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Abstract

The purpose of this research is to analyze characteristics and related factors of TAQ (Indoor Air Quality) in newly
built wooden houses by measuring pre and post occupancy. The subjects were five wooden houses which were built
with similar materials and completed from July to December 2013. Measuring factors were TVOC, HCHO, PM10, CO,,
CO, indoor temperature, and relative humidity. As the result of pre occupancy measuring, the houses that revealed the
lowest TVOC concentration or HCHO concentration were satisfied with “the standard for newly built apartment houses”.
Therefore, IAQ by the wooden structures is considered to be in good condition. However, in cases of partial value
exceeded the standard, the reason is analyzed to be the materials of molding, wrapping doors, built-in closet, or kitchen
furniture, etc. rather than structure materials. Most PM10 concentration level showed slightly below “the standard for
occupied multi-use facilities”. Remaining of construction dust was considered to be the reason. As the result of post
occupancy measuring, every value except of one subject’s TVOC concentration was lower than pre occupancy, explaining

the importance of natural ventilation.
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Table 1. The standards and Guideline in Regulation

Items Standard Guideline
Subject o 3 3 3
application PM10 (ng/m’) HCHO (ug/m’) VOC (pg/m?)
Occupied multi-use 100
facilities like nursery 100 (0.08 ppm) 400

Guideline
HCHO 210 pg/m® (0.17 ppm)
benzene 30 ug/m’,

toluene 1,000 pg/m?,

ethyl benzene 360 ug/m’,
xylene 700 ug/m’,
styrene 300 pg/m’

Newly built apartment
house

(TVOC =2390 pg/m’)
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Table 2. Architectural Characteristics of Subject Houses

Unit

House A House B House C House D House E
Factors
Location Yongin-si, Gyeonggi-do Yongin-si, Gyeonggi-do Seongnam-si
Completed date 2013. 07 2013. 11 2013. 12 2013.12
Type Detached Detached Detached Traditional Korean style Detached
Structure Lightweight wood-frame Lightweight wood-frame Post and beam timber Traditional Korean timber Lightweight wood-frame
. Room: Traditional
Heating . . . . . .
cquipment Electric boiler Gas boiler Electric boiler Korean frunace Gas boiler
quip Hall: Electric boiler
Constructing
Photo
Measuring
-Fixed finishing material -Fixed finishing material -Fixed finishing material -Fixed finishing material -Fixed finishing material
-Plaster board T9.5 2PY -Plaster board T9.5 2PY -Plaster board T9.5 2PY  -Plaster board T9.5 2PY -Plaster board T9.5 2PY
-Variable moisture proof -Variable moisture proof -Variable moisture proof -Variable moisture proof -Variable moisture proof
paper paper paper paper paper
-Structure timber38x140 -Structure timber38%140 -Structure timber -Structure timber -Structure timber38x140
-Soft urethane foam -Soft urethane foam (column 180x180 + (column 180x180+ -Soft urethane foam
T140 T140 stud 38x140) stud 38x90) T140
-Structure plywood -Structure plywood -Soft urethane foam -Soft urethane foam T90 -Structure plywood
Materials (0.SB) TIl.1 (0.S.B) T1l.1 T140 -Structure plywood (0.S.B) T11.1
-Anti-moisture -Anti-moisture -Structure plywood T11.1 -Anti-moisture
transmissing paper transmissing paper (0.S.B) T11.1 -Anti-moisture transmissing paper
-Preserved timber 18x38 -Preserved timber 1838 -Anti-moisture transmissing paper ‘Dressed brick
‘Redpine heat-treated -‘Redpine heat-treated transmissing paper -Aqua lock board T12

wooden siding 15x120
-Stain twice

wooden siding 15120
-Stain twice

-Preserved timber 18x38
‘Redpine heat-treated
wooden siding 15x120
-Stain twice

Stucco finishing

Interior Materials

‘Common area:
Environment-friendly
paint

‘Rooms: Silk wallpaper
(partially cork
wallpaper)

-Built-in closets:

E, plywood+Environ-
ment-friendly painting
-Kitchen furniture:
Glassy finishing

-Paper wallpaper
‘Built-in closets:

E, plywood+Environ-
ment-friendly painting
‘Kitchen furniture:
Wrapping door

-Structure exposure +
Environment-friendly
paint

-Built-in closets &
Kitchen furniture:

E, plywood+Environ-
ment-friendly painting
-Livingroom cupboard:
SE,

‘Room: Traditional

Korean wallpaper

-Hall: Structure

exposure

-Upper floor hall:

