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Analysis of sound power level of high-noise construction machinery
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Abstract The noise generated by construction machinery operating at construction sites is a major cause
of environmental disputes with nearby residents. To reduce construction site noise, low noise
construction machinery and low noise methods are recommended to be used first. In addition, the
possible noise should be predicted and preventive measures suitable for the noise source should be
taken. This study analyzed the sound power level of an excavator, which is used most frequently at
construction sites. The sound power level of 297 excavators sold in Korea after 2008 were analyzed and
the sound power level was classified according to the type, output (kW), and production site of the
excavator engine based on the measured data. As a result, the sound power level decreased by 1 dBA
depending on the change in engine type and the sound power level increased by approximately 3 dB
(A) when the engine output was doubled. In addition, the sound power level was low in small-sized
products of less than 55 kW for overseas products and medium and small-sized products of 55 to 104

kW for domestic products.

Keywords : Excavator, Construction Machine, Sound Power Level, Noise, ANOVA.

*Corresponding Author : Hyung-Kyu Park(National Institute of Environmental Research)
email: mossad61@korea.kr

Received June 21, 2019 Revised August 23, 2019

Accepted September 6, 2019 Published September 30, 2019

240



B
R

A
A

)

A7A 24719 &3k %

14

1. M2

AR AEVIA Y] EEor TSke a5
RIT FHo Frlsw &4 BAS 4dovle Hurad
felole. A471A9 &2 BHE A3 FFF-= 2008
GRE AR 258N E S 247
EH, G714, 2171, BolA, 3714571, E29E
A7), d571, e 2 LIS 9FF AE7A
et &2k HARE sl I SAgE AE 29l #A

SHES ok glow, o)F 2471, B, 24, 3]
Q5710 el 2014495 Bel/lE e 2ast
Ag Bl AN ek BAY 28 ALE 9
) AN ARE BAY LAY 2847
Q1) ZALOR APk A%e BA 7% A
83} A2 AHIIA OIF Ao Hoka Uk B4
Y Aol AH AgHE AW B34 2 7))
7} gEele 295 29 WS S

A 29 oI5 L A% ) YL I F
1

i

ar
o

fo
>

rol
flo
do st

Z|ZAEEAL D 5 Qdnk @A AR &5 95l &
= AE7AIY 255 R 20039 =HEE ek
A IR AN a5 B EHILAM #5E &5 g
7|2 ARE S . 3y A SARE%
A AREEE AA7IASRE AXY] g4 9 AR
T B0l IE Ak A7} o FEH, B3 FA

oA L4 (Sound pressure level}& =43

&

o B gl a o
L do o

,d
=2

ftfo

[e]

N,

_,4
i)

& 7171 I1/9 22T @GO E ARESP|ole gt
F32o] Qltt. olofl & AtolM= AE71AS ARSRIETH
E1 FA Y Aukel] AR AR EE 24] 297719
S S0ttt 1 At gk w7 17kA A
ZSKTier2, Tier 3, Tier 4)& <18 HAH AF F4]
o WE AT A, X EFkW)T AL A,
S - Q] AL AlEO] ME AT H|W, 7|E AR S
Ql Agk d} H|WE B9l 2008 o] ol Hrj
Hi Q= 22 &2EY] 5 TelsiEdTh EIT
£ AqolA AojR= 24| SFEEES d4d71A
oA WAt &g 9 sl &8st Y= 4
W ZET 7)7)0)A eSSt IR AFE HoE =
A7 Qo R s st 4 AlSA] 282 Tt

S o] FEAdo] ot AAles VHRit

|

ro

=0
=

HFEH
od

2. A%

241

2.1 27| 23 oigt

éo —
A7) 24b719] AL 24L 20084 olF A
7HA] =il Az - dE o] wEE 24471(29771) A

ol gt SRTAAAPWLIS ZAoIeT. A A7)
2 NP Y A7 FARW)Y 295 24 dhiei of

# Table 1.°] YERHATE

Table 1. Number of measurements (Excavator Number).

. Excavator
Model year Engine (P = Engine Power (kW) N
Grade (ea)
19<P<225 225¢ P<500
2008 Tier 2 84 20 104
2009 Tier 2 24 3 27
2010 Tier 3 25 3 28
2011 Tier 3 20 4 24
2012 Tier 3 12 1 13
2013 Tier 3 13 0 13
2014 Tier 3 16 2 18
Tier 3 11 0 11
2015
Tier 4f 31 8 39
2016~ Tier 4f 16 4 20
ALL 297
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Fig 2. Measurement of the sound power level

(Excavator).

