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The inclusion of any information of any company or product or reference to
brand names of any particular product in this booklet does not in any way
imply recommendation or endorsement by the Government of Hong Kong
Special Administrative Region (the Government). The inclusion or
reference is for demonstration purpose only and the non-inclusion of any
product or company herein shall not be construed as disapproval of the
product or company by the Government. The data regarding any product
herein have been certified to be accurate by relevant manufacturers or their
authorized agents or representatives. However, no warranty or guarantee
whatsoever is or shall be construed as being given by the Government in
respect of any product referred to herein. Readers are advised to seek
independent experts or technical advice regarding the operation, use,
installation, maintenance or otherwise of any product referred to herein. A
proper acoustic survey and investigation by independent expert are
particular important in the noise remedial work process.
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1. Introduction

Under the Noise Control Ordinance, noise generated from activities carried
out in industrial or commercial premises should comply with the noise
standards as stipulated in the relevant Technical Memorandum. It is
generally recognized that operation of electrical & mechanical systems,
such as ventilation systems, pumping systems, lift systems and emergency
generator sets, is one of these noisy activities. This booklet highlights the
importance of planning against noise problems. It gives a brief description
of potential noise problems associated with electrical & mechanical systems
and provides guidelines on practical noise control measures that are
applicable for new designs and for retrofitting existing designs.

The reader should note that compliance with the recommendations of this
booklet does not necessarily mean compliance with the legislative
requirements. Besides, the recommendations made in this booklet are not
exhaustive. Alternative solutions to achieve the same results may exist. The
reader is therefore advised to consult independent expert for ensuring the
use of proper and cost-effective noise control  measures.

This booklet is designed mainly for assisting restaurant operators, building
operators, building management, incorporated owners, and contractors to
better understand noise control knowledge in relation to the operation of
their mechanical & electrical systems and hence adopting the most
appropriate mitigation measures where necessary. Architects, building
services engineers or other relevant professional parties may also use it as a
checklist to ensure that proper measures will be taken to avoid noise
problems in designing electrical & mechanical systems and locating
equipment. The main contents are written in plain language and illustrated
by schematic diagrams for easy understanding by a layman. The focus is on
practicable measures. More technical information can be found in
appendices.
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2. Quick Reference Guide

The following quick reference guide allows the reader to go directly to the
relevant section or appendix concerning a particular problem.

Table 1 : Quick Reference Guide for Ventilation Systems

Source of Noise Remedies Relevant Relevant
Problem Section Appendix
Chillers - Barrier 511 Appendix VI
- Partial enclosure 5.1.1 Appendix V
- Complete enclosure 511 Appendix 1V
- Silencer 511 Appendix 1X
- Floating floor 511 Appendix X
- Vibration isolator 511 Appendix VIII
Water Cooling - Barrier 512 Appendix VI
Towers - Partial enclosure 5.1.2 Appendix V
- Complete enclosure 5.1.2 Appendix 1V
- Silencer 5.1.2 Appendix 1X
- Acoustic mat 5.1.2 -
- Lined vent cowl 512 --
- Vibration isolator 5.1.2 Appendix VIII
Fans - Silencer 513 Appendix 1X
- Complete enclosure 513 Appendix IV
- Fan speed reduction 513 --
- Diverting 513 --
- Inertia block 5.1.3 Appendix VII
- Vibration isolator 513 Appendix VIII
- Flexible connector 513 --
Ducts - Stiffening 5.14 --
- Damping material 514 --
- Composite lagging 514 --

17
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Table 2 : Quick Reference Guide for Pumping Systems

Source of Noise Remedies Relevant Relevant
Problem Section Appendix
Pipes - Large radius bend pipe 521 --
- Composite lagging 521 -
- Low water flow velocities 521 -
- Rigid mountings around 521 -
the bend
- Vibration isolator 521 Appendix VIII
- Compressible material 521 --
- Pressure reducing valve 521 --
Pumpsets - Barrier 5.2.2 Appendix VI
- Partial enclosure 5.2.2 Appendix V
- Complete enclosure 5.2.2 Appendix 1V
- Replacement of bearing 5.2.2 --
- Inertia block 5.2.2 Appendix VII
- Vibration isolator 5.2.2 Appendix VIII
- Flexible connector 5.2.2 --
Table 3 : Quick Reference Guide for Lift Systems
Source of Noise Remedies Relevant Relevant
Problem Section Appendix
Traction Machines - Plantroom 531 Appendix 1V
- Inertia block 5.3.1 Appendix VII
- Vibration isolator 5.3.1 Appendix VIII
Guide Rails - Vibration pads 5.3.2 Appendix VIII
Hydraulic Lifts - Complete enclosure 533 Appendix 1V
- Vibration isolator 533 Appendix VIII

Table 4 : Quick Reference Guide for Emergency Generator Sets

Source of Noise Remedies Relevant Relevant
Problem Section Appendix
Emergency Generator | - Plantroom 541 Appendix IV
Sets - Vibration isolator 5.4.1 Appendix VIII
- Flexible connector 54.1 --

K2
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3. Statutory Control over Noise

Noise generated from electrical & mechanical systems in commercial and
industrial premises is controlled under the Noise Control Ordinance (Cap.
400) by means of a Noise Abatement Notice mechanism. “Technical
Memorandum for the Assessment of Noise from Places other than Domestic
Premises, Public Places or Construction Sites” (TM), as issued under Section
10 of the Noise Control Ordinance, sets out objective noise control criteria in
the form of Acceptable Noise Levels (ANL). Noise Abatement Notices may
be served on owners or operators of the systems if the emitted noise
measured at a Noise Sensitive Receiver (NSR), such as a residential building
or a school, does not comply with the noise control criteria.

A brief extract of the technical noise assessment and criteria from the TM is
included in Appendix | for easy reference.

21



3. AEREEH

PR RS ATERHARE S TR ESIRGT, (55 400 ) FrEH] - 1R
B TEREEEIRET ) 5 10 fREEHEY TERBEEREER - JRA M E
IR MR F RTS8k ) ST TRHERREA AT ~ AR T B
SRt DAGN I U7 8% A R 5 P AR A R B Y T T AT RE 2 YR o
ey o (AR E S S FT 3 YRS E — R E T R USRI
(Bl : EEREEER) WARFE LR =85k A Frakey " o] 3
ZHEERELR ) o AR E RS S kA% R A E
PRIEES TOMBREEAE o ML ERE S

ff g — RS T TERIEPEEMBRAT » JRA R T B SR A
Rfafssk ) 1 TIRERUERAVMTT ) 1Y T TR AR TR, 1R
FaHb I B RIES] - TEEES S -

22



4. General Principles and Techniques of Noise Control

4.1.
4.1.1.

4.1.2.

Planning against Noise Problems
Positioning of Equipment

The installation position of equipment is of critical importance in
determining the level of noise to be transmitted to the nearby noise
sensitive receivers (e.g. residential buildings or schools).

Where practicable, the equipment should be placed in a plant room
with thick walls or at a location with much greater distance from the
receiver or behind some large enough obstruction (e.g. a building or
a barrier) such that the line of sight between the receiver and the
equipment is blocked.

Design of residential buildings should avoid locating area of noise
sensitive uses (e.g. bedrooms) next to noise sources (e.g. machine
rooms, lift shafts, etc.). Instead, other areas of less noise sensitive
use (e.g. corridors, kitchens, bathrooms, etc.) may be assigned to
separate area of noise sensitive uses from noise sources. This can
avoid some future noise problems and possible costs for any
subsequent noise control measures.

If noisy equipment has to be placed near a receiver due to spatial or
other constraints, appropriate noise control measures should be
considered.

Selection of Quiet Equipment

Though equipment may generally be more expensive. It is however,
more economical in the long run to buy quieter equipment (e.g.
silent type chillers, water cooling towers, or pumps) than to carry out
abatement work for mitigating excessive noise generated from noisy
equipment. Most equipment has a range of readily available noise
control devices that are able to curb down the noise. It is advisable
that noise levels specification is included when ordering new
equipment. This allows the equipment suppliers to select appropriate
equipment and optional noise control devices to suit the acoustic
requirements.
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4.1.3.

4.1.4.

Proper Implementation of Noise Mitigation Measures

If noise mitigation measures are required, it is important that they
are implemented properly. For example, gaps at noise barriers and
enclosures should be sealed up to prevent noise leakage, vibration
isolators should be allowed to perform at their designed deflection
ranges without being locked up or being short-circuited by other
transmission paths. Examples are shown in Section 5.5 for reference.