Structure exposure

‘Built-in closets &

Kitchen furniture:
E, plywood+Environ-
ment-friendly paint

‘Common area & master
bedroom: Eco-friendly
paint,

‘Workroom: Traditional
Korean wallpaper
‘Kitchen furniture:

E, plywood+Environ-
ment-friendly paint
‘Built-in closets:

E,+ Wrapping door

Pre-occupancy

-Kitchen furniture
‘Bookshelf: Solid wood
(teak)

-Kitchen furniture
-Shoe closet

-Kitchen furniture
-Shoe closet
-Livingroom cupboard,

-Kitchen furniture

-Kitchen furniture
-Shoe rack

Furnitures -Built-in closet in home-bar
entrance and 2F rooms
-The wall between On the measuring day ~ On the measuring day ~ -Heating started on the  -Furniture installed 5
livingroom and master  -Construction of wall -Cleaning and outdoor ~ measuring day. days before; Heating
bedroom wasn't between house A and B work were held on the -Heating system is started 7 days before
installed on measuring  (2F) was held in the day before. traditional Korean the measuring day.

Note . .

day. (Installed at early morning. -Heating started on. furnace for room only.

morning of measuring
day of house B)

-Stone construction of
outdoor stairway was
held.
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Table 3. The Results of Pre Occupancy Measuring — -
Minimum | Maximum
Unit
House A House B House C House D House E
Factors
Measuring 7/24/2013 7/25/2013 11/15/2013 12/07/2013 11/30/2013
Measuring space Family space (2F) Livingroom (1F) Livingroom (1F) Room Livingroom (1F)
TVOC 154 1460 1457 10700 7794
(ng/m’) 152 | 156 1387 | 1505 639 | 2049 5948 | 15360 5068 | 10281
HCHO 0.25 0.13 0.12 0.62 0.30
(ppm) 024 | 026 o1 [ o5 005 | o5 048 | 078 026 | 038
PM10 375 54.3 85.9 34.6 82.6
(ng/m’) 200 | 510 390 | 670 730 | 980 260 | 480 670 | 1030
TVOC -Shoe rack, molding,  -Shoe rack, home-bar ‘Firewood burning, -Shoe rack,
rapping door ‘Kitchen furniture ‘Kitchen furniture
-Built-in-closet in -Livingroom -Firewood burning -Workroom furniture,
HCHO  bedrooms & children cupboard(but SE) Built-in-closet(2F)
Influential rooms
factor -Construction of B -Construction of wall ~ On the measuring day ‘Insufficient cleaning
House on the between house A and  -Cleaning and outdoor (Construction dust
measuring day B (2F) was held in the  work were held on the remained)
PM10 .
early morning on day before.
measuring day. ‘D house under
construction
TVOC -Shoe rack & kitchen  Kitchen is apart from  -Kitchen is apart from
furniture in 1F livingroom by hallway livingroom by hallway
-There are no installed -High ceiling height
Reduction furniture in the -Large house volume
HCHO .
factor measuring space -1 month passed after
finishing
PMI10 -The filtration function

of hypocaust

Note. The case of excess the standard for pre occupancy of newly built apartment (TVOC 2390 pg/m®, HCHO 0.17 ppm, PM10 100 pg/m?)
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(2) HCHO %%

AFEL 0.24~0.26(F 0.25) ppm, BFE-S 0.11~0.15
(#@ 0.13) ppm, CFEL 0.05~0.15(F 0.12) ppm, D
FeS 0.48~0.78(F+ 0.62) ppm, EFES 0.26~0.38(3
+ 0.30) ppmoZ HEFUTH A, D, EFEle] 49 Moh
Sol&AId o AW dAEH, o AE5FETY V]
F21(0.17 ppm)S ZF3heE FEolH, 1 T A9 EFH
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Built-in-closetE°] 932 & Ao =2 Rt} EFd2

AFE & 29.0~51.0(H ¢ 37.5) pg/m’, BFE S 39.0~
67.0(8 54.3) pg/m’, CFEL 73.0~98.08+ 85.9) pg/
m® DFE-2 26.0~48.0(F & 34.6) ugm’, EX€-& 67.0~
103.0(F  82.6) pgm’AUth. REFHo] o] A4
T A7, o ARES] Tl 8 e
2](100 pg/m?) ©lstoly}, YRFE2 7|EX| o 7H7-e- H]
NA = FEEMN, o4 100 pg/mlA 197 Z2E
H T 73R E gl $7tEE X tH(Yoon &
Choi, 2014, p. 100). A3 <A7(Cho & Choi, 2013)°l| A
AFFR olFE 207 ARb7PgelA ALE PMI0 T
T 8~64(F 25) pgm’Fong ZgFE ] nAuAE
T gyl wjEl dds] H2 How ddkErh
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Table 4. The Characteristics of Post Occupancy Measuring

