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What is a good ground value?

Ideally the ground resistance of a systemis zero ohms. 2.1

But in reality, the goal is to achieve the lowest ground resistance
possible that makes sense economically and physically.

2.2

* NFPA & IEEE: Recommends a ground resistance value of
5.0 ohms or less

* Telecommunications Industry: Often uses 5.0 ohms or
less as their value for grounding or bonding

* NEC: Make sure the systemto ground is 25.0 ohms or less.
In facilities with sensitive equipment, it should be 5.0 ohms or
less. (source — NEC 250.56)

=5 —

EARTHING - EARTH ROD

a) The earth electrode shall be of mild steel inner core with bonded hard drawn copper
sleeve.

b) The diameter of steel core shalll not be less than 16 mm with the sleeve of at least 2 mm
thick. Each electrode shall be at least 2.4 m long. The penetrating end of the electrode
shall be made of hardened steel.

c) The portion of the tape connecting the pressure clamp to the test clamp shall be 600 mm
below ground level or as shown in the drawings.

d) Earth mat comprising a number of earth rod as specified shall be provided as shown on
the drawings. They shall be connected together by copper tapes of 50 mm x 6 mm
cross-section buried 600 mm underground so that the overall earth resistance shall be
less than 1 ohm for Electrical System and HKE’s Equipment, less than 3 ohm for
Generator System and Telecommunication System, and less than 10 ohm for lightning
protection system.
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An Investigation for the Feasibility of
Minimizes the Acoustic from Building Services
Problems in Commercial Building (part2)

Chapter 3

Improvement of “unwanted noise”
in commercial building

\Sound insulation and absorption

3.1.1 Sound insulation

(

damping

Figure 10 — Damping insulation diagram

It is important to avoid confusion between sound

absorption and sound insulation.

(@) Sound absorption is the prevention of reflection
of sound or alternatively, a reduction in the sound
energy reflected by the surfaces of a room.

(b) Sound insulation is the prevention of trans-
mission of sound or alternatively, a reduction
of sound energy transmitted into an adjoin-
ing air space.

Two types of sound insulation are to be dealt

with in building construction:

Ken Luk Wai Chung

(@) Airborne Sound Insulation : the insulation
against noise originating in air, €.g. voices, mu-
sic, motor traffic, wind. In commercial building,
the system noise comes from fan and pump
motoring, vertical transportation up and down
lifting, through the air transmission media.

(b) Impact Sound Insulation: the insulation against
noise originating directly on a structure by blows
or vibration e.g. footsteps above, fumniture being
moved, driling and hammering the structure, etc.

]

3.1.2 Sound absorption

( reflected noise

transmitted
noise

incident noise
(source)

absorber

Figure 11 — Absorption diagram

Materials had porous fibrous and sometimes
covered with protective membranes. Noise en-
ters the absorber and is partly dissipated (ab-
sorbed) within the material. Some is transmitted.
Some is reflected. Absorber performance is ex-
pressed as a decimal value. A perfect absorber
is rated at 1.00. The higher the decimal value the
more effective the absorber will be.

A

An Investigation for the Feasibility of Minimizes....
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Noise Reduction Coefficients

of Materials SR
Brick, unglazed .05
Concrete block .05
1/8" pile carpet 15
5/16" pile carpet and foam 35
Concrete floor .00
Plaster, smooth finish .05
Plywood paneling, 1/4" thick .10
Water surface (as in swimming pool) .00
1" thick fiberglass curtain .70
3" thick "SONEX" wedge foam .86
4" thick smooth surface foam .89
4" thick metal panel 95

Table 4 - Noise Reduction Coefficients of
absorption materials

It was because we have defined sound as a form
of energy. Sound absorption is the ability of a ma-
terial to transform acoustical energy into some
other form of energy, usually heat. All materials
absorb some acoustical energy. Some materials
such as gypsum board absorb it poorly, reflect-
ing most of the energy that strikes their surfaces,

Today’s mechanical & electrical .
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while other materials such as fiber glass insula-
tion absorb most of it.

