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A Study on the improvement of working condition

in the downtown Underground construction
— Focused on the Ventilation and Lighting —
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ABSTRACT

According to the construction enviromental changes due to the trend of large scale and complicated
building construction, many construction methods(such as : TOPDOWN )are more often used.
However, it is pointed out that occupational pulmonary diseases, reduction of the machinary lifetime and
productivity caused to be narrow visual field and collision between the workers. Therefore, this study is
mainly dealing with the views of productivity and safety improvement in order to improve work
efficiency and to insure the safety in underground construction environment.
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Table 1 Indoor Standards & Advice Values of Poliuted
materials in Korea

polluted ) M.m of Dept of | Dept of
material vt En?moment Health | Labor
advice value
Dust pg/m®|  300/day 150
Pb | pg/m® 3/day - 50/8hr
Cu pg/m® 10/day - 1000/8hr
Heavy Hg pg/m’ 2/day - —
Metal Cd pg/m’ 2/day - —
Cr ug/m®|  1.5/day — -
As pg/m®|  0.5/day - —
NO, ppm 0.15/hr - 3/8hr
CO ppm 20/8hr 10 50/8hr
CO, ppm - 1000 -
Rn pCi/1 4 - -
Formaldehyde ppm 0.1/day - 1/8hr
Asbestos ea/cc 0.01 - 0.5/8hr
Tolune | ppm - — 100/8hs
Organic | Xylene | ppm - - 100/8hr
Solution | Acetone | ppm - - 750/8hr
Benzene | ppm - — 10/8hr
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Table 2 Factor of Work enviroment & health injury®®

enviroment al .
condition hazard factor symptoms objected work
chemical | air pollution particle mineral dust chemical mate{ pneumoconiosis industrial mining, ceramics relativd
enviroment | mateial gas nals hazardous gases intoxication industry
lack of oxygen anoxia work in tank & manholes
contact skin dyscrasia painting
physical | abnormal of temperature & heat stroke frostbite
enviroment | humidity
abnormal of pressure submarine sickness submarine work
sound wave audible area loss of audible vomit handling ultrasonic
ultrasonic area instrumeant
vibration local vibration vibrator
systemic vibration stomach pain tractor driving
electronic micfo wave cataract, increase
wave or radiation temperature
infrared rays cataract, radar
visual area retina injury, dry-painting
loss of eyesight communication,
ultraviolet rays keratitis metal manufacturing
X-rays X-ray obstacle
Y -rays rad damage
# -rays rad damage
@ -rays rad damage
work work form work change at night mantal, physical fatigue
condition irregular work
staic, simple work emotional liability,
monitoring work illness
work work ‘postur'e
. work intensity lumbago etc
condition .
work time etc

Table 3 Definition of Dust®

Definition by Engineering

Definition by the law of air pollution pre- | Definition of enviromental

vention standard

—Dust : material which is compound with
a corpuscle when solid is destroyed by
mechanical power

—Fume : solid corpuscle which is caused
by metal gas solidify in air

—Smoke : gas which is caused by ignition

—Aerosol : all kinds of particulate mate-
rial in air

—Smoke & Soot : hazardous material | —Suspended Particulate Mat-
which is caused by ignition of | ter : suspended particulate
materials, compounds, decomposition { material in air which is less
and disposal than 10 zm

—Dust : material which is caused or flown
away by breaking matter, selecting and
mechanical disposal

Table 4 Allowable concentration of hazardous materials™

AF LEEFEE wiEsta slon, duldl &4

allowable concentration(8hrs per day) e 272dE QHUEAR 91, R wris

€ 37Fde L9830 E¥E ¥ W, A

WA 2 g8 FEUse EZFAe o

€ Yoz FAlELh

material
Dust 10mg/m3
50, 2ppm
NO, 3ppm
CO 50ppm
CO, 5, 000ppm

VoCodt+M dt—ViCidt=R dci «+-----erveeeeee (1)
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Table 5 Enviromental Standards Comparsion of life & work®

. Life enviroment" work enviroment”
pollunlon standard standard
material note note
value value
10ppm Law of Archi-Standard and Bldg 10ppm Japan office health standard{law of
Health Management labor Safety & health)
20ppm Japan school health standard 10ppm Law of U.S.A Archi tecture(Dept
9ppm WHO indoor air quality standard of Labor)
8hr average Law of Public health
35ppm WHO indoor air quality standard 50ppm Japan Industrial health Association
lhr average allowable concentration
Sulfur 0. 04ppm Japan air enviroment standard 1lhr 5. Oppm Japan business health association
Dioxide average allowable concentration
0. 12ppm WHO Europe standard lhr ave 2.0ppm Dept of Labor in Korea(8hr)
CO, 1000ppm Japan law of Archi-Standard & 1000ppm Japan Official health standard rule
ASHRAE Bldgh-ealth management 5000ppm Japan Industrial health Association
920ppm WHO indoor air quality 8hr ave allowable concentration
0Oy 0. 06ppm Japan air Standard 0.10ppm Japan Industrial health Association
0.07~0.09 | WHO(1hr) allowable concentration

