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ABSTRACT

Workers engaged in construction works have been exposed to high levels of noise during their
work in tunnels. Noise is one of the major health hazards for employees working in construction
sites. The aim of this study is to evaluate the noise levels generating from tunneling equipments
such as jumbo drills, backhoes, payloaders, shotcrete machines and service cars. Explosion and turbo
fan noises were also monitored. A high precision sound level meter was introduced for measuring
LAeq, LAFmax, LAFmin and LCpeak noises in 5 tunneling work sites that were located in Seoul,
Kyunggi-do and Kangwon-do areas with NATM and shield methods. The highest noise was recorded
by explosion(151.9 dB LCpeak) followed by jumbo drills of higher than 110 dB(A) LAeq. Backhoe
normally generated 90~110 dB(A) LAeq while breaking work of rock showed additional around 5~15
dB(A). Noise exposure levels for payloader and shotcrete machine scored more than 90 dB(A) which
might be a source of noise-induced hearing loss. Additional research in revealing noise levels from
construction equipments operating in tunneling works may enhance the protection of workers who ex-

posed to noise primarily at the sites.
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Table 1 Characteristics of construction site subjects

Name Type of . Tunnel
of | Location co(rjllsts'tslcgfm tunnel Sm; Shape
site construction P (HxW)
Kyungi . % Oval
A “do Railroad NATM Rock (8x10 m)
B |Kanewon| piohway | NATM* |Rock|  OV2
-do (8x13 m)
Oval
*
C | Incheon | Subway NATM* |Rock (7%9.5 m)
Kyungi . " Oval
D ~do Railroad NATM Rock (810 m)
. . Round
E Seoul Subway Shield Silt (7.510 m)

* NATM : New Austrian Tunnel Method
=l AAE 52 Hgagl, ofge] we A
AR gHe] ABAY Angw HAeS s|Sahs
LAFmax$} LAFming =433t}
g A9 sl e
T2 LCpeak®= ZH3I ASEAS T8
o 4 =S stk ANxgA0 7%
AZAHB&KAN7F Al FeHs AZESY(BZ 5503
Measurement Partner Suite)S AFE FA3}310).
=RAg4 gy AdEs dFoA de Aley
£ HR=Gumbo drill), ™ Z(backhoe), ¥|o]ZT]
4$=E7|(shotcrete machine), A7+
Foi dslen L Aol

ol

jN_

(payloader),
(service truck)
o] N
ot %‘E %‘ﬂ %% 1 EHoHH

A AgFeME AHHEd, £E7] 3 EHRd

=
4% A5A %—ﬂi%—c JHL 1148dB(A)0ﬂ oHDL
I LAFmax®] #H¥2 116.0 dBA)°] =E313
. CEA o1t eS YEE LCpeak®l
Bt 128.0dB(C)S 7|E3Htt. ZAE %3
o] &E I 9= £EVIS ASA 7MY C
549 &H gl HAES 93.1dB(A)9 116.3
dB(C)°] 21 tKTable 2).
s 2 = R e R R B o e o R
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Table 2 Noise levels generating from tunnel con-
struction equipments at site A

Table 4 Noise levels generating from tunnel con-
struction equipments at site C

Tunnel o Data | LAeq |LAFmax|LAFmin|LCpeak
equipment type |[dB(A)]| [dB(A)] | [dB(A)] | [dB(C)]
Range| 11229~ | 114.4~ [ 110.2~ [ 1259~
Jumbo | | |""E¢] 1154 | 1166 | 1140 | 129.1
drill Mean | 114.8 | 116.0 | 1125 | 128.0
R 92.6~ | 957~ | 90.9~ | 115.8~
Shorterete |, |®418¢ 939 | 976 | 923 | 1161
M/C
Mean | 93.1 | 965 | 915 | 1163
Range| 904~ | 918~ [ 894~ [ 1112~
Turbo | 5 |""8°| 910 | 943 | 899 | 1127
f:
a Mean| 908 | 927 | 89.6 | 1119

* number of samples

Table 3 Noise levels generating from tunnel con-
struction equipments at site B

Tunnel o Data | LAeq |LAFmax | LAFmin|LCpeak

equipment type |[dB(A)]| [dB(A)] |[dB(A)]| [dB(C)]

