an increasing interest in  Underfloor
Air-Conditioning(UFAC) systems has emerged. The purpose of this paper is to evaluate
comprehensively the indoor environmental performance of office buildings with UFAC system
in order to develope the design prototype of this system. In this paper, the physical
measurements and the interviewing survey of occupant’s sensation responses to the
environment were carried out. Measurements and survey were made of the thermal
environmental factors such as air temperature, relative humidity, air velocity, globe
temperature, and the other several environmental factors such as the sound level and the
illuminance of working plane, etc. And, the air quality was evaluated by measuring the
concentration of suspended particles, carbon monoxide, and carbon dioxide in the room.
Furthermore, the paper appraises the various indoor environmental factors of the room by
using post-occupancy evaluation(POE) method in office building with UFAC system, and
thus, it suggests the basic data for assessing the indoor comfort based on field
measurements and survey.

Key words: Indoor environmental factors(dw #7 82), Underfloor air-conditioning system(¥}s
7] F&A249), Comfort air-conditioning(# 4 &%), Indoor air quality(AW &714)
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floor).

Fig. 2 Shape of floor terminal unit.
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Table 1 Measuring items for environmental factors including instruments

Environmental factors Measuring items

Instruments Measuring position

Heat Dry-bulb temperature
Globe temperature

Relative humidity

Assman psychrometer Center of room

Globe thermometer
Thermometer CTH-990

Air velocity Anemomaster
Air quality Suspended particles Digital aerosol monitor Representative points -
Carbon dioxide (P-5H2) 9 points
Potable CQz, CO meter
(M 8550, TSI
Lighting Levels of illumination Digital lux meter Lm-2D
(TOPCON)
Sound Noise level Sound level meter(SL-1350) Center of room
Occupants No. of occupants Counter N/A
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Table 2 Grade rating for physical measuring items of sound environment

Grade
Measuring items 1 3 4 5
Equivalent noise level dB >59= >56= >b3= >50=
Background noise level dB >50=> >47> >43> >40=2

Table 3 Grade rating for survey items of sound environment

Grade
Survey items 1 3 4 5
Noise level Noisy Slightly noisy Neutral Slightly quiet Quiet
Disturbance to work A lot Somewhat - None
Echo Existing Slightly existing Neutral Almost none None
Broadcasting audibility Unrecognizable Hard to recognize Neutral Recognizable Well recognizable
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Table 4 Grade rating for physical measuring items of lighting environment

Measuring items Grade 1 2 3 4 5
Work surface illuminance Ix <800= <750< <1000< <1500<
Uniformity factor <05=< <06< <0.7< <08<
w/o VDT G3 - G2 - Gl, GO
Lighting glare with VDT V3 - V2 - V1
with VDT G3, G2 - Gl - GO

Table 5 Grade rating for survey items of lighting environment

Survey items Grade 1 2 3 4 5
Room illuminance Not appropriate - Neutral - Appropriate
Nonuniformity in illuminance Concerned C%}'ig:rtx%d Neutral Hardly Concerned Not concerned
Work surface illuminance Not appropriate - Neutral - Appropriate
Glare Concerned Slightly Neutral Hardly Concerned Not concerned

Concerned
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Table 6 Grade rating for physical items of thermal environment

Grade
Measuring items 1 2 3 4 5
. . >29> >28= >27= >26=
Cooling period i< << <23< <A<
Room temperaturel C] | Intermediate period z%g 2 Zg{ 2 zggz Zgg z
; . >27= >26= >25= >24=
Heating period <19< <20< <l< <=
Relative humidity [%] 282 222 282 222
Air velocity [m/s] : >0.45> >0.35= >0.250= >0.15=
Cooling period >4 >3z >2= >z
(GT-Room . . >4= >3z >2= >1=
temperature) [tC] | Intermediate period <a< 3< << 1=
Heating period <4< <3< <2< <l<
Vertical temperature difference [C] >52 >4> >3> >2=
PMV >2.0= >15=2 >1.0= >05=
<-2.0< <-15< <-1.0=< <-05<

Table 7 Grade rating for survey items of thermal environment

Grade
Survey items 1 2 3 4 5
Th | " Cold/Cool - Slightly cool - Neutral
ermat sensation Hot/Warm - Slightly warm - Neutral
L . Humid - Slightly humid - Neutral
H t .
umidity sensation Dry ~ Slightly dry B Neutral
Airflow sensation Sensible - Slightly sensible - Not sensible
Radiation sensation Sensible - Slightly sensible - Not sensible
sz‘::g?llcgegég‘;ﬁ?gge Sensible - Slightly sensible - Not sensible
QOverall comfortness  Discomfortable  Slightly discomfortable Neutral Slightly comfortable Comfortable

Table 8 Grade rating for physical items of air quality environment

Measuring_items Grade ! 2 3 4 5
Carbon dioxide concentration ppm >1000= >800= >600= >400=
Carbon monoxide concentration ppm >h> >4 >3 >22>