0.05~0.06 | WHO(8hr)
floating 0.15mg/m® | Japan Bldg health manage ment| 0.15mg/m® | Japan Official health standard

dust law,
0.75mg/m” | Archistandard law 2~10mg/m® | Jpn Industrial health Association
U.S. A EPAl(year ave)
NO, 0.21ppm WHO Europe standard, (1hr ave) Sppm Industrial health allowable concen-

0. 08ppm WHO 24hr ave tration( Japan Industrial health

Association)
0. 05ppm U. S. A standard year average 3ppm Dept of Labor in Korea(8hr)
Form-Al 0. 1ppm U.S. A air standard 2ppm Industrial health allowable concen-
dehyde tppm Japan food health law tratiofl(']apan Industrial health
Association)
75ppm Japan article law 1ppm Dept of Labor in Korea
Rn 100Bg/m* WHO newly build 1000Bq/m* | Japan Science & Tech-nology
70Bq/m® | Sweden standard Notice
Newly build 3700Bq/m® | U.S.A mine health
148(4pCi/1) [ U.S.A EPA 10pCi/! | Korea Science & Tech-nology
Asbestos 0.01({/cc) ASHAE, Japan air 2 Japan Industrial health Assoc
0.2 Japan OSHA
0.5 England standard
0.5 Dept of Labor in Korea(8hr)
Vi rAdddg fEsEe 713 (m/hr) { M—=V(Ci—Co) } dt=R dCi -+ereevereerees (2)
Vo 1AWz fidHE 3713 (m¥/hr) ol A7t Exo) wiste] wial M 4
Ci AL ds=(pg/m®) (3)& 2g 2 o}
Co I YL HF=( ug/m°) dt dCi .
M 9B EuEH(m/hr) IR ===y VI,
R ! 48F(m?)
AN FI5lE BB FEHE ¥ =IIM-VIC~Co)| | "M—V(Ci—Co)
Zorog tgx o] veid + Utk ={M——V(Ci‘—Co)}exp(—Vt/R) ............. (3)
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Table 6 Floor area of each story & the height

classification | Required Area Story Height
story (m?) (M)
Basement 6th 5,167.17) Base 6th |6.0
Basement 5th~2nd 6,313.93X4% Base 5th (4.7
=25,255.72 | Base 4~2nd |3.5
Basement 1st 6,246.73| Base 1st [5.0
Basement Total 36, 669. 92
st Floor 1,631.08 1st 6.4
2nd 1,170. 95 2nd 4.48
3rd 1,522.13 3rd 4.48
4th 1,564.00 4th 4.16
5th~30th 1,564.0X26% 5th~29th [3.84
=40, 664. 0 30th 4.48
Rooftop 1st 229.44 | Rooftop 1st [4.8
Rooftop 2nd 0 Rooftop 2nd 3.6
Ground floor Total 46,781.6
Total 83,451.22
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Fig. 1 Story Plan Diagram for Air Ventilation Type Application
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Table 7 Sources & Properties of Air Blower

Blower | Blower Use Wind Flow [ Static Presswre | Power
NO TYPE (CMM) (MMAgq) (HP)
A siroco fan | exhaust 420 3% 15
B ” 4 420 35 15
C ” 4 420 3» 15
D ” I3 420 35 15
E 4 ” 420 35 15
F ” ” 420 35 15
G ” supply 420 35 15
H ” exhaust 420 35 15

3) A1% 714137142 +DIRIVENT FAN UNIT
SYSTEM #H+&
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A3t 239 BAFEL
7} 10mg/m*Bt} F&
I AR e Ask 259 B ARl 1.5(1.16
~1.95)mg/m*% ol f& A 3, 4% FAE A
WEol Ae e AFFE F& wdHT A7
o)zt goHuE, EAnig BAlE] A&
ZX7F Qs