Unit House A House B House C House D House E
Factors
The moving date 2013.8.5 2013.8.5 2013.12.8 2013.12.8 2013.12. 6
The measured date 2013.9.6 2013.9.7 2014.1.9 2014.1.8 2014.1. 10
The number of occupants 24 2.1 2.6 Entering only for 33

checking

Figured of the measurement space

-Family room: -Using used furniture -Livingroom: chair, -Furniture made of  -Kitchen: table,
wooden bookshelf, leather sofa, table,  traditional Korean plastic chair
steel table wall shelf, pedestal, paper -Working room:
‘Bedrooms: beds -2F: sofa, bed wooden table,
New furniture purchased -Children room: (most of wooden) working furniture
shelf, desk, glass
board
-Livingroom:
wooden sofa, dining
chair
Operation Not Not Always operating Always operating Always operating
Heatin, i
¢ Desired - - 23°C 15-16°C 20-21°C
temperature
Indoor
environment Number Always Always 1~2 (1 day) - 1 (1 day)
control o Time 24 Hours During daytime 1 Hours - 30 Minute
Ventilation Window -Small windows all  -Livingroom and ‘Entrance, windows -Windows all opened
openin opened hallway windows at 2F, main window -
pening all opened on IF all opened
FEG AFRAn 45T FEE ASF OEISAM /1] BROM, AFA B AV B4 29,
71EA] olat® Gmek AElolAR, dFF AFAE AL JFF UNYhZ e A pEs] 8713 o] d3ds
How WS, AL AFHoR W7t Hw 9l F Aoz waln
ATl B8l YA viel F=rt A AL o T A5 AWE1E FEvt AR Ve Rk
FF TVOCE WaEshs dflo] =98 Zlem & 4 o 47k =7 Uehd 2l tia ed)leo] A=A anrtsrt
o, JFAl 7] A HolE, bt Hdl, A FES T AUT Aew AdEHo, YFF FHdd=
ol g, A, 13 &0k B AFE =90 9 Bel ALANIPNL A5 PSP s
* Jow ddEn. BFY e A 4Fd w=ol v vh ZEd hgelle AEd7dde] A A oot
YFF 27 1301 pgm® FAFGATE GFA TVOCH  AleEst UF wolo] A7 28NS bt 9%
2 7Psdel YE AVPRE QETR =YEAT, A FE AT 4TS 83 Aule] 240l 9o, D
¥ A%H @), SALe] NS0 WA/ MES  FEL ofx) AFAT} ASEA %3 Qo] AgHeluz
Z wdEn cFge A, 9FF FEUF 7100 gEHe® s ¥ SAEIT 345, TVOC
pg/mAEEE 2|0 e vls| 389 pg/m® 7HAE 2o 9F HCHOZF & FEZ Yehy, o9 Hglvjels $s)
2 Jehgth QFA Aol bl AZE =Yeila, o= oR 4087 REFS o] TVOCS HCHO, CO
290 1024 m0] /1504 BRtedlE sk Ah Bwk 0o © RS HE F ol 3L BI 548
AL, TYD 7T R 9BoR QPR WE o WA SHAE BN Assldth 4R SEE
ol 4G Aoz FZu}, olurhe AFAY AATE A WS B Ao, AFART 2107 pgm’ &
Ad7E Flshs sl AZE dFollel®e AFA ith AT SALRNEH AFF SHL7A, AT
7F W4 ol AR S 3 Jlo] wvt AAd FelM FES BUAFet, AEAAE shiA Covks
A0z Y7dch EFe] A9E 9FF Bl A FE HAES 53 Stk 9FF 29U 4HAL)
T TFol A 71EA19 e 2Feks skolv AE gIlEt®E TVOCER=7E =3%=t, REFS 43S
FTEFY 71EA e Ay JFH Frol B 022 AU FE A 2L F COFE(1.2-2.1(H
3l 6354 pg/m’ AA| FAsATh o] FE2 S8l & #1.7) ppm)E XTI BE FH QAT A AEe A
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Table 5. The Results of Post Occupancy Measuring — £ -
Minimum | Maximum
Unit
House A House B House C House D House E
Factors
The measured date 2013/09/06 (Summer)  2013/09/07 (Summer)  2014/01/09 (Winter) 2014/01/08 (Winter) 2014/01/10 (Winter)