Scheduled Maintenance

In order to prevent increasing noise produced by existing equipment,
it is necessary to put in place a regularly scheduled equipment
maintenance programme so that equipment is properly operated and
serviced in order to maintain controlled level of noise and vibration.
Maintenance may include lubricating moving parts, tightening
loosen parts, replacing worn-out components or inspecting
equipment alignment, etc. Vibration measurements at various
frequencies may help to detect causes of excessive vibration or noise
of a machine. A guide to vibration identification is given in
Appendix XIII.
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4.2. Tackling Existing Problems against Noise Exceedance
4.2.1. Air-borne Noise Control

Noise generated from electrical & mechanical equipment may
cause disturbance to nearby residents.

The noise may be mitigated by blocking the line of sight
between the equipment and the receiver. Depending on the
required level of noise reduction, noise barriers, partial
enclosure and complete enclosure may be considered (see
Figure 1 and Appendices IV to VI).

Air-borne noise Air-borne noise control
without control measures by barriers or partial enclosures

Figure 1 : Air-borne Noise Control by Barriers and Enclosures
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4.2.2.

Structure-borne Noise Control

Vibration from electrical & mechanical equipment may be
transmitted through building structure at points where the chiller
is connected to the structure. The situation could be particularly
worse when it is rigidly fixed to the structure without proper
isolation. The vibration transmitted may activate the building
structure to generate noise which causes noise disturbance to
residents inside the building.

The vibration may be isolated from the building structure
controlled by using vibration isolators (see Figure 2 and
Appendix VIII).

In addition, inertia blocks may also be provided between the
vibration isolators and some mechanical equipment such as fans
and pumps to add rigidity and stability of the system (see
Figure 2 and Appendix VII).

Structure-borne noise Structure-borne noise control
without control measures by vibration isolators

Figure 2 : Structure-borne Noise Control by Vibration Isolators
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5. Common Noise Problems and Practical Remedies
5.1.  Ventilation Systems

5.1.1.
(A)

Air-cooled

chiller

o o

Air-cooled Chillers
Noise Problems

Air-borne Noise

Noise generated from air-cooled chillers may cause disturbance
to nearby residents (see Figure 3). It mainly comes from the air
flow noise resulting from air turbulence at condenser caused by
the blowers and compressor noise during running and on/off

compression cycle of refrigerant.

Air flow noise

_ Noise from
\ refrigerant

T

A

Residential building

WA

Figure 3 : Air-borne Noise from Air-cooled Chillers
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(A)  Noise Problems (Con’t)

Structure-borne Noise

Vibration from an air-cooled chiller’s operation may be
transmitted through building structure at points where the chiller
is connected to the structure. The situation could be particularly
worse when it is rigidly fixed to the structure without proper
isolation (see Figure 4). The vibration transmitted may activate
the building structure to generate noise which causes noise
disturbance to residents inside the building.

Air-cooled

§ S ?/ chiller
' = (¢
37

Mild steel
universal beam

Reinforced
concrete plinth

3
S

5
-
|
-——
v

¥

,
R(1111]

3
S

Figure 4 : Structure-borne Noise from Air-cooled Chillers
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(B) Practical Remedies
Air-borne Noise
o Erect a barrier or partial enclosure (see Figure 5) between the

plant and nearby residential buildings so as to block the noise
propagation path (see Appendix VI and Appendix V).

(Noise Reduction Up to 10 dB(A))

Barrier Residential building

(See Appendix VI)
Air flow noise

.

Air-cooled
chiller Noise from

\ F=——t— B0 refrigerant 5]

% =

A

&)
$

WA 22 WA

Figure 5 : Barrier for Air-cooled Chillers
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(B) Practical Remedies (Con’t)

o Fabricate a complete enclosure with silencers at condenser fan
outlets and at air inlets of the enclosure (see Figure 6) so as to
contain and absorb the noise from the chiller when there are
noise sensitive receivers all around (see Appendix 1V).

e |Install floating floor (see Figure 6) so as to reduce air-borne
noise transmission through floor slab when the floor underneath
is a noise sensitive receiver (see Appendix X).

(Noise Reduction Up to 30 dB(A))

Residential Discharge Air out Air out Complete Residential

building silencer (See enclosure (See building
Appendix IX) 4> 4> Appendix IV)
N ﬁ

7, Air- o %,
4 cooled
< chiller 3 )
%
B NN N\ V] R
o o
[T T
i -Ei@ @ZE

Floatmg floor Intake sﬂencer
(See Appendix X) g 2 (See Appendix IX)

Figure 6 : Floating Floor and Complete Enclosure for Air-cooled Chillers
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(B) Practical Remedies (Con’t)

Structure-borne Noise

¢ Provide vibration isolators to support an air-cooled chiller (see
Figure 7), thereby isolating it from the building structure (see
Appendix VIII).

(Noise Reduction Up to 20 dB(A))

- T Air-cooled chiller

Mild steel
universal beam

Vibration isolators
(See Appendix VIII)

Reinforced
concrete plinth

m
F

b
b

Figure 7 : Vibration Isolation of Air-cooled Chillers
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5.1.2. Water Cooling Towers
(A) Noise Problems

Air-borne Noise

Noise generated from water cooling towers may cause
disturbance to nearby residents (see Figure 8). It mainly comes
from the air flow noise resulting from air turbulence at
condenser fans and water splashing noise due to water flowing
through the tower into the collection basin.

Residential building
Air flow noise

Air out Air out

R i+ K

Water cooling
tower

Water splashing
noise

Airin D= % 005 \_L/%} <AOg- Airin

Figure 8 : Air-borne Noise from Water Cooling Towers
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(A)  Noise Problems (Con’t)

Structure-borne Noise

Vibration from a water cooling tower’s operation may be
transmitted indoors through building structure at points where
the cooling tower is rigidly fixed to the structure without proper
isolation (see Figure 9). The vibration transmitted may activate
the building structure to generate noise which causes noise
disturbance to residents inside the building.

Water cooling
tower

Mild steel
universal beam

Reinforced
concrete plinth

Structure- borne noise

qu

3
3

Figure 9 : Structure-borne Noise from Water Cooling Towers
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(B) Practical Remedies
Air-borne Noise

o Erect a barrier or partial enclosure between the plant and nearby
residential buildings so as to block the noise propagation path
(see Appendix VI and Appendix V), provide an acoustic mat on
the water surface so as to reduce the water splashing noise, and
install acoustically lined vent cowl at fan discharge outlet (see
Figure 10), if not much noise reduction is required.

(Noise Reduction Up to 10 dB(A))

Lined vent cowl . . . o
Barrier Residential building
(See Appendix VI)
Air out —-A
Water cooling
tower

Acoustic
mat
(optional

Figure 10 : Barrier and Vent Cowl for Water Cooling Towers
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(B)

Residential
building

Figure 11 : Complete Enclosure for Water Cooling Towers

Practical Remedies (Con’t)

Fabricate a complete enclosure with silencers at condenser fan
outlets and at air inlets of the enclosure (see Figure 11) so as to
contain and absorb the noise from the water cooling tower (see
Appendix 1V) when there are noise sensitive receivers all

around.

(Noise Reduction Up to 30 dB(A))

Discharge silencer
(See Appendix IX)

Air out

|

vvvvvvvvvvvvvvv

NI

=

BRI RRRRRIRRRR

Water
cooling
tower

]

{zo

o,

o
S

o

o

oy
=

s
4

oy
==

S
=

>
=

o
=

Complete enclosure

$ ﬁ (See Appendix 1V)

I

Intake silencer
(See Appendix IX)
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(B) Practical Remedies (Con’t)

Structure-borne Noise

¢ Provide vibration isolators to support a water-cooling tower (see
Figure 12), thereby isolating it from the building structure (see
Appendix VIII).

(Noise Reduction Up to 20 dB(A))

Water cooling
tower

Mild steel
universal beam

Vibration isolators
(See Appendix VIII)

Reinforced
concrete plinth

{]m

Figure 12 : Vibration Isolation of Water Cooling Towers
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5.1.3. Fans
(A) Noise Problems

Air-borne Noise

The noise problem associated with fans may cause noise
disturbance to nearby residents (see Figure 13). It mainly comes
from the interaction of flow turbulence and solid surface of fan
blades, and blade / fan vibration. The noise is transmitted
upstream and downstream in the connecting ducts or to the
atmosphere through the fan case.