Measuring sound absorption: The decimal frac-
tion of the sound energy absorbed and not re-
flected by a material is termed its sound absorp-
tion coefficient. As materials absorb different
amounts of sound energy at different frequen-
cies, sound absorption coefficients are mea-
sured at one-third octave band center frequen-
cies from 125 to 4000 Hz.

Building materials are generally rated by their
noise reduction coefficient (NRC). This single
number rating is the average of the sound ab-
sorption coefficients of a material at 250, 500,
1000, and 2000 Hz, rounded to the nearest .05.
A material is usually considered to be a sound
absorber if it has a NRC value greater than 0.35.
The sound absorption performance of a mate-
rial is commonly published as a table of sound
absorption coefficients at octave band center
frequencies from 125 to 4000 Hz. For exam-
ple, Table 4 gives sound absorption data for
CertainTeed CertaProTM Commercial Acous-
tic Board, Type CB 300 for reference.

SOUND ABSORPTION COEFFICIENTS
AT OCTAVE BAND CENTER FREQUENCIES, Hz

Type CB 300 (unfaced) | Thickness 125 250 500 1000 | 2000 | 4000 | NRC
1"(25mm) | 0.08 | 025 | 0.72 | 088 | 093 | 094 | 0.70

1'4" (38mm) | 0.10 | 0.51 0.89 | 095 | 092 | 093 | 0.80

2" (51lmm) | 0.21 0.73 1.08 1.04 1.04 | 096 | 0.95

215" (38mm) | 0.31 0.81 1.08 1.02 1.04 1.03 1.00

3" (76mm) | 0.41 0.96 1.13 1.03 1.03 1.02 1.05

314" (89mm) | 0.72 1.14 1.11 1.00 1.02 1.00 1.05

4" (102mm) | 0.75 1.18 1.09 1.00 1.00 1.02 1.05

Table 5 - Sound absorption
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A new single number rating for sound absorp-
tion that will be replacing the NRC over the next
several years is the Sound Absorption Average
(SAA). This is the average of the sound absorp-
tion coefficients of a material from 200 through
2500 Hz inclusive. As is the case with the NRC rat-
ing, a material is usually considered to be a sound
absorber if it has a SAA value greater than 0.35.

Note that sound absorption tends to increase
with material thickness (but does not always do
s0). Also note that some values exceed 1.00. It
is of course impossible for any material to ab-
sorb more acoustical energy than that which
strikes its surface. However, sound absorption
measurements of highly absorptive materials of-
ten yield sound absorption coefficients greater
than 1.00 due to diffraction effects. These values
are reported as required by the test standard.
When using sound absorption coefficients in cal-
culations, values above 1.00 should be reduced
to values less than 1.00. Differences noise level

reduction coefficients as small as 0.05 in which
cannot be detected by the human ear.

The sound absorption coefficients of a material
are used to calculate the sabins of absorption
when that material is used. The sabin is the unit
of measure of sound absorption in the English
system of units. It is equal to the sound absorp-
tion coefficient of material times the area of the
material used. For example, if a material has a
sound absorption coefficient of 0.57 at 500 Hz
and 250 square feet of this material is used in a
room, then the sabins of absorption for this ma-
terial at 500 Hz is 0.57 x 250 = 142.5 sabins.
The sabins of absorption are used to calculate
noise reduction in a room and reverberation time
which are discussed in later paragraphs.

To be an effective sound absorber, a material

@)
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must have interconnecting air pockets or cells.
For example, the fiber glass insulation is a very
good sound absorber because it has many in-
terconnecting air pockets. Other effective sound
absorbers, called resonators, typically employ
small perforations or slots that allow sound to
enter but not to escape easily. Wood slat panels
and slotted concrete masonry units operate on
this principle.

Sound absorption is used to control or reduce
sound within a room, unlike sound transmission
loss—which is used to describe the transmis-
sion of sound from one room to another.