-Living room and

-40 min. ventilation for

-Small ventilation -all windows opened

Reduction Measuring rsmall windows at hallway windows (1F)  windows opened (10 cause understanding ; (once) all windows on
. day 2F always opened always opened minutes each, twice) these value were 2F opened (50 min.)
facm.r’, Vs op ? excepted for analysis P ’
Ventilation Post
0S| . .
occupancy Very large Very large Medium - Medium
R 339 159 618 8593 1440
TVOC (pg/m°)
205 | 640 T 0o | 97 6150 | 10007 416 | 2587
0.02 0.02 0.00 0.46 0.05
HCHO (ppm)
001 [ 006 000 | 0.04 000 [ 0.0 043 | 053 000 | 037
R 9.2 14.2 6.2 229 13.1
PM10 (ng/m°)
o | 150 90 | 240 30 | 120 150 | 310 60 | 200
457 423 695 836 741
CO, (ppm)
374 | 676 382 | 523 st6 | 856 585 | 1120 519 | 852
Concentration  TVOC 185 -1301 -389 -2107 6354
difference HCHO -0.23 -0.11 -0.12 -0.18 -0.25
(Post-Pre) PM10 283 -40.1 -79.7 -11.7 -69.5
Note. The case of excess the standard for occupied multi-use facilities (TVOC 400 pg/m®, HCHO 0.08 ppm, PM10 100 pg/m?)
o0& Boh, FRALIIAE AT EF olF AT FAIF ABH A% Hol, & AFF ¥ ZHYe] #
1% glrka werETh % Aololth. YFF FErt B FHL JFA 24
AAALIL o]9)e] AL v AR So] F7]  GIME FEst Ee HololA] BAF WIFIAE ol
S35 w4l vhg Aol WA Felmd oa o b 92 & Utk aEW, 9FF M We R B
FEHo] WA AL F AU, FA =L AT "2 A5 Rt HsAlY GRYlol BlE s 24
= SAE AZHE TFFolAIRE, ARl AR HERASE AA] A wEbs, FE ASAde AFAIVIE A
upE FRIEVE A AT dHET 2 ol f = Sk717F 7Fs s A5 EE sk Aol AT SHEE
HCHOE @47kl A% el M Z4sauu, A o8 932 d2Asle Bl 2 & gom, A3 ¢
7] Fo] srrt AN =& FrE Ul t<Figure 1> FACE /1€ B9t AF7I7o 2 e 71FR] olslE 7+
ol TVOC &=9] Hdlelre & Zlow Azt 23R fethe AL AAPEe] A T, 7R A

Figure 1. The HCHO concentration of the fumiture drawer higher
than the indoor concentration
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0 ppmo = Yehd CFE ALH YFoly o=F 3]
7} AR, HGa7E Auk FEof Hla 3u) 7hE o

g WAo] A3, Y& JHE =Yg Zlo] Yjlog A
ﬂr%E}. I ThRroE w2 A9 BFHE YFAIZITE A&
|22 Y455 | S99l rjaxrt 9dd A

Azt

gl 9

o] Hdjx|<} 7%°l e TR 7Hx]°l 45807} A
AEAY. A, AFF UlEe] AYgol= HCHO
7t A SAEE 998 Auuz 24 Adgd

7H) 2471715 7}%@ HCHO #7bsAdo] = 3
< Hs) Bk, 25 S4d HIXE FxeA o]E
T A2 X oA AY A el Ue Axe
EE(74ppm)’t SHEAL o] A S B AFA} 2
Zel QBZ WY 7 o]F HCHO L A F o)

5

o &, FEe 1% % FEAR ol9le)] shshEel
8 ABEE] Uolo] @ FE vk AR,
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(ET 142) pgm’, CFEL 3.0~12.0F T 6.2) pg/m’, D
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13.1) pgm’e 2 Mool 8AA 5o AulgridaeH,
o] Mg thsol8A1Ad 71EX (100 pg/m)oll sk
sEolth 2E|a A =odd APATFoM AFF
olutEe Aut7g o]l ALEH PMI0 FX27}F 8~64 ug/m’(H
T+ 25 pgmdHAonZT SAHAFEES] nAHUAFEE u$-

Yot How FohHE
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Eﬂ

go)x 7HE A zﬁﬂi’m. DF

P%O}Xl ool ot &
=7t Wt =
PMI10%5 =7} 7}%} e ca} AFHglo
2ty FeEn

4) YF%F co2 e
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o 423) ppm, CFE 2 516~856(H o 695) ppm, DFH
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ppmeE, FFe (5ol 814 5o Aua7Idazy
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