At 229 A WANB F719) AHgo] A
A= FolARE A8 3, 45T dHE NFHEE &
3 28t 2% AA = s ok A3} 259 7
Z39xd d7tA g3 FH AHAE So, 0.
46(0.30~0.72)ppm, No, 1.5(1.2~1.8)ppm, Co
3.85(3.0~4.7)ppm, Co, 910(790~1, 050)ppm &2
e FERT 2 SEo|A T o] o]Roix 1
AA g 2dAA &4, AFHD e T F
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Table 8 Dust & Smoke gas quantity of each story

Measureed Result of each material
Measure -
. Smoking Gas(ppm)
Point Dust
SO, | NO, Cco CO,
A 1.44 0.30 1.2 3.0 800
Base
B 1.95 0.72 1.5 4.4 1,050
ment
ond C 1.69 0.47 1.5 4.7 1,000
n
D 1.16 0.34 1.8 3.3 790
Average 1.56 0.46 | 1.5 3.8 910
A 2.56 0.20 2.5 4.0 1,000
Base
B 4.15 0.76 3.5 5.0 1,050
ment
3rd C 2.90 0. 65 2.0 3.0 850
r
D 2.14 0.56 2.0 3.0 750
Average 2.94 0.54 | 2.5 3.75 912.5
A 2.03 0.30 2.0 4.5 650
B 2.80 0.43 2.3 5.0 1,000
Base C 3.39 0.62 3.4 5.0 1,250
ment D 2.57 0.61 3.0 4.5 1,100
4th E 3.20 0.60 3.1 7.0 1,250
F 2.27 0.67 2.2 4.6 850
G 2.95 1.12 2.4 4.5 960
Average 2.74 0.62 2.63 5.59 1,008. 6

218k 353 439 EAFEE £X9 HEFE
(71EHER) 10mg/m® 20 & 59 2.94(2. 14
~4.15)9} 2.74(2.03~3.39)mg/m30| Itk ZE}
gREe BA AEo] 23, He AdFA W
Z7]0] 98 g RO ol ZFAFEXN(0.5
~5.0pm)7} 77} H] &3 ofF Bl ERoR
dzlxe) HEe] 3§71 T H&d7x] FRE
F o], B3] Fog Q3 Filolzta AlREH
o Exdcy §32de] PR o7 o7 Y A
I UE YA BUY A9 4 15mg/mPo2 ¥
o] g wAEo] FHALA/R &ik=n U
=8

28 359 mj@AztAE A3 439 WAFT]o
A DA E oA sbavE SetE o[ o9 ¢A
O z2x71 HA ge AFEE 59 F4449
Rog 7 ZAHYAY wjdArtae EFHAAAE
H So, 0.54(0.20~0.76}ppm, No, 2.5(2.0~3.
5)ppm, Co 3.75(3.0~5.0)ppm, Co, 912.5(790~
1,050)ppmo 2 3 & RO He FFo|AAT
LFEAARJA HE A3} 35 FAPzANA &
ZFEL e FEFECIDRE A3} 45025 H
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A ujgd Aoz HFd FAZARXE So, 0.62(0.
30~1.12)ppm, No, 2.63(2.0~3.4)ppm, Co 5.59
(4.5~7.0)ppm, Co, 1,008.6(650~1,250)ppm 2.2
EEe SAHAXE wjart: G Fo| LT x
ot ot YaFEv|9 Bx¢A 9 HehZd Y
(C.D.E¥)9l A% No, 7}=7} 3558 2%
AT, F47] 20l (1507H, 90mHe)7t g F L
GH A 3% Sop7} 1. 12ppme 2 EA U
Elstth. 53] dZ7)d o3l AP Aoz 7ol
Ol RHAL AT Fie AL WAV HE
HE £39 s 4§ 2X71 Hasgrt
Azt

(2) A#7] 32

213} 3, 4% AP $£3717] 2 wF17¢
7152 233 Ad= Table 9, 103 2l X3}
3, 4% AXg $F v 57 (Supply Air)7]
79 23427 EXYEV fle AW G ¥
Flanges} B3tg CWl dEf] £FEAHACI %5
g e, 53 $AHE gl HE
Flange’} #3td AWl £353Ho] mf Fugh
FER L, FAGEZ AR5 GE Flange7t 7|
AAE CH $71HES $3A=E s Ee A
B2 veh} o] Ao digt ©E Flange %%
A GE N ALE AP E 2H3o 38
3 ) £F5YL AAE F URE e 27
gg3trta gztdct

2|3} 3, 4%l X8 w]Fdnie] wi7|Aol&x
o] 24y BxgEes} vjdxd B9 wirlg
EZ A3 nE wF7])e] wi7|gEES] £AY
E9 Zol7t VR, EXH Aol YR
sow w7 gdE Ao FUE Flange?t 77
5ol vd 7t2% S T e 5 e A&
=7} 30cm 9l o19) o] AR M= A wlokdt 4
B2 uebstt