Suspended particle concentration mg/m’ >0.15> >0.122 >0.08 > >0.05=

Table 9 Grade rating for survey items of air quality environment

Grade 1 2 3 4 5

Slightly sensible Not sensible
Slightly sensible - Not sensible
Slightly sensible Not sensible

Survey items
Air pollution Sensible

Odour Sensible

Dustness Sensible




330 AR - 33g

g 7tz 80E& HEA
®? 249 5357 &
848 BF3 A g,
7S ot A
| =0
w

T 8

A ].X—‘ }gz-‘ 7]"‘
2] & Table 109 et 1A GACE
53 H7tEEEL Table 119 YEAT

3. 53AWe B4 o A=

HE 9rte 48 - F24d9 grig A 24
g Zgsts 97ty 2dAZ ) WA, Table 2
~Table 118 WES 7T A, 8448 3
7tz AA e #rt oA FE disA FH FE
FE EANGE 9GEE FAIIY d¥E= &
72 gA2de 293 AT JANES 2FF=2
9. ug, 2482 Z17te 848 dEIE B
A FEe HAXNE HNA FAE 1Y (Radar
Chart)g 2ET, J¥L 99 FHoZREH T}
Aoz BAEE HiYES GFE FO2 34

BHES, FEF B AedAe 95, EFE A
d 73‘—?-011 HWEe2 HEE HIAE 7193
At 4 vehd ZIdAdE IFE F

dyH AZsq dAP e FEsm, o HAF
HEo] Y1 7*‘47—}?%-4 "‘35117} g8 43

¢ #7390 Aoz gddd F I¥ FAM F

ol EH—°~6P“ B3 84y HF

A 37t We s
of M sEAR HHHE FAsHe =
2 10] 7b¢ FAHF AeE vEhhz, 237 2

+% ¢5% AdE stel7ln ok Table 12~
Table 230 2% @749 EH7te HeEmst 2
3&, Fig. 3~Fig. 159 A4 3efide a4
9. 32y PJrieg Yepdch

3.1

mjo

e

Table 129} Table 132 47 ALFAH 3od
ol @A izt 2 SAHFPs A Az
A ABEZAHGACE) AFHE vERY, Fig 3
3} Fig 4& ©|E<% @¢3] $AIY a1gez BE

Table 10 Grade rating for physical items of spatial environment .

Measuring items Grade 1 2 3 4 5
Floor area per person [m*/person] U= <8< <10< <4<
Ceiling height [m] <24< <25< Q< <28<
Density of plants [@/100m*] <2< <6< <12< <20<
Carpet coverage None(<70%) - AI(270%)

Width of desk [m] <1.0< <12= <l4< <l6=<

No. of additional function of chair <2= U< <6< <8=
Density of OA equipments [@/person] <02= <04< <06< <08<
Density of telephone [@/person] <0.3< <05< <0.7< <10<
Meeting area [m*/person] <03< <05< <08< <10<
Receiving space per person [m%person] <0.2< <04< <0.6< <0.8<

Table 11 Grade rating for survey items of spatial environment

Survey items Grade ! 2 3 4 5
Room area Not appropriate - Neutral - Appropriate
Openness to desk Not appropriate - Neutral - Appropriate
Amount of plants Not appropriate - Neutral - Appropriate
Interior Bad Slightly bad Neutral Slightly good Good
Sensation of desk usage Bad Slightly bad Neutral Slightly good Good
Sensation of chair usage Bad Slightly bad Neutral Slightly good Good
Lack of OA eguipments Concerned Slightly Concerned Neutral Almost not concerned  Not concerned
Lack of meeting space Concerned Slightly Concerned Neutral Almost not concerned  Not concerned
Lack of receiving space Concerned Slightly Concerned Neutral Almost not concerned  Not concerned
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Table 12 Result of physical measurement on

sound environment

Table 15 Result of interviewing survey on
lighting environment

Measuring Measured value Grade R Grade
items Office  Conference  Office  Conference Survey items Office Conference
Equivalent 582 578 2 9 Room illuminance 454 450
noise level Nonuniformity in illuminance 403 375
%i?ggliz‘\lrxelii 456 454 3 3 Work surface illuminance 423 450
95 25 Glare 397 413
Mean value - - g . Mean value 4.19 4.92
Table 13 Result of interviewing survey on Equivalent noise level
sound environment
. Grade
Survey items Office Conference
Noise level 367 238
Disturbance to work 456 350 )
Echo 397 413 Mean value Background noise level
Broadcasting audibility 4.15 413
Mean value 4.09 354
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Table 14 Result of physical measurement on
lighting environment

Measuring Measured value Grade
items Office Conference Office Conference
Work surface o5 578 1 1
illuminance
Uniformity
factor 60.6 8l.1 3 5
Lighting glare - - 3 3
Mean value - - 23 30

| == Office —+— Conference ]

Fig. 3 Radar chart of physical measurement
on sound environment.