Centrifugal fan Residential building

Fan breakout noise ﬁ
% Air out

WA
Baseplate @ |:>
\ & Fan noise

; = irout
VAR Fan noise

Axial fan Duct

¥

Figure 13 : Air-borne Noise from Axial and Centrifugal Fans
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(A)  Noise Problems (Con’t)

Structure-borne Noise

Vibration from an operating fan may be transmitted to the
interior of the building through building structure when the fan
is directly mounted on a supporting structure without proper
isolation (see Figure 14). The vibration transmitted may activate
the building structure to generate noise which causes noise
disturbance to residents inside the building.

Centrifugal fan (?_ff
N B
Baseplate
Concrete plinth \ ©
- =

s

;

Structure-borne
o noise

R = IR
.

Axial fan Duct

Figure 14 : Structure-borne Noise from Axial and Centrifugal Fans
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(B) Practical Remedies
Air-borne Noise

¢ Reduce the speed of fans at non-rushed hours.
o Divert duct openings away from receivers (see Figure 15).

(Noise Reduction up to 5 dB(A))

Air out

Centrifugal fan qtﬁ Residential building

Fan breakout noise ﬁ
Baseplate @
\ &

TR
: Axial fan Duct % @

Air out

\

Figure 15 : Duct Diversion
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(B) Practical Remedies (Con’t)

o Install a silencer at air discharge point of a fan (see Figure 16)
S0 as to absorb noise generated from the fan (see Appendix IX).
o Fabricate a complete enclosure (see Figure 16) to contain and
absorb the noise energy radiated by the source (see Appendix

V).
(Noise Reduction up to 30 dB(A))
Intake silencer Complete enclosure  Centrifugal
(See Appendix IX) (See Appendix IV) fan
0 Flexible Residential building
0 Fan breakout connector
v noise ﬁ
i % —— — Air out
Air in =

©
2l Discharge silencer
(See Appendix IX)

Air out

= D Lo
Lo 5 @ ——5L
g<::| Baseplate \

[ 1 »

Flexible / / / \
connector Axial fan Duct Discharge silencer
3 (See Appendix IX)

%
Z
-
%
Z
7 ~
\.’

Figure 16 : Complete Enclosure and Silencers for Axial and Centrifugal
Fans
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(B) Practical Remedies (Con’t)

Structure-borne Noise

¢ Provide an inertia block to support the fan (see Figure 17) so as
to add rigidity and stability to the ventilation system (see
Appendix VII), and provide vibration isolators to support the
inertia block (see Figure 17), thereby isolating it from the
building structure (see Appendix VIII).

e Provide flexible connectors between the fan and associated
ducts (see Figure 17), thereby isolating it from the ductwork.

(Noise Reduction up to 20 dB(A))

Centrifugal fan \:?

Baseplate
Inertia block
(See Appendix VII)

Flexible connectors

Vibration isolators
(See Appendix VIII)

Concrete plinth

Pt

D;i; :f\
Vibration isolators

(See Appendix VIII) %

AL
_— /

connector Axial fan Duct

im

A A

Figure 17 : Vibration Isolation of Axial and Centrifugal Fans
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5.1.4. Ducts
(A) Noise Problems

Air-borne Noise

Air flowing through ducts induces vibration at the duct wall,
which generates rumbling noise. In addition, the noise inside
the duct can be transmitted to the atmosphere through the duct
surface. All of these may cause noise disturbance to nearby
residents (see Figure 18).

Residential building

SEEEECEEECEE

Air flow

(NN
R
T

E3
/ Rumbling noise &

fan Duct low frequency
breakout noise

Axia

Figure 18 : Duct Noise
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(B) Practical Remedies
Air-borne Noise

o Stiffen the vibrating duct surface with supporting webs so as to
reduce the movement of the vibrating surface.

e Apply damping material to the vibrating duct surface (see
Figure 19) so as to reduce the movement of vibrating surface.

e Apply composite lagging of sound absorbing materials (see
Figure 19) to contain the radiation of noise.

(Noise Reduction up to 20 dB(A))

Residential building

(EEEECEEECRE

1. Use of damping material (e.g.

thixotropic paste and

thermoplastic alloys); or Air flow
2. Use of composite lagging (e.g.

50mm thick fibre glass blanket

as inner layer and 13mm thick

plastering or loaded vinyl fabric

as outer layer) R

z
N 7

il
" 4

Axial fan Duct

Figure 19 : Use of Damping Compound and Composite Lagging
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5.2.

Pumping Systems
5.2.1. Pipes

(A)

Noise Problems
Air-borne Noise

Water flows in a pipe causing vibration at the pipe wall and
generating broadband noise which may cause noise disturbance
to nearby residents (see Figure 20). When the water flow
changes direction suddenly because of obstacles in the pipe
such as sharp bends or valves, a loud noise is generated which
becomes louder with increasing water flow rate and pipe size.

Residential building

Greater noise
generated at
sharp bend of
alarger pipe

Figure 20 : Noise from Ringing Pipes
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(A)  Noise Problems (Con’t)

Structure-borne Noise

Vibration from the water flow in pipes may be transmitted from
the pipe runs to the interior of the building through building
structure where the pipes are mounted. It becomes more severe
when the pipes are in direct contact with large planes such as
walls or slabs (see Figure 21). The vibration transmitted may
activate the building structure to generate noise which causes
noise disturbance to residents inside the building.

& =
A
—
_—
Wall \ @
Structure-borne N\ 4 ' I I I
noise
Vibration
=
I L Direct
‘!I I @L Mountings

éi [~ —— water pipe

I

I

Figure 21 : Noise from Vibrating Pipes
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(B) Practical Remedies
Air-borne Noise

e Use pipes with larger radius bends (see Figure 22) so as to
minimize vibration of pipe walls.

e Use rigid mountings around the bend with suitable vibration
isolators (see Figure 22) to minimize pipe vibration.

o Apply pipe lagging to damp the pipe ringing noise (see Figure
22).

o Use a larger pipe or adjust water flow velocities to below
2m/sec to minimize pipe vibration.

(Noise Reduction Up to 10 dB(A))

Residential building
l |
Rigid mountings with
suitable vibration isolators =
(e.g. rubber) 72"
b .77 Largeradius

Use of composite lagging i
(e.g- 50mm thick fibre glass ||
blanket as inner layer and :
13mm thick plastering or
loaded vinyl fabric as outer
layer)

20 2 20 2 VA A VAV VA VA Va Vo Vo VAV VA VAV Vo VA VA Vo VA VA VA Vo VAl

Figure 22 : Large Radius Bend and Pipe Lagging
69




(B) ERBILEGA

47 R IRA R

o FIFHBCRFCHVIES L (2518 22) DUR(KIEEERYES) -

o FIFIHCH S BERE Sy B IR AR E S EE L (2%[E 22)
LUBRME REE) -

o PRAMFERHEIRLURSTFEREISES (258 22) -

o PRAIBCRIAE SERRUKREE 2/RINER 2 0Kk > DUB(RIE

(LR A2 2 10 77H(A))
EEAH

B DL & R 2R
(140 - 1)

S B
Y s | |

FEF & picisEt (fran s ||
SORDRIEHIBGREMEENE ||
FASERIERIEICESE ||
FE ZIHHAEEINED

22\ BAFERIE [ VR E K

70



(B) Practical Remedies (Con’t)

Structure-borne Noise

e Use vibration isolators for attaching pipes to walls, ceilings or
floors (see Figure 23), thereby isolating them from the building
structure.

e Isolate pipes where they penetrate the slabs and walls by
compressible materials, such as rubber sleeve or glass fibre
packing (see Figure 23), thereby isolating them from the
building structure.

o Install pressure reducing valves to regulate water pressure and
hence the water flow, thereby reducing vibration of pipes.

(Noise Reduction Up to 20 dB(A))

Spring isolator
(See Appendix VIII)

Wall

-,

4 Vibration

1 1
TN ==
| @ 9-\ Rubber isolator

(See Appendix VIII)

[~ —— water pipe

Rubber sleeve or
glass fibre packing

Figure 23 : Vibration Isolation of Pipes
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(B) Practical Remedies (Con’t)

o Install pressure reducing valves to regulate water pressure and
hence the water flow, thereby reducing vibration of pipes.