In addition to reducing the sound level in a room,
the addition of sound absorption in a room can
also reduce the room’s reverberation time. This
is the time in seconds that it takes for a sound
to decay or decrease 60 dB in level. For good
speech intelligibility, the reverberation time in a
room should be less than 1.0 seconds.

As was discussed in the section Sound trans-
mission and noise control, when a noise source
is enclosed to reduce the transmission of noise,
the inside surface of the enclosure should be
covered with a sound absorbing material. This
is because a noise enclosure with high sound
insertion loss properties will increase the noise
level inside the enclosure because the sound is
trapped inside the enclosure.

mAcoustic Design

3.2.1 Acoustic installation in commer-
cial building

3.2.1.1 From the design stage of an commercial
building, the building architectural or Acoustic
Consultants Division had responsible for offers
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an extensive range of services in relation to the
assessment, measurement, prediction and anal-
ysis of noise and vibration within the building and
architectural acoustics sector. Expertise covers
the full range of building types and projects and
the Company endeavors to provide clients with
relevant, high quality, cost-effective advice to
achieve silent environment.

After takeover the property, the landlord, man-
agement teams, or occupants themselves can
consider the flexibility to fix additional acous-
tic enclosure in affected area of the building.
There are many kinds of acoustic enclosures
can be selected to fix to avid noise transmis-
sion directly to affected within the commercial
building. An acoustic enclosures offer a cost
effective solution to one or a number of noise
sources within a working environment. Con-
sideration should be given to maintenance
access, product access, services, ventilation
and visual requirements all of these factors
will affect the performance of the enclosure.
Acoustic Control Systems will design the en-
closure in consultation with users and mainte-
nance personnel, supply and fit the enclosure
to suit your requirements.

Figure 12 — Acoustic workshop
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An example of one of our acoustic rooms is
shown below the room encapsulated noisy ma-
chines within a workshop and isolated person-
nel working outside, on the shop floor, from the
noise of the machines inside.

3.2.1.2 Acoustic Barriers offer another solution
to a noise problem where the noise source must
not be enclosed, for example where air circula-
tion or frequent access is required.

Acoustic panels can be supplied custom manu-
factured to your requirements. The panels are
manufactured from sheet steel and can be sup-
plied in a variety of constructions and finishes to
suit your application and noise reduction require-
ments please contact us for further information
and prices.

3.2.1.3 In MVAC system, fan noise can be
treated in two ways either by fitting duct si-
lencers or acoustic enclosures around the
fans. Sometimes a combination of both is re-
quired. We can measure and assess fan noise
on site and design equipment to suit your re-
quirements. Below are examples of fan acous-
tic enclosures and silencers

Figure 13 - Compressor room treatment Figure
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Figure 14 — Fan enclosure

3.2.1.4 Live reverberant (echo), noisy rooms
can be made more desirable by the addition of
sound absorbing equipment below are two ex-
amples of room acoustic control:

Figure 16 — home acoustics

mAcoustic Maintenance Management

3.3.1 Workmanship and Maintenance

Monitoring and regular inspection in both of E &
M system should be performed even in the con-
struction, installation, alternative and additional
works. This was equivalent of the workmanship
mentioned in regarding to even in environmental
noise (acoustic) management system that car-
ried out by professional engineer or competent
person.

Good workmanship should be continuously car-
ried out in building services management, which
was not only in acoustic management. The
sound cannot be seemed indirectly, but avoid
by insulation method (From the following chap-
ter, | will proved that NC testing or observed by
the best way for restrict the acoustic enclosure
which isolated / separated with affect another
system.

From the MVAC system in commercial building,
in order to prevent increasing noise produced
by existing equipment, it is necessary to put in
place a regularly scheduled equipment mainte-
nance programme, so that equipment is properly
operated and serviced in order to maintain con-
trolled level of noise and vibration. Good prac-
tice of new installation was important to avoid
or minimize the noise created from the building
services. Meanwhile, good maintenance may in-
clude lubricating moving parts, tightening loosen
parts, inspection of vibration devices, acoustic
material checking, replacing worn out compo-
nents or inspecting equipment alignment, etc.
Vibration measurements at various frequencies
may help to detect causes of excessive vibration
or noise of a machine.