Range| 102:6~ | 105.4~ [ 102.0~ [ 117.0~

Jurr_ﬂio 5 € 1116 | 1188 | 1104 | 129.1

dril Mean | 106.7 | 110.6 | 1058 | 121.5

Range| 950~ | 99.0~ | 813~ | 118.0~

Shorterete | &1 1014 | 1099 | 930 | 1216
M/C

Mean| 982 | 1054 | 87.2 | 119.8

Range| 886~ | 944~ | 826~ | 1173~

Payloader | 4 &1 978 | 1162 | 937 | 1336

Mean| 932 | 1045 | 88.0 | 1247

Backhoe 103.6~ | 110.9~ | 85.5~ | 127.6~

(Rock | 4 Range| 058 | 1149 | 86.8 | 133.6

breaking) Mean | 1062 | 112.9 | 86.2 | 130.6

] Range| 875~ | 960~ | 805~ | 1146~

Service |, |48 965 | 1065 | 93.7 | 1221

car Mean| 90.1 | 1002 | 853 | 117.2

Range| 112:9~ | 140.3~ [ 425~ [ 1519~

Explosion | 2 8% 1152 | 1438 | 513 | 1519

Mean | 114.1 | 142.1 | 469 | 151.9

* number of samples

= BAE AAs] HE ARES }“ E|HE HlE7]
g SAL WiET TPholdlA & 33 o] FolA
t}. LAeq, LAFmax % LCpeak«] HE 90.8
dB(A), 92.7dB(A) 2 111.9dB(C)Z ZAFE At}
B 3o dARE="E 459 HFS LAeq’t
106.7 dB(A)°I o™ LCpeakE 121.5dB(C)Y H
S Uity £E71S Ay Hdow ASA
< 982dBA)°IloH, CEA &M aLE

7Piu
2 119.8 dB(C)°] 31tk

=N
S

(o]
BT

Tunnel o Data | LAeq |LAFmax|LAFmin|LCpeak

equipment type |[dB(A)]| [dB(A)] |[dB(A)]| [dB(C)]

Range| 106:3~ | 108.5~ | 904~ [ 1209~

Jumbo | 8¢ 1075 | 1123 | 102.6 | 1237

drill Mean | 107.0 | 110.7 | 957 | 12256

R 91.6~ | 94.6~ | 89.6~ | 118.7~

Shorterete | 5 | “4ME¢| 918 | 951 | 89.7 | 1194
M/C

Mean| 91.7 | 949 | 89.7 | 119.1

Range| 903~ | 106.0~ [ 920~ | 1125~

Backhoe | 4 1002 | 108.0 | 992 | 117.4

Mean | 984 | 1069 | 949 | 1142

* number of samples

Ho]269] LAeqt Hit 93.2dB(A)°IoH
LCpeak®] #w& 124.7dB(C)Z YEbth # 3o
giaiA= o] A7t @A ¢ Z3 2ol
s AN o SAEATE LAeq, LAFmax %
LCpeake it 717} 106.2 dB(A), 112.9 dB(A)
2 130.6 dB(C)Z 7]E3kth

a4 2o FUEE AT A A
o] S 90.1 dB(A)E YEFTE o] dFe] &%
AL A 5AE AYA 9lo] LAFmine ¥
7+ 853 dB(A)°]%lt}. LCpeakte 117.2 dB(C)2
ks 71533t

B @4 apxe] of 50m Aol oSS
ZAskelth. C54 SIS TS He 15
dB(C)= 33t el oj25lom ASA s7tas
FEe A 111.4 dB(A)°I AT

Table 494 YERA wie} o] ¢ @A = A
ney £EV] 9 wod g A5S A
AREgo] ks =& Al ASA Tk
LCpeak®] Hy2 7Hz}F 107.0 dB(A)9} 122.6 dB(C)
olt}t. £EZ] Hi A2 91.7dB(A), 949

1

dB(A) % 119.1dB(C)®] LAeq, LAFmax %
LCpeaks 7]53lGith. W3o| gk A5FES

LAeq, LAFmax % LCpeak® o] z}7} 98.4
dB(A), 106.9 dB(A), 114.2 dB(C)Ol"*E}
D &9 w3 o] AEAN SUlA
e 90.1dBA) 2 96.2dB(A)°]5\’iRUr
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Table 5 Noise levels generating from tunnel con-
struction equipments at site D