249 gL g 4 ()€ olgslel i1

9] HHASHEEE AgsiAl =t
6

7= 10%log( %E 0" 6]

AE 71719 HaSgEES wigAS EYEK)H
2497 BH(KI3I A9 Zo] 2A1] Sk
g A&t

S
L, =L~ K~ K+ 10log( ) dBA )

o

4714, Leq B34 (dB(A)

Leg ¢ i 914 wlo]A2E 57k %E(dB(A))
Ly @ S22 (dB(A)

K: @ 8342 B

Ky @ SHEAZ

S : ZA4dol "WA(md) , 271’

So ¢ 71F WH (Im)

ol7]ol A vk r (m)2 dRbE ez Hiif 717]e] 4
ol(LE 7IEer AAHY thed Eh

HELW 2 [ (1.5 m oo =4m
15m <L {4m r= 10 m
b4 S L ceeeeeeeeeeneenee =16 m
3. &
3.1 2M7| A8k H|W

242

20034 W EFCWERZ 47 IFo2 o] =
A 247] AS%9) v 7S 95 20084 0|5 AJAE]
© A1 297718 2 Yo R o] Hlus) B
At 2003de] AN A7) A% A7 Y
7t A FA 25950 AEEE 712 AR &
88 53 ek 24} 7 WA AL71A) w17k
TAE Y A FA(Tier 4f) WS} Aax2 71€9)
RS Hdlo] T2 247] A% WHEE AFESIT
11 A¥= Table 2 o UERIL

Table 2. Comparison of sound pressure level (2003

vs 2008~)
Sound Pressure Level (dB(A)
Engine 1
Power (P=kW) year 75 m >m
'Range LM. 1Range LM.
~ 03 |69.5/76.8| 74.5
P 55 69.2
08~1858.7/75.0 2y
~ 03 |68.5/81.9| 76.3
55 < PX104 73.7
08~18 63.0/851| Lo | - -
~ 03 |71.1/82.5| 782 |65.8/77.4| 73.4
104 < P¢ 208 71.6 71.4
08~18 66.9/73.8 -6.6) 64.6/76.0 2.0
~ 03 - - 82.9/84.4| 76.5
208 < P - 74.4
08~18| - sao/s20| 15

'Range: minimum and maximum, *L.M.: Logarithmic Mean
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Table 3. Status of sound power level by production Table 4.0 YERA.

year. Al 153 ANOVA #4243 pgke 0.01 olstellA]

Year®N) Excavator Sound power Level (dB(A)) AL 72 E4ES Ouil ARe] Falo] wet ASE
eart
'Range Mean+”SD ’GM_ 50th Zro] 90314 Mkt AL oI5k Tier 2 9l
2008(104)  92.0-114.0  101.42+480 10130 1015 P = 2] 5 = orc moo
200927)  87.0-1060  100.03+4.16 9995  100.0 Feohe 24711317) 1% '4 EgE B
201028)  93.0-1060  100.14+405 10006  100.5 101 dBAZ Yepgon, 7F 52 A3% e vy
2011(24)  92.0-109.0  99.67+4.90 99.55  100.0 t}. 20109 o]F Tier3 AGQ] o {% AR5 Z4H)
2012(13) 92.0-113.0 100.92+5.96 100.76 101.0 (1077]) 1‘1’5—’] 7(_)]0 /\}“Q‘Ol‘u_ ug_—ﬂ,_ _/J\_‘_g_ __ 993
2013(13)  94.0-1050  99.30+3.68 99.24  100.0
o oo o 5

2014(18)  90.0-1050  9822+481 9811 985 dB(A)] &-&eol™, Tier 2 AL QS AM8sh= 2
2015500  91.0-109.0  99.4%378 9933 980 7|15t} oF 2 dB(A) Ak &Sk $E0] Woldl Aos
2016~(20)  95.0-107.0  99.25+3.71 99.18 99.0 ZAFE e},
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Table 4. Status of excavator sound power level depending on engine type.

Engine Excavator Sound power Level (dB(A))
Grade(N) 'Range Mean+%SD 3GM p-value post-hoc 5th 25th 50th 75th 95th
E‘;rg 87.0-1140  101.14+4.69  101.01 T3 926 980 1010 1050 1080
) p<0.01
Tier3 90.0-113.0 99424458 9931  (F=4.735, ™ 924 950 1000 1030 1060
TQOZ P=0.009)
(156;) 94.0-109.0  99.73%3.69 99.66 - 950 970  99.0 1030  106.0

'Range: minimum and maximum, *SD: standard deviation, >’GM: Geometric mean,
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Table 5. Status of excavator sound power level
depending on engine output.

Excavator Sound power Level (dB(A))

Engine
l"(i\\))vve)r 'Range ’GM p-value ph(ig
< 55 87.0-101.0 96.28 234
55 < X104 91.0-113.0 99.23 5001 134
104 = P 0501080 10213 (F;lg%gé)q 124
08
208< P 97.0-114.0 105.77 1.23

1 . P . 2 . "
Range: minimum and maximum, “GM: Geometric mean,
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Fig. 2. Status of sound power level depending on the
area of production (domestic - overseas)
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Table 6. Sales ratio and sound power level by output
depending on the area of production

unit:dB(A)
Origin
Engine Domestic oversea
Power ; ;
(kW) LM Ratio LM Ratio
dB(a) %) dB(&) (%)
<55 98.2 29.5 95.9 56.1
55<P<104 99.6 14.2 104.5 8.4
104<P
<208 102.9 36.3 102.6 16.8
208<P 106.3 20.0 106.8 18.7

'LM.: Logarithmic Mean
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