Figure 24 : Pressure Reducing Valve
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5.2.2. Pumpsets

(A)

Noise Problems
Air-borne Noise

The major noise source of a pump is usually the bearing noise
as a result of bearing worn-out. However, the noise contributed
by the pump itself is small relative to that generated from its
associated motor. The major noise source of a motor is usually
the air movement induced by the cooling fan, which may cause
noise disturbance to nearby residents (see Figure 25).

Residential building

Figure 25 : Air-borne Noise from Pumpsets
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(A)

Noise Problems (Con’t)

Structure-borne Noise

Vibration from an operating pumpset may be transmitted to the
interior of the building through building structure when the
pumpset is directly mounted on a supporting structure without
proper isolation (see Figure 26). The vibration transmitted may
activate the building structure to generate noise which causes
noise disturbance to residents inside the building.

¢

e

A
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mp

$

™~ Mountings
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Figure 26 : Structure-borne Noise from Pumpsets
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(B) Practical Remedies
Air-borne Noise

¢ Replace worn-out bearing so as to reduce the noise.

o Erect a barrier between the pumpset and nearby residential
buildings (see Figure 27) so as to block the noise propagation
path (see Appendix VI).

o Fabricate a partial enclosure to contain and absorb the noise
energy radiated by the source (see Appendix V).

(Noise Reduction Up to 10 dB(A))

Barrier Residential building
(See Appendix VI)

baseplate

Figure 27 : Barrier for Pumpsets
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(B) Practical Remedies (Con’t)

o Fabricate a complete enclosure with silencers at inlet and outlet
of the enclosure (see Figure 28) so as to contain and absorb the
noise energy radiated by the source (see Appendix V).

(Noise Reduction Up to 30 dB(A))

Discharge silencer =~ Exhaust Complete enclosure
(See Appendix IX) fan (See Appendix 1V)

Residential building

Intake silencer
(See Appendix IX)

baseplate e s 1 4

Figure 28 : Complete Enclosure for Pumpsets
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(B) Practical Remedies (Con’t)
e Locate the pumpset inside a plantroom (see Figure 29) with

silencers at air inlet and outlet, and a soundproof door (see
Appendix XII).

(Noise Reduction Up to 30 dB(A))

Discharge silencer ~ Exhaust Complete enclosure
See A dix IX f See A dix I
(See Appendix IX) an (See Appendix IV) Residential building
Air %
out f— Intake silencer ‘ b
A (See Appendix IX) S
TR T
\Soundproof door \ Pump
(See Appendix XII) baseplate e A e
WA WA

Figure 29 : Plantroom for Pumpsets
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(B)

)

Practical Remedies (Con’t)

Structure-borne Noise

Provide an inertia block to support the pumpset (see Figure 30)
so as to add rigidity and stability to the pumping system, and
provide vibration isolators (see Figure 30) to support the inertia
block, thereby isolating it from the building structure (see

Appendix VIl and Appendix VIII).

Provide flexible connectors between the pump and associated
pipework, thereby preventing the vibration of the pumpset
being transmitted to the pipework (see Figure 30).

(Noise Reduction Up to 20 dB(A))

Z

NN

T[S

Flexible
connectors

5

™~ Mountings

Pump

\

Inertia block

2= - P ovoe s o (See Appendix VII)
S8 0 2o o002 oS8 02 ‘ . . .
Vibration isolators
s 3

P (See Appendix VIII)

baseplate

(0

3

=X

\Concrete plinth

Figure 30 : Vibration Isolation for Pumpsets
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5.3. Lift Systems
5.3.1. Traction Machines
(A) Noise Problems

Air-borne Noise

Noise generated from the traction machine may cause noise
disturbance to nearby residents. It mainly comes from the noise
from motors, mechanical noise of geared systems, and noise
from brakes.

. . Drive  Drive
Air-borne noise motor sheave  Brake

transmitted
through wall Kﬁ\ \ \

b

i -

_
e L PSR
R N A

3 ni

- Bedplate i

Reinforced
concrete
plinth

I

AN

piEEbiifii

Figure 31 : Air-borne Noise from Traction Machines
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(A)  Noise Problems (Con’t)

Structure-borne Noise

Vibration from the vibration impact of the traction machine
may be transmitted through building structure at points where
the machine is rigidly fixed to the structure without proper
isolation. The vibration transmitted may activate the building
structure to generate noise which causes noise disturbance to
residents nearby (see Figure 32).

pEi 1 K 111K ¢

%% Drive  Drive
motor sheave Brake

Structure-borne \
noise

iliim i - Bedplate

Hip

Reinforced

concrete
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H—

fn

:‘4
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Figure 32 : Structure-borne Noise from Traction Machines
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(B) Practical Remedies
Air-borne Noise

¢ Provide thick walls, sound absorptive materials and soundproof
door to plant room for traction machines (see Figure 33).

o Install silencers to air inlets and outlets (see Appendix IX).
(Noise Reduction Up to 10 dB(A))

Thick wall Sound absorptive material
3 ; = SemEmmmbeiei ¢
[ e
1 Drive Drive
| motor sheave  Brake
\ Soundproof
, V ; oor \
z ad a
:f'; - E_ i o Bedplate Of
el /e
g I i I / plinth
oo 2o g ot o o o”
3 nn 3

Figure 33 : Noise Absorption and Insulation in Plantroom for Traction
Machines
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(B)

Practical Remedies (Con’t)

Structure-borne Noise

e Use anti-vibration pad or vibration isolator (see Figure 34,
Figure 35 and Appendix VIII) and floating floor (see Appendix
X) between the vibrating machines and the fixed building
structure to avoid structural vibration transmission.

¢ Provide an inertia block with vibration isolators to support the
vibration machines.

(Noise Reduction Up to 20 dB(A))

3 [[] $
@ Drive Drive
motor sheave Brake
z \
% 52 )% Bedplate
3 <;éﬁ Bl i
% Anti-vibration
EZ g pad
: Reinforced
HH concrete
/ﬁ\ 1L J plinth
R+ T PR
[N £ T = 3
. H =

Figure 34 : Vibration Isolation for Traction Machines

Figure 35 : Anti-vibration pad for Traction Machines
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5.3.2. Guide Rails
(A) Noise Problems

Structure-borne Noise

Vibration from the vibration impact from the rolling or sliding
between the lift guide shoes and guide rails may be transmitted
through lift shaft wall which is part of the building structure.
The vibration transmitted may activate the building structure to
generate noise which causes noise disturbance to residents
nearby (see Figure 36).

Guide rail
mounting %% 2% i Guide shoe
R ) T _oigd
7 o@o O@ o N
S | | | | — mp——
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2% V Al 1 car
Structure-borne B
noise u u | — Guide rail
Joint of
H g guide rail
[T 1 P~
AR N
D mp—=

Figure 36 : Structure-borne Noise from Guide Rails
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(B) Practical Remedies

Structure-borne Noise

¢ Provide vibration isolation pads for the guide rail (see Figure 37
and Figure 38). This involves operational safety of the lift, lift
supplier should be consulted.

(Noise Reduction Up to 20 dB(A))

MM MM

Isolation pad ég % .
at guide rail |~ Guide shoe
. 1
mounting N o) T o |
3 W I 0. [y I3 3
| | — Car
||
H u | 4——— Guide rail
£
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::u
Joint of
Hi— guide rail
[T =

3 it &) b T3 g
WA
(Image Courtesy of CDM (Image Courtesy of

Stravitec) Mason Industries)

Figure 38 : Vibration Isolation Pads for Guide Rails
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5.3.3. Hydraulic Lifts
(A) Noise Problems

Air-borne Noise
Noise generated from the hydraulic lifts may cause noise

disturbance to nearby residents. It mainly comes from the noise
from the power unit, motor, pump and valves (see Figure 39).

MM MM
Air-borne noise
transmitted
through floor
3 SR AT,
Air-borne noise
| 4—+— Car

/‘/ . // e e s
Motor Pump Hydraulic
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Figure 39 : Air-borne Noise from Hydraulic Lifts
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(A)  Noise Problems (Con’t)

Structure-borne Noise

Vibration from the vibration impact of the hydraulic lifts may
be transmitted through building structure at points where the
machine is rigidly fixed to the structure without proper isolation.
The vibration transmitted may activate the building structure to
generate noise which causes noise disturbance to residents
nearby (see Figure 40).
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Figure 40 : Structure-borne Noise from Hydraulic Lifts
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(B) Practical Remedies
Air-borne Noise

e Provide plant room with sound absorptive material for the
power unit, motor and pump of a hydraulic lift (see Figure 41).

