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ABSTRACT

In this study, toilet-drainage noise-reduction measures in a full-scale test apartment building were

evaluated by measuring drainage noise and pipe and structural vibrations under five conditions: a

conventional pipe, low-noise pipe, damping sheet, an absorption/insulation composite wrap, and sheet

molding compound (SMC) ceiling. Compared with the conventional pipe, the low-noise pipe reduced

the equivalent and maximum noise levels by 5.7dB(A) and 4.2 dB(A), respectively,

and the

maximum vibration acceleration level at the elbow by 11.3 dB. The addition of a damping sheet

reduced the vibration of the horizontal pipe, but the additional reductions in equivalent and

maximum noise were only 0.8 dB(A) and 0.7 dB(A), respectively. The absorption/insulation composite
wrap produced additional reductions of 4.0 dB(A) and 3.7 dB(A), while the SMC ceiling provided
further reductions of 10.7 dB(A) and 11.1 dB(A). The elbow showed the highest vibration response,

while the low-noise pipe was effective in reducing mid- and high-frequency elbow vibrations. These

results indicate that effective toilet drainage noise control requires reducing vibration at the elbow

and limiting the airborne sound radiating from the piping system and transmitted through the ceiling.
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Table 1 Measurement conditions

Type Case 1 Case 2 Case 3 Case 4 Case 5
Pipe VN NC1 NC1 NC1 NC1
Hanger treatment Not applied PES 8 mm PES 8§ mm PES 8 mm PES 8 mm
Damping sheet Not applied Not applied DS 2 mm DS 2 mm DS 2 mm
Wrapping Not applied Not applied Not applied AW 8 mm AW 8 mm
Ceiling material Not applied Not applied Not applied Not applied SMC

Installation
figure
Test room
<Source room> <Receiving room> <Receiving room>
Table 2 Specifications of drainage pipes and noise reduction materials
Symbol Definition Specification

Conventional PVC

Dury Chemical. Rigid PVC pipe for non-pressure drainage; designation: VN SDR 33;

VN drainage pipe nominal diameter: 100 mm; outside diameter: 114 mm; wall thickness: 3.5 mm.
Dury Chemical. NC1 low-noise drainage piping system; nominal diameter: 100 mm; pipe
outside diameter: 114 mm; pipe wall thickness: > 4.0 mm.
Low-noise drainage | Double-layer structure consisting of a rigid PVC inner layer and a flexible
NCI L . . . - . . .
piping system sound-insulating outer layer; mineral-reinforced PVC is used for noise reduction.
The elbow has a triple-layer structure with an inner PVC layer, intermediate air layer,
and outer rigid PVC layer to reduce impact noise and sound transmission.
Polyester fiber sheet Polyester fiber absorption sheet inserted between the pipe and hanger; thickness: 8 mm;
PES for hanger-contact o 3
density: 24 kg/m’.
treatment
Aluminum-faced Namyang Novitech. Self-adhesive composite damping sheet consisting of an aluminum
DS composite damping | sheet and a damping compound; total thickness: 2 mm; manufacturer-reported specific
sheet gravity: 1.5.
Absorption/insulation Namyang Novitech. Combo TW sheet. 6 mm Websuler-series sound-absorbing layer
AW rption combined with a 2mm TP-series vibration-damping and sound-insulating sheet; total
composite wrap - .
thickness: 8 mm.
. Glass-fiber-reinforced unsaturated polyester composite panel; sheet thickness: 1.7 mm;
Sheet molding e . - .
o overall panel depth: 25 mm. Ceiling underside height above the floor: 2,270 mm; vertical
SMC compound ceiling

panel

distance from the slab soffit to the ceiling underside: 300 mm. No additional sealant was
applied to the ceiling joints.

Notes: PVC =polyvinyl chloride; SDR = standard dimension ratio; PES denotes the polyester fiber sheet used for
hanger-contact treatment in this study. Specific gravity is dimensionless. The 300 mm dimension indicates the distance
between the slab soffit and the finished ceiling underside.
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Fig. 1 Layout and schematic configuration of the drainage piping system
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Table 3 Maximum vibration acceleration levels obtained from time histories

Vibration acceleration levels at measurement positions, dB(ref. 10 m/s?)
Slab Elbow Wall
96.4+0.7 129.5+2.1 83.7+0.9
98.1+1.0 1182+1.3 83.4+19

Case
no.

Conditions - -
Horizontal pipe

115.4+2.6
1125+1.6

Hanger
1159+1.2
117.6+2.8

VN
NCl1

NC1
+damping sheet
NC1
+damping sheet
+absorption/insulation
NC1
+damping sheet
+absorption/insulation
+SMC ceiling

% N/M: not measured

95.7+0.4 115.6+1.2 108.4+1.9 116.0 +4.1 80.8+0.0

96.6+0.3 N/M N/M 118.1+2.4 87.1+£2.7

N/M N/M N/M N/M N/M

Table 4 Measured drainage noise levels and stepwise reductions under different conditions

Equivalent noise level Maximum noise level

Case
no.

Result

(LAF max) 1)
dB(A)

65.5+0.2
61.3+0.6

Result

(Lacg),
dB(A)

542+0.2
48.5+0.1

Reduction from previous case
(ALAeq)a
dB(A)

Conditions Reduction from previous case
)

(ALAF max)
dB(A)

VN
NCI

NC1
+damping sheet

NClI
+damping sheet
+absorption/insulation
wrap

NC1
+damping sheet
+absorption/insulation
wrap
+SMC ceiling

5.7 4.2

47.7+0.1 0.8 60.6 0.2 0.7

43.7+0.2 4.0 56.9+0.4 3.7

33.0+£03 10.7 458+0.9
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Fig.2 Time-history characteristics of drainage noise (lines indicate the mean of three repeated measurements,
and shaded areas indicate the min—max range)
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Fig.4 Maximum 1/3octave band vibration acceleration levels at elbow, horizontal pipe, and hanger (lines
indicate the mean of three repeated measurements, and shaded areas indicate the min—-max range)
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