A Study on the Structure-borne Noise and Noise Reduction of Drainage Pipes
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ABSTRACT

The paper deals with the countermeasure against structure-borne noise source and noise reduction of drainage pipes. Recently, the

problem the problem of the toilet drain noise of an apartment house has been become the center of public interest and a target of

public grievance. Generally, the drain noise of a toilet in the apartment house has a pink noise characteristics below 2 kHz level, and

therefore, the structure-borne noise has a great effect on the entire drain noise. In order to measure the transmission loss for various

speakers as a sound

kinds of pipes such as PVC pipes, cast-iron pipes and newly developed AS pipes, experimental setup containing

source was designed and manufactured. The second-stories measurement room with a small size anechoic chamber was constructed and

the noise level for different kinds of drainage pipes was measured by the sound level meter. Through the experimental research in the

study, noise reduction capacity for various kinds of drainage pipes and countermeasures against structure-borne noise source are

demonstrated.
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Fig. 3 Frequency characteristics of a drain noise for toilet.
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Fig. 4 Schematic diagram of a measurement room

for a toilet drain noise.
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Fig. 6 Experimental setup for the measurement of

transmission loss of pipes.
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Fig. 7 Transmission loss for a AS pipe.

W e A

g0 |
9 %0 W LA U oy
LN W/
< 40 I |
8 U \
2 X 660 |\
g 30 7700
13
2 1\
£ 20 3930 AS 757
10
0
0 5000 10000 15000 20000

frequency [Hz]

Fig. 8 Transmission loss for a AS7.5 pipe.
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Fig. 9 Transmission loss for a PVC VG2 pipe.
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Fig. 10 Transmission loss for a PVC VGI1 pipe.
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Fig. 11 Transmission loss for a PVC VG2 pipe with PE
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Fig. 12 Transmission loss for a PVC double pipe.
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Table 2 Transmission

loss for various kinds of pipes.

Freq. Hz
63 | 125250 | 500 | 1 k|2 Kk |4 k|8 k | Total
Pipes
AS 54 [ 65]09 |83 |164|264(346]250(308] 369
AS 75 [104] 68 [13.1]19.8]305[37.2 302358 406
PVC VG2 |66 | 0.0 | 10|65 |222]262]198 220293
PVC VGI [ 10455 | 41 |185(27.4(29.0 (253|263 | 33.4
PVC Double || 93 | 62 [149]19.4]257|26.5 203|237 311
PVC VG2 1561 42 120160232265 |242 | 263 | 315
with PE
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Fig. 13 Comparison AS with AS7.5 for transmission

loss.

Fig. 14 Comparison PVC VG1 with PVC VG2 for
transmission loss.
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Fig. 15 Comparison PVC VG2 with other types of
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Table 3. Materials used in experiments.

Kinds of AS Cast steel | PVC double | PVC VG2 | PVC VG2
materials pipe pipe pipe with PE
) Double
Pipe 5.4mm 4.8mm 3.2mm 3.2mm
(6.3mm)
90°
) AS 90°
Toilet . 90° PVC long-elbow
toilet . long
bowl long toilet bowl 25mm
. bowl elbow
fitting elbow elbow Atron
elbow
cover
90°
90°single 90° . 90° long-elbow
General Multi-
. elbow long long 25mm
fitting elbow
(5.7mm) | elbow elbow Atron
cover
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Fig. 16 Noise level measured from AS pipe in case of

Sound Pressure [volts, 80dBA/1volt]
°
°

Fig. 17 Noise level measured from cast steel pipe in time

o] )

shifted location.

FOTUPpA R T————

Castiron

=)

0 -0.5 0.0 0.5 1.0

time [sec.]

domain in case of shifted location.

0.2

0.1

sy

0.1

Sound Pressure [volts, 80dBA/1volt]

PVC DOUBLE

-0.3
-1.0 -0.5 0.0 0.5 1.0

time [sec.]

Fi

=

g. 18 Noise level measured from PVC double pipe

in time domain in case of shifted location.
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Fig. 19 Noise level measured from PVC VG2 pipe

in time domain in case of shifted location.
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. 22 Noise level measured from cast steel pipe in

frequency domain in case of shifted location.
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Fig. 23 Noise level measured from PVC double pipe in

frequency domain in case of shifted location.
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Fig. 24 Noise level measured from PVC VG2 pipe in

frequency domain in case of shifted location.
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Fig. 25 Noise level measured from PVC VG2 pipe covered
with PE in frequency domain in case of shifted
location.
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Table 4 Average noise level in case of shifted location.

Pines AS Cast PVC PVC PVC VG2
p steel | double VG2 with PE
Noise level
36.0 34.7 41.5 50.5 49.5
(dBA

Table 2014 PVC VG2 PE AW#& uFs EAo|
PVC VG2 ol#e AT Aol $538A%, F+ o]z
o] FyEaAe A ) wbHel Table 404 PVC
double?d] A&#¥o] PES #$ PVC VG2:T} oF 8 dBA
A deptar o=, ole wiEAaee] A4S AT &
o] AujAQl e wFth= S 9u|git},

olglgh A¥= thE LAlE IUlR A8F o], AFu}e]
ool tigk 54 £& FHAY ASTe] T2 Ao o
Hig o £ A% WA a9E Btk 23 (53
THKASTHL(PVC o]F<K(PVC VG2 PE AWIH(PVC
VG23hel o2 yesten], 53 AS#H PVC VG2 PE
AW, PVC VG23+ Z& PVC o|5¥a} u|uste] wj$-
W AgdEE Hola, FHAY A ulTdt AeAtt
BHE Hole AS g = 2

ool ARE 1/1 FEHEME W Al Table 59}
dg=

Table 5 Pipe noise using 1/1 octave band.

Frea () | 63 | 125 | 250 | 500 | 1k | 2 k | Total

Pipes
PVC VG2 with PE [|36.9]37.5|42.3|45.9|45.6 |49.0| 52.6
AS 27.1128.5128.7]29.6(32.3]33.5| 38.3
Cast steel 22.9|25.1]25.7|28.833.127.41 36.3

PVC double 30.7133.0132.9(35.0(38.1|38.9] 43.5
PVC VG2 41.2140.8143.1]43.0]47.6|50.0| 53.5
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