A
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Chapter 4

/ Methodology of acoustic management
solutions /

m3election of Method

4.1.1 By interview
A. Reasons for interview

- Specific knowledge

Interview is quite different from questionnaire; it
was because of the subject involved some tech-
nical and professional knowledge between the
systems. Accordingly some of idea should be
subjective or different apprehension. By visit with
Fellow Professional, | learned from a short-inter-
view that in order to obtain technical advices,
specific comments and professional knowledge
for explanations on the problems of unwanted
noise in the existing building service in commer-
cial building

- Easy for interview

Find out the research from face to face inter-
view, via directly conversation with some fellow
professional of their experience, share-feelings,
technical opinion and personal advice confabu-
late in which attest, analysis or even responsive
my investigation.

- Selection of interviewee

Have higher qualification and experience in relat-
ed to soundproofing system and acoustic man-
agement in fellow who will become the object for
interview.

Interviewee A: Ir. Jeffrey Yung, Associate Director,
Technical Service and Facility Management who
worked in ISS EastPoint Property Management
Limited, Cyberport Facilities Management Office
in Cyberport — main famous intelligent commercial
building in Hong Kong. Ir. Jeffrey Yung was also
the Honorary Secretary 2006-2008 of Society of

® .....
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Operation Engineering (Hong Kong Section).

B. Interview Schedule

According to the interviewee for the time and
location of interview can accommodated with
them. Basically, all of them should be made ap-
pointment in advance for invite to accept 30-45
minutes interview. The schedule of interview can
be found in the following:

Location: Meeting room at Cyberport Fa-
cilities Management Office Unit
401, L4, IT Street, Core A, Cy-
berport 3, 100 Cyberport Road
at 20:00 to 21:00 on 17 April
2008

Date and Time:

C. Questions of interview

There are totally 10 questions to be prepared for
interview which related to acoustic system and
advices for affected to Facilities Management.
The questions are shown in the following clause
4.2 information collection.

4.1.2 By Experiment on site testing
Technical theory and investigation through on-
site sub-sequence testing, calculation with sup-
porting statistic analysis, code of practice and
other issues.

On site testing will be carried out at the new com-
mercial building addressed, Cheung Sha Wan
909 (One of a new typical commercial building
located at Kowloon side in Hong Kong) concern-
ing with the acoustic arrangement in works.

A. Reasons for on-site testing

- Easy for testing

Close by MVAC and Pump room with working
environment — Cheung Sha Wan 909 where
there is general acoustic enclosure (by using
gypsum board and sound foam material ) to cov-
er / enclose the surrounding area from running
mechanical motor but somewhere was without
proper enclosure. We had taken the measure-
ment from time to time in which to investigate
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the different sound level measured in both of
under operation or static condition (measure the
background noise only).

Therefore, it was very easy to measure the differ-
ent figures between the well acoustic manage-
ment and without anything;

- Selection of testing

Aim to attest the result of NC testing system by
using typical sound level meter which is more
sensitive affected by surrounding environment
proximity. It should be connecting with some
other reliable some accurate electronic equip-
ment to support, e.g. Analog Soundproof-
ing Oscilloscopes. Alternatively, testing will be
more expensive, cost inefficiency and needed
to laboratory support certificate. As the testing
result should be proofed by historical theory we
learned before.

B. Preparation and Process

- Testing schedule

Simple material and tools, testing devices, aux-
iliary & equipment should be well prepared. The
test was carried out by me and assisted by my
dear technical colleagues at the commercial
building in Cheung Sha Wan 909. Assume the dif-
ferent chiller water pumps were under uninterrupt-
ed operation while testing period except the by-
pass operation was pre-set to avoid system failure.
Thus, we turn off partial pump in testing by man-
ual and enable the pump(s) for sequence test-
ing. Meanwhile, we stay in chiller water pump
room for the whole days for carry out the sound
testing; in order to prevent our ears, ears plug
must be worn on time.