(Noise Reduction Up to 5 dB(A))

MM MM
3 3 ST
Sound absorptive
terial
. 8 materia . | 4| Car
7 } |
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Figure 41 : Plant Room for Power Units of Hydraulic Lifts
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(B)

Practical Remedies (Con’t)

Structure-borne Noise

¢ Provide inertia block and vibration isolators for the power unit
and pump of the hydraulic lift (see Figure 42, Appendix VII and
Appendix VIII).

(Noise Reduction Up to 20 dB(A))
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Figure 42 : Vibration Isolation for Hydraulic Lifts
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5.4. Emergency Generator Sets
5.4.1. Emergency Generator Sets
(A) Problems

Air-borne Noise

Noise generated from emergency generator sets may cause
disturbance to nearby residents. It mainly comes from the air
flow noise resulting from air turbulence at the air intake and
exhaust, compressor noise of turbocharger, combustion noise of
internal combustion engine, fan noise and mechanical noise
from engine and generator (see Figure 43).

Residential building

Alternator Engine

7 A
b el

Figure 43 : Air-borne Noise from Emergency Generator Sets
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(A)  Noise Problems (Con’t)

Structure-borne Noise

Vibration from an operating generator set may be transmitted to
the interior of the building through building structure when the
generator set is directly mounted on a supporting structure
without proper isolation. The vibration transmitted may activate
the building structure to generate noise which causes noise
disturbance to residents inside the building (see Figure 44).
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R 8
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Figure 44 : Structure-borne Noise from Emergency Generator Sets
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(B) Practical Remedies

Air-borne Noise

e Locate the emergency generator sets inside a plantroom (see
Figure 45 and Figure 46) with thick walls, sound absorption
materials, soundproof door and silencers at air inlet and outlet.

(Noise Reduction Up to 30 dB(A))

Sound absorptive Exhaust
material silencer ﬁ
il =
................ X N
S g Residential building
Alternator Engine | @
& ] =

I
I

Silencer

: [

Figure 45 : Noise Insulation of Emergency Generator Set Plant Rooms

=T

Sound insulation Soundproof door  Silencers at air
layer on walls inlet and outlet
Figure 46 : Plantroom for Emergency Generator Sets
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(B)

Practical Remedies (Con’t)

Structure-borne Noise

e Provide inertia blocks and vibration isolators to support an
emergency generator set (see Figure 47), thereby isolating from
the building structure (see Appendix VIII).

¢ Provide flexible connectors between the machine and associated
pipework to avoid structural vibration transmission (see Figure

47).

e Use vibration isolators for attaching pipes to walls, ceilings or
floors (see Appendix VIII).

(Noise Reduction Up to 20 dB(A))
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Vibration Isolation for Emergency Generators
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5.5.

Defective Implementation of Noise Mitigation Measures

5.5.1.

5.5.2.

Defective implementation of
a vibration isolator a vibration isolator

Noise Leakage through Noise Barriers or Enclosures

The presence of holes, slits, cracks or gaps through noise
barriers and enclosures can reduce the noise isolation
performance significantly. The problem is rectified by sealing
up of the gaps.

Short-circuited Vibration Isolators

Short-circuiting of vibration isolators greatly affects the
vibration isolation and thus the structure-borne noise reduction
performance. An example of defective implementation of
vibration isolators is shown in Figure 48. The metal spring had
been tightened up by building management due to a lack of
understanding of the vibration isolation mechanism, leaving no
clearance for the functioning of the vibration isolator, causing
excessive transmission of structure-borne vibration to the
receiver within the building. The problem is rectified by
reinstating the initial setting of the metal spring, leaving the
metal spring to vibration freely to achieve the desired vibration
isolating performance.

Normal implementation of

Figure 48 : An Example of Defective Implementation of Vibration Isolators
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5.6. Important Note

The above only suggests solutions for a particular noise problem. In real life,
the noise may be caused by more than one source. In those cases, several
remedies may be required simultaneously to solve the problem.

. Erect barrier Complete
Air-cooled : Install P
’ or partial floating floor enclosure
chiller enclosure with silencers
Air-borne Water Erect barrier Install Complete
noise cooling or partial acoustic mat enclosure
tower enclosure and vent with silencers
Install

Reduce fan . Complete
Fans speed dl_scharge enclosure

silencers

Ventilation Systems
Air-cooled
Q\\\\ chiller

Provide

vibration

i isolators

Structur_e borne Water
noise .
cooling
tower
Inertia block .

Fans with vibration |~ iexible
- connector

isolators
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Pump
bearing
Air-borne
Pipe

Structure-borne

\\\\\ noise

7

Pump

Pipe

Replace
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bearing

Erect barrier
or partial
enclosure

Pipe with
large radius
bend

Pumping Systems

Inertia block
with vibration
isolators

Isolate pipes
from building
structure by
compressible
materials
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Traction

Machine Install Install
Air-borne absorption Soundproof
noise Material door
Lift

Install vibration

W

Guide Rail isolators
Structure-borne
noise
Traction Install Inertia Install
Machine block with Vibration
vibration isolators
Exhaust/
Exhast fan Install
Silencer
Air-borne
noise
Install Install Install Wall
Generator Soundproof Silencer Absorption
Door Material
Emergency Generator Set
O
Exh
Structure-borne Xhaust Install
noise Pipe Flexible
connector
Install
. Install
Generator Ir_1ert|§ blogk Vibration
with vibration isolators
isolators
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5.7. Recommended Practical

Levels
The following

recommended practical

Remedies for Different Exceedance

remedies for different noise

exceedance levels are for reference purpose only. No guarantee is given to
the performance of the application of the recommended remedies. The reader
is advised to seek professional advice from independent experts in case of
doubts or complicated problems.

Table 5 : Recommended Practical Remedies for Ventilation System Noise

Cause of Problem

Noise Exceedance
Level (dB(A))

Recommended
Practical Remedies

A::-I?Ome Noise from <10 Barrier and/or silencers
Chillers - -
10to 20 Partial enclosure and silencers
Complete enclosure and silencers
>20 X
Floating floor
Structure-borne Noise <20 Vibration isolators
from Chillers -
>20 Relocation
Air-borne Noise from Acoustic mat, barrier and lined vent
- <10
Water Cooling Towers cowl
10t0 20 Partial enclosure and silencers
>20 Complete enclosure and silencers
Structure-borne Noise <20 Vibration isolators
from Water Cooling B
Towers >20 Relocation
Fan Noise in Ductwork <5 Duct opening away from receiver
Fan speed reduction
51010 Silencers
Duct opening away from receivers
>10 .
Silencers
Structure-borne Noise <20 Inertia block and vibration isolators
from Fans -
>20 Relocation
Rumbling Duct Noise <5 Stiffening of the vibration duct
surface
>5 Damping materials or composite

lagging
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Table 6 : Recommended Practical Remedies for Pumping System Noise

Cause of Problem

Noise Exceedance

Level (dB(A))

Recommended
Practical Remedies

Bearing Noise <15 Bearing replacement
>15 Quieter pump or pump relocation
Whining Pump Noise <10 Barrier
10to 20 Partial enclosure
>20 Complete enclosure and silencers
Structure-borne noise Inertia block and vibration isolators
from Pumps <20 -
Flexible connectors
> 20 Pump relocation
Ringing pipe noise No sharp bend
<10 Pipe lagging _
Low water flow velocities
Rigid mounting around the bend
>10 Partial enclosure
Structu_re-borne noise Isolation of pipes
from Pipes <20 Vibration isolators
Pressure reducing valve
>20 Piping system relocation
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6. Glossary of Acoustic Terminology

A-Weighted Decibel (dB(A)) - The A-weighted decibel is a unit for
measuring noise taking into account the
way human ear responds to sound.

Air-borne Noise - Noise arrives at a point of interest by
propagation through air.

Frequency - The number of repetitive variations of
sound pressure per unit of time which is
usually stated in Hertz (Hz).

Noise - Noise is any sound which at the time of
reception is unwanted or disturbing.

Sound Power Level - A measure, in decibels, of the total
acoustic power radiated by a given
sound source. It is independent of any
reference distance or other extraneous
factors.

Sound Pressure Level - A measure, in decibels, of the sound
pressure at a particular point. It is
dependent upon distance from the
source and many other extraneous
factors.