Broadcasting audibility

Echo Noise level

Disturbance to work

Fo— COffice —a— Conferenﬂ

Fig. 4 Radar chart of interviewing survey
on sound environment.
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Work surface illuminance

[—=— Office_—a— Conference |

Fig. 5 Radar chart of interviewing

survey on lighting environment.

Nonuniformity in
iluminance

Room illuminance

Work surface
illuminance

{—=—Office —a— ConferenceJ

Fig. 6 Radar chart of interviewing survey
on lighting environment.
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Table 16 Result of physical measurement on
thermal environment

Measuring Measured value Grade
items Office Conference Office  Conference
Room

temperature 585 21 5 5

Relative

humidity 66.4 69.2 3 3
Air velocity 0.16 139 4 1

GT-DBT -0.38 0.04 5

Vertical

temperature 1.02 2.03 5 4

difference
PMV -157 -0.64 5 5

Mean value - - 450 3.83
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Relateive humidity

Globe temperature’

Vertical temperature
difference

F— Office  —a— Conference l

Fig. 7 Radar chart of physical measurement
on thermal environment.
Overall comfortness

Humidity sensation Themmal sensation

Radiation sensation Alrflow sensation

Vertical temperature
difference sensation

l:‘_ Office —a— Conferencgl

Fig. 8 Radar chart of interviewing survey on
thermal environment.

Carbon dioxide
concentration

Suspended particlé

cencentration concentration

F-O—Ofﬂce —h ConferenceJ

Fig. 9 Radar chart of physical measurement on

air environment.
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Table 17 Result of interviewing survey on ther-
mal environment

. Grade
Survey items Office Conference

Thermal sensation 2.95 225

Humidity sensation 413 450

Airflow sensation 372 3.75

Radiation sensation 3.56 450

Vertical temperature difference 428 475
sensation

Overall comfortness 392 450

Mean value 3.79 4.04

Table 18 Result of physical measurement on

air environment

Measuring items Measured value Grade
unng Office Conference Office Conference

Carbon dioxide

cencentration 635.9 652.8 3 3
Carbon monoxide

cencentration 0 0 5 5
Suspended particle

concentration 00105 0.013 5

Mean value - - 43 43

O EE HAY 1o EHF Aol

Yo 2R & F 3R], FNERZN AP
223 24 24 2 A 37 e 25 d§
AZE Q& RAE o4 ¢ Uk LA, Ay
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E B4A7 2 gt

Table 19 Result of interviewing survey on air

environment
. Grade
Survey items Office Conference
Air pollution 382 450
Odour 433 425
Dustness 423 475
Mean value 413 450
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—e— Office  —4— Conference

Fig. 10 Radar chart of interviewing survey
on air environment.
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Table 20 Result of physical measurement on
spatial environment

Measuring items Measured value Grade
Office Conference Office Conference
Floor area per 714 231 9 1
person
Ceiling height 245 245 2 2
Density of plants 0 3 1 2
Grade of desk 155 0.59 4 1
Grade of chair 5 5 3 3
Density of OA ) 08 008 5 5
equipment
meeting space 0.29 2.31 1 5
Mean value - ~ 2.57 2.71

Table 21 Result of interviewing survey on
spatial environment
Survey items Grade
Office Conference

Room area 321 450
Openness to desk 351 4.50
Amount of plants 2.13 2.25
Sensation of desk usage 3.77 4.66
Sensation of chair usage 3.82 485
Lack of OA equipment 397 463
Lack of meeting space 3.85 433
Mean value 413 4.50

FEol, AAIUE 2 "EHaHo|AT} ofF BF
P AL gebd £ g o7l A, Algae n
gagolas 3gdel AxE AFHAN Hag
o lemz HEAN 1, IFFoI7 B o

Density of OA equipment

—o—Office  —a— Conference

Fig. 11 Radar chart of physical measurement
on spatial environment.

Lack of QA equipment

o Openness to desk

Amount of plants

Sensation of chai
usage

<

L—o— Office  —a— Conference ]

¥Sensation of desk usage

Fig. 12 Radar chart of interviewing survey
on spatial environment.
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Table 22 Result of physical measurement on
total environment

Measuring items Office Grade Conference
Sound 25 25
Lighting 23 30
Heat 45 3.83
Air 43 43
Space 257 271
Mean value 323 327

Table 23 Result of interviewing survey on
total environment

Survey items Grade
Office Conference

Sound 4.09 354

Lighting 4.19 4.22

Heat 3.76 404

Air 413 450

Space 341 417

Mean value 3.90 4.10
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Fig. 13 Radar chart of physical easurement
on total environment.

Sound

Total Lighting

Space Heat

Air

—ea— QOffice —a— Conference

Fig. 14 Radar chart of interviewing survey

on total environment,
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