From the chiller water pump room at R/F, we try to
measure the sound level from different period of build-
ing system operation schedule within a one hour.

- Testing equipment

Unwanted noise especially between Chiller plants
and pumping system occurred during mainte-
nance, repairing, reinstatement work and other

29

new project. Measurements for background noise
will be taken at the specification locations.

o /,' i
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Figure 17 - TES-1350A Sound level meter

- Testing procedures

A calibration check will be carried out on the

precision integrating sound level meter with the

sound level calibrator. Measure for system noise
will be taken at the specified locations.

From the following floor plan shown the clouded

area was the existing chiller plant room on R/F of

Cheung Sha Wan 909. Referring to Appendix | -

Roof plan of Cheung Sha Wan 909, where there

are chiller water plant room and adjacent A/C

Chiller room without any acoustic design even

though new commercial building recently.

We are now preceding the noise measurement

just in the chiller water plant room:

1. Establish the proper sound level testing
point surrounding the chiller water pump-
ing system from the east, south, west and
north direction of pumps far from the distance
1 to 2.5m from the different testing point to place
between Chiller Water Pump No. 1 to 4 (from left
to right). Referring to Appendix Il — Chiller water
plant room at R/F of Cheung Sha Wan 909

2. Prepare acoustic barring material - These
barriers sized in 1.2M in height and 2.2M in
width have timber finishes on both sides and
blends well. The absorptive face consists of a
black breathable membrane, 25 x 25 black weld
mesh and 17 vertical chamfered timber trim at

A
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the bottom. Five barriers named as B1, B2,

B3, B4 and B5 in sequence from left to right.
Referring to Appendix Il — Testing point and
acoustic barrier in Chiller water plant room This
test is to determine the airborne sound insulation
of chiller pumping building system. The mea-
surement is performed in a special sound level
meter in which the transmission of sound on air
paths is suppressed. This result of the testing
was anticipated from the following parameter
accordingly in which to indicate the sound trans-
mission from airborne sound insulation:

Today’s mechanical & electrical .
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1. Distance of testing point — how many sound
transmission from the source of noise;

2. Measurement period — Indicate the period of
system noise;

3. Barrier placed — Compare with the different
from the acoustic management approach;

4. Consolidate the aforesaid information to analy-
sis the functional of the acoustic control from
the media of airborne sound insulation.

The testing and resultant sound levels in details

are listed as follow:

1 1 All 10:01 10:15 Without barrier 120
2 2 All 10:16 10:30 Without barrier 124
3 3 All 10:31 10:45 Without barrier 135
4 4 All 10:46 11:00 Without barrier 136
5 5 All 11:01 11:15 Without barrier 130
6 6 All 11:16 11:30 Without barrier 101
7 1 1 12:01 12:15 With B1 86
8 1 1,2 12:16 12:30 With B1, B2 82

9 2 1 12:31 12:45 With B2 124
10 2 1,2 12:46 13:00 With B1, B2 84
11 3 1 14:01 14:15 With B2, B3 90
12 3 1,2 14:16 14:30 With B2 126
13 4 2,3 16:01 16:15 With B3 94
14 4 3 16:16 16:30 With B3, B4 91

15 5 34 16:31 16:45 With B4, B5 90
16 5 4 16:46 17:00 With B4 85

17 6 34 17:01 17:15 With BS 83

18 6 4 17:16 17:30 With B4,B5 86

Table 5 - Sound absorption

4.1.3 Case study

From the experience sharing with interviewee,
who met with the similar case of acoustic sys-
tem. Cases also explored from the complaints of
client in my working environment, Cyberport, the
end user who reflected the existing “abnormal

and unwanted noise" problem from suspended
building service system.