Structure-borne Noise - Noise arrives at a point of interest by
propagation through a solid structure.
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Appendix |
Statutory Control Over Noise

Noise generated from electrical & mechanical systems is controlled by
means of Noise Abatement Notices which may be served on owners or
operators of the systems if the emitted noise at a given Noise Sensitive
Receiver (NSR), such as a residential building or a school, does not comply
with the objective technical criteria in the form of Acceptable Noise Levels
(ANL) as set out in the “Technical Memorandum for the Assessment of
Noise from Places other than Domestic Premises, Public Places or
Construction Sites” (TM).

For a given NSR, with the assessment point at 1 m from the exterior of the
building facade the ANL in dB(A) is presented in Table 7. However, under
certain conditions specified in the TM, when the assessment point is at an
internal location of a building, the ANL shall be 10 dB(A) less than that
shown in Table 7 and is presented in Table 8. Most of the building services
system noise problems are due to vibration transmitted through building
structure and Figure 9 is usually applicable. For details of determination of
appropriate  ANL, the reader is advised to make reference to the
aforementioned TM.

Table 7 : Acceptable Noise Level (dB(A)), at 1 m Fagade

Time Period Day and Evening Night
Type of Area (0700 to 2300 hours) | (2300 to 0700 hours)
Containing the NSR
Urban Area 65— 70 55— 60
Rural Area 60 — 65 50 - 55

Table 8 : Acceptable Noise Level (dB(A)), at an Internal Location

Time Period Day and Evening Night
Type of Area (0700 to 2300 hours) | (2300 to 0700 hours)
Containing the NSR
Urban Area 55-60 45-50
Rural Area 50-55 4045
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Appendix 11
Noise Prediction

A simplified air-borne noise prediction method is given below. The reader is
reminded that the results obtained from the following procedures should be
regarded as indicative data only. The prediction method is inapplicable to
noise transmitted through building structure. In case of any doubts, the
reader is advised to seek independent experts for technical advice.

Step 1 — ldentification of the Most Affected Noise Sensitive Receivers (NSR)
Any domestic premises, hotel, hostel, temporary housing
accommodation, hospital, medical clinic, educational institution,
place of public worship, library, court of law or performing arts
centre is considered to be a NSR. In general, the nearest NSR
facade with windows, doors or other openings with respect to the
concerned noise sources shall be identified.

Step 2 — Sound Power Levels (SWLs) for Noise Sources
Typical SWLs of electrical & mechanical equipment are given in
Appendix Il for reference. The directivity characteristic of some
E&M system (e.g. fan & chiller) may need to be considered for a
more accurate prediction. Where practicable, sound power level of
individual noise source should be referred to the information
provided by the respective manufacturers.
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Step 3 -

Step 4 —

Step 5-—

Appendix Il (Cont’d)

Distance Attenuation

The plan distance or where appropriate, the slant distance between
individual noise source and the most affected NSR shall be
determined and the corresponding distance attenuation shall be
obtained from Table 9. These values shall be subtracted from the
individual sound power levels for each noise source to give the
individual sound pressure levels for each noise source at the NSR.

Summation of Noise Levels
All individual sound pressure levels for each noise source at the
NSR shall be added logarithmically in accordance with Table 10 to
give a summed noise level.

Correction for Acoustic Reflections
In case the NSR is a building, a positive correction of 3 dB(A)
shall be applied to the noise level obtained in Step 4.

Please note that a correction of 3 dB(A) or 6 dB(A) for tonality,
impulsiveness or intermittency may be required to apply to the noise level
obtained in step 5. For details, please refer to the Technical Memorandum
for the Assessment of Noise from Places other than Domestic Premises,
Public Places or Construction Sites.
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Appendix Il (Cont’d)

Table 9 : Distance Attenuation at Given Distances

Distance (m) | Attenuation (dB(A)) | Distance (m) | Attenuation (dB(A))
1 8 30t0 33 38
2 14 341037 39
3 18 381041 40
4 20 42 to 47 41
5 22 48 t0 52 42
6 24 531059 43
7 25 60 to 66 44
8 26 67 to 74 45
9 27 751083 46
10 28 84 t0 93 47
11 29 94 to 105 48
12 30 106 to 118 49
13 30 119 to 132 50
14 31 133 to 148 51
1510 16 32 149 to 166 52
171018 33 167 to 187 53
19to 21 34 188 to 210 54
221023 35 211to0 235 55
2410 26 36 236 to 264 56
271029 37 265 to 300 57

For distances greater than 300m, calculation of distance attenuation should be based on
standard acoustical principles and practices.

Table 10 : Summation of Noise Levels

Difference in dB(A) Between Amount in dB(A) to Add to the
Two Noise Levels Being Summed Higher Noise Level

0to 0.5 3.0

10to 15 25
2.0t03.0 2.0
35t045 15
5.0t0 7.0 1.0
7.51t012.0 0.5

More than 12.0 0

Noise levels should be summed in a pairwise fashion when Table 10 is used and the final total
rounded to the nearest whole dB(A), with values of 0.5 or more being rounded upwards.
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Appendix Il (Cont’d)

Example:

Two equipment (a fan and a pump) having sound power levels of 95 dB(A)
and 100 dB(A) respectively are installed outdoors. The most affected noise
sensitive receiver is identified to be a residential flat which is at 20 m and 25
m away from the fan and the pump, respectively. The sound pressure level at
the residential flat contributed by the two equipment is estimated below.

NSR Noise SWL Distance Distance Noise
(Step 1) Sources (dB(A)) (m) Attenuation | Level
(Step 2) (dB(A)) | (dB(A))
(Step 3)
. . Fan 95 20 34 61
Residential Flat
Pump 100 25 36 64
Summed Noise Level (dB(A)) (Step 4) 66
Correction for Acoustic Reflection (dB(A)) (Step 5) 3
Noise Level at NSR (dB(A)) 69
ANL (see Table 7) 60
Noise Exceedance 9

Recommended Practical Remedies (see Table 5 and Table 6 in Section 5.7):
- barrier for the pump
- silencer for the fan
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Appendix 111
Typical Sound Power Levels of Electrical & Mechanical Equipment

The following sound power levels for various rating of equipment are given
for reference purpose only (See Table 11 to Table 14). Where practicable,
the sound power level of the concerned equipment should be referred to the
respective manufacturers. Super low noise model of Electrical & Mechanical
Systems on the market could be 6 to 9 dB(A) lower.

Table 11 : Typical Sound Power Levels of Air-cooled Chillers

Cooling Capacity (Ton) Sound Power Level (dB(A))
50 100
100 102
150 103
200 105
250 106
300 106
350 107
400 109

Table 12 : Typical Sound Power Levels of Water Cooling Towers

Horsepower of Fan (hp) Sound Power Level (dB(A))
10 96
20 99
30 101
40 102
50 103
60 104
70 105
80 105
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Appendix 111 (Cont’d)

Table 13 : Typical Sound Power Levels of Fans

Volume Flowrate Sound Power Level (dB(A)) at Static Pressure

(mé/hr) 125 Pa 750 Pa

1700 79 95

8600 83 99

17000 85 101

34000 89 105

43000 90 107

86000 93 110
170000 97 113

Table 14 : Typical Sound Power Levels of Pumpsets

Rotational Speed Horsepower of Pumpset Sound Power Level
(rpm) (hp) (dB(A))

5to0 10 100

11to 20 103

3600 211030 105
31to 50 107

51to 100 109

5to 10 92

11to 20 92

1800 2110 30 94
31to 50 97

51to 100 100
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Appendix IV
Complete Enclosures

When a noise reduction of 20 dB(A) or more is required, it is generally
necessary to use a complete enclosure if the noise problem is a result of air-
borne noise transmission. The enclosure should be internally lined with
50 mm thick sound absorbing material (e.g. fibre glass). A variety of
materials can be utilized for fabricating an enclosure. The sound
transmission loss for enclosures using different materials are given in
Table 15. Ventilation of enclosures should not be overlooked as most
equipment, such as motors, requires an adequate air supply either to prevent
overheating or to enable them to function efficiently. A silenced ventilation
system incorporating silencers at the air intakes and discharge openings
should be employed (see Figure 16 and Figure 28).