Tunnel n* Data | LAeq |LAFmax | LAFmin|LCpeak

Equipment type |[dB(A)]| [dB(A)] | [dB(A)]| [dB(C)]

Range 88.7~ 93.2~ 85.0~ | 110.6~

Backhoe | 5 91.4 99.3 88.0 118.0

Mean | 90.1 96.2 86.4 114.5

R 111.3~ | 112.6~ | 109.7~ | 129.3~

Turbo | o LS\ 1116 | 1129 | 1102 | 1302
fan

Mean | 111.4 112.7 110.1 129.7

* number of samples

Table 6 Noise levels generating from tunnel con-
struction equipments at site E

Tunnel o Data | LAeq |LAFmax|LAFmin| LCpeak
equipment type |[dB(A)]| [dB(A)] |[dB(A)] | [dB(C)]
Range| 888~ | 90.1~ | 87.4~ [ 109.9~
Before | € 911 | 974 | 896 | 1144
Shield
Mean| 902 | 925 | 889 | 1123
- 88.2~ | 93.2~ | 854~ | 1082~
Shield
hydrl:uhc s (R 905 | 048 | 884 | 1111
equipment Mean| 89.9 | 936 | 867 | 109.2
_ Rangel 867~ | 88:6~ | 83.1~ | 106.9~
Shield | 5 £ 892 | 918 | 860 | 109.1
Conveyer
Mean| 87.6 | 903 | 851 | 108.2
, Range| 920~ | 98:0~ | 883~ | 112.2~
LOCOI)I(‘IOUVC 8 g% 936 106.9 96.9 116.2
Mean| 963 | 99.5 | 941 | 114.1
_ Rangel 981~ | 99.5~ | 93.8~ | 1154~
Locor\l{loth&: i 8¢ 1011 | 1043 | 999 | 1195
Mean| 100.1 | 101.4 | 987 | 117.2
Range| 887~ | 944~ | 815~ [ 116.6~
Turbo | € 936 | 1112 | 90.1 | 1262
f:
an Mean| 920 | 979 | 883 | 1204

* number of samples

LCpeak”} 111.4dB(A), 112.7dB(A) ¥
dB(C)= A A EK(Table 5).

E A9dd4e 4= IHS A8ata glof =28
dre} &0l Arolo] ME B 7|3A 55
oz ZA3tH(Table 6). WA D=7 7Hs A
=22 ST ERE F 4m HolX AHAdA A4

2SS Higto®  LAeq7} 90.2 dB(A),
LAFmax”} 92.5 dB(A), LAFmin®| 88.9 dB(A)°]$]
3L, LCpeak: 112.3 dB(C)S YERNSITH

A THE(segment)e] HH F2 A] A= F9HEA]
oA WAEE ASS HPOE LAeq, LAFmax

129.7

=

844 | Transactions of the KSNVE, 23(9) : 841~849, 2013
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Table 7 Compariosin of noise levels inside and out-
side of tunnel construction equipments

zu:ineil In/ o Data | LAeq [LAFmax|LAFmin|LCpeak
T | out type [[dB(A)] [dB(A)] | [dB(A)] |[dB(C)]
Range| 112:9~| 1144~ | 110.2~[125.9~
Outer| 10| "¢ 1154 | 1166 | 1140 | 129.1
Jl(lin}ﬁo Mean| 114.8 | 116.0 | 1125 | 128.0
& Range| 851~ | 864~ | 81.6~ [101.3~
mner| 101 "¢ 87.0 | 887 | 851 | 1033
Mean| 85.9 | 87.5 | 83.3 | 102.2
Range| 887~ | 932~ | 85.0~ [110.6~
Outer| 9 | "% 100.2 | 108.0 | 99.2 | 118.1
Backk- Mean| 93.8 | 1009 | 90.2 | 114.4
hoe Range| 733~ | 79-2~ | 69.3~ [103.9~
Inner| 8 | € 89.0 | 99.1 | 882 | 109.1
Mean| 80.5 | 87.5 | 758 | 106.8
* number of samples
v el emzt gldch
Ar=ge] 44 Wejid &5k Aol= Fig. s

o] =AE upe} o] LAeq, LAFmax, LAFmin %
R 2504 30dBOl o224 ofF & A

HQes & 5 gl o £ 2EA
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LAFmax. LAFmin, LCpeak =% 0.01 %olA <]
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