We can also find out some information from the
device indicator, trend-logged data and com-
pared with the advice from him. It was because
there is Intelligent Building Management System
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(IBMS) to monitor the building system operation
in Cyberport since 24 hours. The abnormal noise
was suspended comes from adjacent MVAC
system, for example, VAV box, air fans or return air
pressure, etc. The technical operator tried to adjust
the air flow or operating schedule from BMS if the
helpdesk received call of noise. The source can be
identified if the condition was improved immediate-
ly, and we will arrange to modified the “source" by
in-house staff that can be shown and identify the
evidence of captioned which is true or false.

mnformation collection

Conversation of interview

Hereinafter, sort only one interviewee in namely
Ir. Jeffrey Yung (JY) in conversation.

Firstly, | asked them that in their opinion, what
are the advantages / disadvantages of acoustic
management if found unwanted noise in the ex-
isting building system. JY mentioned the highest
sound level make mostly civil servant or officer’s
temper annoyed and impatient. The unwanted
noise in building system from Cyberport was
mostly comes from chiller plant, the second was
pumping system and air side system in office
area at Cyberport. Of course, the relationship
between the designated system and acoustic
management was directly affected how many
level of “noise" was measured. Ir. Jeffrey Yung
foresee the level of noise concerned that the
higher dB was measured when partially chiller
pump was under operated, the technician must
wear the ear protective equipment in case of re-
pair or maintenance to protect the ear.

From the air side system, the air changes from
Air Handling unit (AHU) transfer to variable air vol-
ume (VAV) boxes to the working spaces through
nozzle where are sound of the “wind" from the
variable air pressure from static to variable con-
dition was being affected across the duct, fitting
and control device. This sound of the wind will
give the office a continuously nuisance from a
quiet environment office area.

By on-site testing

By using sound level meter to measure the
sound (dB) close proximity with operating sound
generated by Chiller plant and fresh water pump
occur from it, | take five or six testing points from
different co-ordinates within specific period to
test how many “unwanted" noise occur during
building system operation. Based on the loca-
tion of the testing point, which and how many
pumps was operating on time and which one or
more barrier was enclosed to reflect or absorb
the noise from the pumps.

By Case Study

- Complaint of abnormal noise due to the vari-
able air change from AHU to VAV box in Cy-
berport occurred sometimes, the situation was
always concerned with the pressure setting of
the opening of VCD between the air ducts in the
office area.

From some of fit-out works of tenant, the dis-
turbance sound was always explosed without
adequate enclosure of fitting out working area.
In some office area, except the return air or fresh
air supply will provide to the working area, there,
to avoid the disturbance of neighbor office area,
the technical team of facilities management of-
fice must remind the tenants’ contractor or
project coordinator should pay attention on the
ambient factor in case of acoustic control while
proceeding the fitting out work before starting to
work.

mlnformation analysis

Similarly, the data analysis can be separated by
different method of research. Justification can be
proceeding, summarized and consolidated the
major consideration as result.

By interview:-
From conclude the answer of the three inter-
viewee, | can know that the general problem

A
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which facing to the status of how does acoustic
management was carry out as the same as my
assumption. Of course, the information should
be externalized due to individual interview.
Even the subjective by only one interviewee, Ir.
Jeffrey Yung, but there are many major advice
especially not carried by facilities management
but earlier involved are highly recommended.
They also emphases the survival value of prac-
tice for minimize the acoustic problems and
common technical point of view that should be
solved by other solutions.

By on-site testing:-

Examination on site testing either individually or
in the combined method, data obtained to evalu-
ate the noise level, reaction, weakness, etc. and
the resultant information for statistical analysis to
prove that acoustic enclosure is right or wrong
of installation after tested. Six testing points con-
cluded that reflect for achievement of the acous-
tic enclosure coverage can absorb / restrict the
sound transmission of building system through
the air the theory of overcome the nuisances of
noise by different isolation ,proper location from
partitioned separation from air-spaces, isolated
by different acoustic materials, etc.

By Case Study -

The following outstanding issue was major ad-

vice that should be investigated for studies the

probability of minimize the problems of noise

and establish the well acoustic management:

e Selection of material is correct or not;

e Workmanship in installation;

e Acoustic protection, insulation, separation
or others;

e Space (zoning) consideration;

e FEvaluation of the valuable for cost invest-
ment in equipment;

e Benefit review in initial and running cost;

e Effectively and efficiency of cable manage-
ment;

e Others.