Table 15 : Sound Insulation Materials for Enclosures

Material Thickness Surface Sound Reduction Index, Rw
(mm) Density (dB)
(kg/m?)
Plastered Brick Wall 125 240 45
Compressed
Strawboard 56 25 38
Acoustic Panel
(Sandwich type steel 50 27 26
sheet with fibre glass)
Chipboard 19 11 27
Plaster board 9 9.5 28
Plywood 18 10 27

_ . ;".’;P.'
Figure 49 : Complete Enclosures
(Image Courtesy of Kinetics Noise Control Inc.)
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Appendix V
Partial Enclosures

Partial enclosures are structures erected around a source of noise, but not
fully enclosing the source and leaving space for natural ventilation, which
will be effective only when there is no line of sight between the noise source
and the receiver. The use of partial enclosures has advantages over complete
enclosures in terms of cost, accessibility, and ventilation, but design and
construction should be done carefully. Ideally, a reduction of up to 20 dB(A)
can be achieved.

Partial enclosure

Noise source

Figure 50 : Partial Enclosures
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Appendix VI
Barriers

To be effective, an acoustic barrier needs to be placed as close as possible
either to the noise source or the receiving position. There should be no gap
or joint in the barrier through which noise will leak. The surface density of
the barrier must be at least 10 kg/m?. Ideally, the length of the barrier should
be at least 5 times its height. Line of sight between the source and the
receiver must be cut off completely.

A reduction of noise level of between 5 dB(A) to 10 dB(A) can generally be
resulted. Noise reduction will be greater if the barrier is lined with sound
absorbing material at the surface of the barrier facing the noise source or is
extended as high as possible above the line of sight.

Extend barrier height to

/ enhance noise reduction

Noi I
Propz(:;;ion 1‘ : : 44
<« 9
< [
< vyvv
) v
Noise source vvv

Sound
absorbing

material

Figure 51 : Barriers
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Appendix VII
Inertia Blocks

A heavy and rigid inertia block is often used as the base for equipment in
order to reduce motion, lower the centre of gravity, minimize the effect of
unequal weight distribution of the support equipment, and stabilize the entire
vibration isolation system. Generally an inertia block should be at least 15¢cm
thick and very stiff and rigid to avoid significant flexure in any direction.
Table 16 shows a recommended weight of inertia block for various rating of
equipment.

However, when the mass of the supported equipment is enormous, there may
be no need for additional mass in the form of inertia blocks; a rigid frame to
support (e.g. Reinforced Concrete Beam) the entire assembly may be
sufficient.

Table 16 : Guide for Inertia Block Selection

Weight Ratio (1) at
. Power Speed - —
Equipment (hp) (rpm) Min Area Normal Critical
(2) Area (3) Area (4)
<3 All - -- 2
<600 -- 2 3
Centrifugal | 310125 | 600 to 1200 - - 2
or Axial > 1200 -- -- 2
Fans <600 - 2 3
> 125 600 to 1200 -- 2 2
> 1200 -- 2 2
450 to 900 15 2t03 3to4
<20 900 to 1800 25 15t025 2t03
> 1800 25 15t025 2t03
450 to 900 2to3 2t03 3to4
Pumpset 20to 100 | 900 to 1800 15t025 2t03 2t03
> 1800 15t025 15t025 2t03
450 to 900 2to3 3to4 3to4
> 100 900 to 1800 2to3 2t03 2t03
>1800 15t025 2t03 2t03
Note:

1. Weight Ratio: Weight of inertia block over weight of equipment mounted on inertia block.
2. Minimum Area: Basement or on-grade slab location.

3. Normal Area: Upper floor location but not above or adjacent sensitive areas.

4. Critical Area: Upper floor location above or adjacent sensitive areas.
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Appendix VIII
Vibration Isolators

Motor-driven equipment vibrates during operation. The method of reducing
vibration transmission to other sensitive areas is to separate the equipment
from the supporting structure by vibration isolators. Generally, there are two
types of vibration isolators, metal springs and isolation pads that are widely
used for vibration isolation.

i) Metal Springs

Springs are particularly applicable where heavy equipment is to be isolated
or where the required static deflections exceed 12.5mm. Static deflection of
a spring is a value specified by the suppliers. Selection of appropriate springs
is important as this may result in poor isolation efficiency or even
amplification of vibration, especially in the case that the vibration frequency
is extremely low.

The most important feature of spring mounts is to provide good isolation due
to its ability of withstanding relatively large static deflection. Metal springs
however have the disadvantage that at very high frequencies vibration can
travel along the spring into the adhered structure. This is normally overcome
by incorporating a neoprene pad in the spring assembly so that there is no
metal-to-metal contact. Most commercially available springs contain such a
pad as a standard feature. Figure 52 shows some common spring mountings.

Table 17 provides the minimum static deflection required for achieving
particular isolation efficiency at different equipment speeds.
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(Image Courtesy of Kinetics Noise Control Inc.)

Figure 52 : Metal Springs
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Appendix VIII (Cont’d)

Table 17 : Minimum Static Deflection for Various Speed of Machines

. Minimum Static Deflection at
Machine Speed Various Transmissibility (mm)

(rpm) 1% 5% 10% 15%
3600 14.0 15 1.0 0.5
2400 30.5 35 2.0 15
1800 56.0 6.0 3.0 2.0
1600 715 7.5 4.0 3.0
1400 91.5 10.0 55 4.0
1200 1245 135 7.0 5.0
1100 150.0 155 8.5 6.0
1000 180.5 19.0 10.0 7.0
900 223.0 235 12.5 9.0
800 282.0 30.5 15.5 11.0
700 - 385 20.5 14.0
600 - 53.5 28.0 195
550 - 63.5 33.0 23.0
400 - 117.0 61.0 43.5
350 - 155.0 815 56.0
300 - 211.0 109.5 76.5
250 - - 157.5 109.5

Note:

1. The above static deflections are obtained by theoretical calculations, which are for
reference only.

2. For fair and high degree of vibration isolation, transmissibility should be less than 2.86%,
or the ratio of driving frequency of source to natural frequency of mounting system should
be equal or greater than 6.

3. It is strongly advised that the ratio of driving frequency of source to natural frequency
(f,,) of the mounting system should not be less than 1.4, otherwise vibration amplification
may likely occur.

4. The reader is also recommended to consult independent experts for installation involving
vibration isolators with high static deflections.

5. Natural frequency (f,) = 158

J[static deflection (in mm)
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Appendix VIII (Cont’d)

ii) Isolation Pads

Isolation pads can be made of rubber, neoprene, glass fibre or combination
of them. They are relatively cheap, easy for installation and replacement, and
have the advantage of good high-frequencies isolation. However, attention
should be given to the life of the isolation pads as some of them can be
damaged by overload or low temperature. Figure 53 shows some common
isolation pads.

(Image Courtesy of Kinetics Noise Control Inc.)

Figure 53 : Isolation Pads
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Appendix IX
Silencers

Silencers are commercially available devices that allow the passage of air
while restricting the passage of sound generated from air distribution
equipment. They subdivide the air flow into several passages each lined with
perforated sheet backed by mineral wool or glass fibre. For rectangular duct
silencer, the cross section is normally required to be the same as the duct in
which it is installed due to the space limitation. To reduce the pressure loss
and airflow generated noise, the silencer splitter shall be designed with
streamline-shaped nose, such as dolphin nose, bull nose or round nose.
Silencer lengths are normally in step of 300 mm starting from 600 mm to
3,600mm. While for circular silencer, the outer diameter is normally larger
than the duct in which it is installed since absorption lining is required to be
fixed inside the outer shell. Silencer lengths are normally the same as or 2
times the inner diameter of the silencer. They are generally specified by the
insertion loss in decibels (dB) in each octave band, so that the degree of
match with the sound power distribution of the noise source over the
frequencies may be judged. The other important parameter associated with
silencers is the resistance to air flow. The use of silencer will inevitably
increase the load of the fan and it is essential for engineers to consider both
the acoustic and air flow performances during the design stage.

.-r" oo

Circular Silencer Rectangular Silencer

(Image Courtesy of NAP Acoustics (Image Courtesy of Industrial
(Far East) Limited) Acoustics Company (HK) Ltd)

Figure 54 : Silencers
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Appendix X
Floating Floors

A floating floor is a floor which is supported by a structural slab but is
completely isolated from the structural slab by resilient support members, so
it is nowhere in rigid contact with the structure slab. The floating floor acts
as a protective covering for the structural slab. Impacts, no matter in the
forms of vibration or noise, on the floating floor will be absorbed
substantially before reaching the structural slab. As a result, the room below
the structural slab is much quieter than it will be if the same impacts directly
strike the structural slab.