(3) @71 g 452

ZAAF7) ZA 7] G249 A3F B A e
ax, Jeld &g Ae wrztxg EAE
23}, wja7kE Table 19) s 8-s=RTH A F
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Table 9 Measured Result for Air blow by distance
depending on installation type of blower

equipment
M d Result of
blower | blower [  branch duct ) easurfz esutt 0
Air by distance(m/sec)
NO | type duct Flange
1.5m{ 3m | 20m | 60m
A | siroco none installed | — | 3.8 | 1.7 ] 10
C ” installed 2EA - |58 L3) —
D y installed 1EA 1.3]08 | — -
1 ” installed not measureed
none
(3) (impossible)
G ” none none - l 6.3 i 1.6 I -

Table 10 Measured Result for Air biow by distance
depending on installation type of blower

equipment
. . Measured Result
Ventil | Ventil .
) ‘ Branch Duct of Air by
on ator duct Flange | distance(m/sec)
No Type -
opening|30cm| 1m
B SITOCO none none 10.5 | 5.8 1.8
H ” installed ” 1.6 {1.2]0.2
E 4 installed ” 0.7 10.2]0.0
F 2 installed ” 1.8 ]0.1{00

o2 g4 A& Yelidg. 2ev, A4z g
Qo] o] FojA 1 e Botal A7) AA =7
= AL vEe olF 473 Jez AYsEY A
315 Ao e Aoz el 87 B4 AfRE
7 2 789k o2 olfrE MFHE BT
A &7 =¢0] 715, 7Y T TLE o]E
A MEH Foldtx, PR Yl uhe} B ==
wj7] v g Ezlo] Frinc A gog AHA
ol A iz g AAEr|dle anrl A4 Ag
B} z7] gZolzt #aEh olgjd #AolA
AL A Fx UM e AFA HrE A
3% Ul EolE 4~5M & 71&Fo g 3o 7%
F& dAGR o AA A AlFA Har] Fol 7t
6~7M Axo] olzy AFFI|HEIt Z1E e
oW 7] e F98e ZUPt olFoiA A E
3t 7] w&olet Azdh

3ZE719AS Badte A8, $37] 2 o
F715 o]l &3 Al 1F JAEAL WA 4
FE 71ERlUY A9 AA Fxo o
A 3tE9] ZAPHA A B Mol HAHou, HA
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Tabie 11 Allowable Criterion of llluminance

o Illuminance Standard
Work Classification
(Lux)
Excessive Precision Work Over 750
Precision Work Over 300
Normal Work Over 150
Other Work Over 75

T ZEEXE A7 dsiMe 299 14
& AN Aol oy O8RS, WL A}
£o] Wolzjol slmg AMuju|g FZu|7} Wolx)
o AAFoZE Z YEE A AEEE Fo) F
o agEg o] Avld 94 E WEAIE 59
AE3 2718 F AA oo g}, F, AGAEY
d JHdHe B9 %ol A5 RERIE &Y
g AT A BAE AFalojol s,
AL Aol 2EE o)A g E Yo »
T BFgo 2R JAEEE =Hojo} Fir),
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Fig. 2 Tempory Lighting Layout Diagram and Measure Point

g 229 Zt ZAYAE =x9 HEFEL
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Table 12 Measured Result of llluminance in Basement

5th, 6th{Lux)
Measure Point Result Measure Point Result
1 50
1 60
2 80 ~
2 50
3 70
. 3 70
4 50
4 60
5 40 i
Basement Basement 5 50
6 50
5th 6th 6 50
. 7 80
7 60
8 50
8 70
9 100
9 70
10 70
10 40
11 40
Ave 62 Ave 57

Table 13 Measured Result of liluminance in Basement
2nd, 3rd, 4th(Lux)

Measure Result Measure Result
Point [luminance Point [Hluminance
1 70.0 1 80.0
2 90.0
3 90.0 2 90.0
Base 4 70.0
ment 5 130.0 3 80.0
2nd 6 120.0
7 50.0 4 90.0
8 90.0
9 100.0 Base 5 100.0
Ave 85.5 ment
1 60.0 4th 6 80.0
2 40.0
3 70.0 7 100.0
Base 4 90.0
ment 5 80.0 8 90.0
3rd 6 80.0
7 90.0 9 80.0
8 90.0
9 110.0 10 90.0
Ave 78.9 Ave 88.0
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