Today’s mechanical & electrical
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From above methodology, information, data
analysis and advice should be summarized in
mainly five criterion which can be outline the
feasibility for improvement of acoustic prob-
lems from building service system in commercial
building:

1. Recognition of the distance of the acous-
tic material between the sources of noise is
essential from airborne sound transmission
testing

2. Existing remediation methods are enough
for minimize the noise problems in commer-
cial building

3. Root causes of the unwanted noise were
generated between air and structure trans-
mission compare with the others.

4. How can we fix the problems or even if mini-

mize the level of unwanted noise from the
commercial building.
Except acoustic control from building sys-
tem can be consider to fix, for example,
the acoustic barrier, enclosure, louver, anti-
vibration device and installation, etc.

5. From facilities management point of view,
how can we do if the system operation af-
fected the occupant in commercial building?

mPerformance analysis

e Analysis of the case study.

From integrated analysis in consolidated re-
search summary, abstract the main and com-
mon points for analysis. Subjective advice and
objective case studies reflected the actual situa-
tion of acoustic control / management from the
operation of existing building system in commer-
cial building. The different advice and suggestion
from interviewee, the discussion should be valu-
able for outline if two or more of them agreed or
reflex the same advices.

Different from the research method of question-
naire, the figure(s) cannot be assessed by calcu-
lation or statistic method. Case studies sharing
could be analysis the situation in history that was

.,
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believable.
e Solution or recommended action and justifi-
cation.

Some technical guidelines for avoiding noise

problems in acoustic management as:

1. Individually packaged acoustic control with
system separated (or zoning) in the location
of building system. For example, individual
damping on the chiller pump and aluminum
metallic enclosure with sandwich rock wool
material

2. Shielded enclosure or soundproofing mate-
rial could be used.

3. Good craftwork from material selection, in-
stallation to the maintenance stage in earlier
design (acoustic) management.

4. Additional monitoring equipment is neces-
sary if budget approved.

e (General lessons to be learnt from the case
study.

From my learning of electrical engineering
course in 1990, laboratory test carried out to
assess the sound transmission characteristic
and studying the acoustic protection theory.
Nowadays, the on-site testing is adequate for
me to prove the theory into practical applica-
tion. In working experience, negative finding
(sound control) in acoustic management can
be bought me to think about the solution in my
limited knowledge.

From studying the building service engineering,
the view had been changed into broadly and
forward-looking. Though the dissertation, com-
bined with cost consideration, the feasibility of
minimization for acoustic control should be fa-
cilities manageable but long-term investment is
needed.

Cost saving and reliability of sound
improvement

Owing to maintain the continuously for mini-

mize the acoustic problems and prolong the
comfort (office) working environment due to
acoustic management, the selection of ma-
terials in construction stage should be con-
siderate properly investment even though the
professional workmanship with technical skill
and allocate the goods and material. Archi-
tects must consider the further management
in building service system with proper acoustic
control and discussed with Engineers as pos-
sible. Aims to improvement the nuisance, dis-
turbance or affects from the design stage to
Management Company. Recently, most of the
commercial building would like to be rented
for some office tenant or occupant because
of their business; decoration cost should be
valuable for target stability on minimize the
noise comes from internal office area. And the
building owner can consider providing specific
acoustic facilities, controlling device or addi-
tional installation which can improve the con-
dition.

But | regret that the acoustic management was
not still common or attention in most of existing
commercial building in Hong Kong. As we also
understanding, from long term, the maintenance
cost can be trimmed down or not in which sub-
ject to the compatibility between the acoustic
and building service management. Therefore,
some acoustic facilities or installation can be
found especially in some of the large-scale of
commercial development buildings.