Figure 55 shows two types of floating floors which are supported resiliently
on isolation pads and fiberglass insulation board. To prevent potential
damage of a floating floor, it must be structurally designed for proper
strength and the applied load should be within the design limits and
uniformly applied. For any type of floating floor, the construction must be
monitored carefully to ensure proper installation as it is usually very difficult
to remedy defects after completion of the installation.

Face of wall Caulking Precompressed Face of wall Caulking Precompressed

insulation board insulation board
—/\,— —'\,—

Floating Floating
Slab Slab
= o Lo O o o
o © 050.9 "0
Plywood fors 22l o £ Plywood
v ot = or S e
. ] Sa
Vapour = - Vapour
barrier s barrier
AR
Structural Insulation Isolation Structural Fibreglass
slab board pad slab insulation board

Figure 55 : Floating Floors
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Appendix XI
Acoustic Louvres

Similar to silencers, acoustic louvres are also commercially available devices
that allow the passage of air while restricting the passage of sound generated
from noisy spaces. They act much the same as ordinary louvres but consist
of hollow acoustic vanes instead of flat sheet vanes. The acoustic vanes, with
the underside (the side facing the noise source) formed from perforated sheet,
are filled with sound absorptive material. A typical construction of an
acoustic louvre is shown in Figure 56. The acoustic performance of an
acoustic louvre is specified by the transmission loss in decibels (dB) in each
octave band. This enables a direct comparison to be made between the
performance of the louvre and a solid wall/structure which it probably
replaces. Since an acoustic louvre is a very short attenuator, it is appropriate
only where the length of space is restricted and the noise reduction
requirement is low. Acoustic louvres are frequently installed in the facades
of buildings where they are architecturally acceptable and provide a requisite
amount of noise attenuation to prevent creating unacceptably high noise
levels outside.

Wall _ |/§

Seal all around

\

o

Frame

Upper face

VA

Perforated under face

&

LR

Sound absorbing O

k) y 5
material N

Figure 56 : Acoustic Louvres

161



F -
T EE

HOMERESAE L) - i R R T AR R SR bR - AR
SRR 38 [R5 7T RE PRl b DR 22 el ga LAY IR BR— R T BE B P
HOBEEIEARF - PR A S OB R EERE R - WEE R E R
HIEmE ( mREsEEIR ) BCLUEFLAEN - B 56 BUn— MR o i
WIS - (B O SRS —FERER RV EF R EF /R
& o B A DUE PR B T R L AV BES TR PR R 23R - FR
PR A T (EIRE A RS o B B E AR ZE 2 R LR A
FOHBESKERRITEIL MM - MR Z - AR O S a
LA R IR M LATR (4t P 7 H M 5 DR DRk S A R SR N EE R A RE R

R

QE

=
moo
A

bl

it
)|
&l

&///AY
\
3

W

656 - B TR

162



Appendix XI1
Soundproof Doors

The sound insulation provided by a door depends not only on the type of
door but also on installation details (e.g. the gaskets around the perimeter).
Generally, rubber or plastic compression seals, which are set around the door
edges, provide the best result of insulation when closing the door. The
degree of sound insulation of a door is usually specified by sound
transmission class (STC).

Table 18 gives typical STC values of some conventional types of doors.
However, if doors are required to have STC values greater than 30, it is
recommended that packaged soundproof door units are to be employed.
They are usually supplied with them fixed in a frame together with suitable
seals. A variety of soundproof doors is available in the market, offering
average STC values up to 45 which is equivalent to a 112mm brick wall.

Table 18 : Sound Transmission Class of Doors

. Surface Sound
Type of Door Th('::;?; s Density Transmission

(kg/m?) Class
Hollow-core wood 45 7 20
Solid-core wood 45 17 26
Steel-faced door 51 16 26
Fibreglass-reinforced plastic door 45 12 24
Fire rated metallic door 53 61 45

Figure 57 : Soundproof Door
(Image Courtesy of NAP Acoustics (Far East) Limited)
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Appendix X111
Vibration ldentification Guide

The causes of excessive vibration or noise of a machine can be detected by
vibration measurements at various frequencies. A vibration identification
guide is given in Table 19.

Table 19 : Vibration Identification Guide

Cause of Excessive Vibration Frequency Relative to Machine Speed
Unbalance 1 xrpm
Defective sleeve bearing (10 to 100) x rpm
Misalignment of coupling or bearing 2 x rpm, sometimes (1 or 3) x rpm
Bent shaft (L or2)xrpm
Mechanical looseness (L or2)xrpm
Defective belt (1 or 2) x belt rpm
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Appendix XIV
Guidelines for Centrifugal and Axial Fan Installation

Turbulence results in the generation of noise and an increased static pressure
drop in the system. Therefore, the air flow at the entrance and exit of a fan
should be as smooth as possible to minimise the generation of turbulence.
For this reason, fitting (such as elbows and transitions) should not be placed
too close to a fan. This is illustrated in Figure 58 and Figure 59, which show
examples of good and bad air flow conditions for fan installation.

~—A—

Bad if A< 3B

;<-U:J->

Bad if A< 3B
Very Bad if turning vanes are deleted

Bad if A< 1.5B

Bad if A<1.5B
R=6’’ minimum

Figure 58 : Guidelines for Centrifugal Fan Installation
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Appendix XIV (Cont’d)

——— Not Recommended 1

=K

Upstream radius elbow
creates imbalance at inlet.

Recommended —

o
& {:»(g

Square inlet elbow with vanes

?é{:a»(g

Abrupt inlet transition
causes turbulence.

—H

Gradual (1:7) expansion
of inlet duct

=

Asymmetrical transition creates
excess turbulence and noise.

=

Symmetrical transition minimize
turbulence and noise.

A (5

Motor upstream of impeller increases
turbulence and noise.

i = &%

Motor downstream from impeller
minimizes turbulence and noise.

=N ;
—_ )l —

A flanged fan inlet reduces
performance and increases noise
| J

Ni=E

A bellmouth inlet guides air
into the impeller blade tips.

Figure 59 : Guidelines for Axial Fan Installation
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Appendix XV
Examples of Practical Noise Control Measures

Some noise control measures are shown in Figure 60 to Figure 65 for
reference.

NN
-~
Orientation of Exhaust Outlet
Away from Noise Sensitive Receivers

(Before Noise Mitigation) (After Noise Mitigation)

Installation of Complete Enclosure and Discharge Silencers
Noise Reduction: > 20 dB(A)

Figure 60 : Examples of Noise Control Measures for Ventilation Systems
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Appendix XV (Cont’d)

(Before Noise Mitigation)

Installation of Acoustic Panels /Lourvres around the Chiller Sets
Figure 61 : Examples of Noise Control Measures for Air Cooled Chillers

iy A
.

(Before Noise Mitigation) (After Noise Mitigation)

4

Installation of a Discharge Silencer

Noise was significantly reduced after and was found way below the ambient level
(57 dB(A))

Figure 62: Examples of Noise Control Measures for Ventilation System for
Lift Machine Room
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Appendix XV (Cont’d)

(Before Noise Mitigation) (After Noise Mitigation)

Installation of Silencers for the Exhaust Air System of Generators Sets
Noise Reduction: > 25 dB(A)

Figure 63: Examples of Noise Control Measures for Emergency Generator
Exhaust

Neoprene Pad

Plastic Rug
A~

s

> 7]
RN o g R
Small isolation pads (Neoprene pads) A plastic rug was placed over the ground,
were inserted between the machinery covering the base of the machinery

and the ground.

Figure 64: Examples of Inefficient Noise Control Measures for Chillers
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Appendix XV (Cont’d)

Flexible
Connectors
Vibration
Isolators
Installation of Inertia Block, Vibration Installation of Spring Hangers and
Isolators and Flexible Connectors Flexible Connectors

- Installatlon of Isolatlon Pads Insertlon of FIeX|bIe Sleeve at
Wall Penetration Locations of Pipes

Figure 65 : Examples of Noise Control Measures for Pumping Systems
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Appendix XVII
Other Relevant Noise Control Materials

Description Web Site Address

Noise Control Ordinance, https://www.elegislation.gov.hk/hk/cap400
Cap. 400

https://www.epd.gov.hk/epd/sites/default/files/epd
/an_pdf/GN2014P152-2014c-e.pdf

A Concise Guide to the Noise
Control Ordinance

Technical Mefmora_mdt;m for the https://www.epd.gov.hk/epd/sites/default/files/epd
Assessment of Noise from [english/

Place_s other thgn Domestic envir_standards/filessfGN2014P108-2014c-e.pdf
Premises, Public Places or

Construction Sites
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