Minimize the problems from build-
ing service system

4.6.1 Design and project stage

From the commercial building service or facili-
ties, we found that the location of equipment
affected the office area in majority. The instal-
lation position of equipment is of critical impor-
tance in determining the noise level at the af-
fected noise sensitive receivers (e.g. residential
buildings or schools). From this paper, in the

A
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commercial building, where practicable, the
equipment should be placed in a plant room
with thick walls or at a 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. If noisy equipment
has to be placed near a receiver due to spa-
tial or other constraints, sufficient noise con-
trol measures should be considered. Some
chiller plant was located in the podium where
enclosed by acoustic panel and it’'s a ventila-
tion system of a new development, which has
been equipped with adequate noise control
measures in the design stage to prevent noise
problems. And vice versa, the other pumping
system of a new development was as similar
as MVAC system.

Of course, Architect can consider if the build-
ing facilities and related services system can be
designated with well acoustic control, for ex-
ample, anti-vibration device on each motorized
equipment, soundproofing, location of the plant
rooms and acoustic building design, etc in which
can be minimized the noise problems from com-
mercial building.

4.6.2 Selection of material

On average, quieter equipment may generally
be more expensive. But it always can protect
at least 90% of unwanted noise from the build-
ing services if properly selection of acoustic
material.

However, it is almost always more economical
in the long run to buy quieter equipment than
to reduce noise by modification after purchase
(e.g. silent type chillers or water cooling tower
and silent type pumps). Most equipment has a
range of readily available noise control devices
that are able to deal with the noise problems.
It is advisable that noise levels specification is
included when ordering new equipment. This
allows the equipment suppliers to select ap-
propriate equipment and optional noise con-

Today’s mechanical & electrical

S

trol devices to suit the acoustic requirements.
A. Sound absorption material -

Sound Form

The two most commonly-used sound absorp-
tion materials are high-quality acoustic foam
and specialized acoustic fiberglass (no, not the
stuff you buy at the hardware store). It will be
generically call acoustic foam just plain "foam,"
although there are very dramatic differences
in cell structure and density between acous-
tic foam and the thousands of other types we
could manufacture.

In addition to the two most popular types of
acoustic absorption materials, “Auralex" of-
fers a Class A, fire resistant, natural fiber panel
called “SonoFiber". “SonoFiber" acoustic pan-
els are the perfect solution for those budget-
conscious projects requiring a Class A fire rat-
ing without the aesthetic demands of designer
treatments such as fabric-covered panels.
Acoustic sound absorption foam is well-suited
to alleviate slap and flutter echo, the two most
common problems in rooms not specifically de-
signed for music recording and performance. In
fact, foam can turn even the most cavernous
warehouse or gymnasium into a suitable acous-
tic environment

Honeycomb panel

This is an extremely economic sound absorp-
tion product. It is a flexible, self-extinguish-
ing, open-cell, polyurethane foam. Ideal as a
sound absorber principally in the mid to high
frequency range. Low frequency absorption
and/or vibration damping characteristics may
be enhanced by the addition of various films,
membranes and barrier layers. Recycled Foam
Absorber without facing

Facing
This is the other sound absorption material lay
on the wall surface which usually in pump room,
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chiller plant or high thermal effect environment.
An aim to absorb the sound comes from the me-
chanical equipment, facilities or installation.

Figure 18 - Black PVC coating applied to pro-
filed Sound Foam 0

Rockwool

Rockwool stone wool has an open fibrous struc-
ture making it ideal for absorbing and regulating
noise. Rockwool products reduce ear-deafening
noise from machines or the activities of people,
and provide ambient situations that allow normal
conversation.

Rockwool sound range is specially designed to
provide a comprehensive choice of sound in-
sulation that meets the requirements of the ap-
proved soundproof performance in basis.

B. Sound insulation material -
Acoustic insulator (Fiberglass ceiling,
insulation board, panel, etc)

Acoustic blanket

There are many types of noise insulation quilted
blankets. They are extremely flexible with a high
degree of durability and fire resistance, and are
resistant to most common fluids, mineral oil and
petroleum.

They can be supplied in our standard sheet
size or can be supplied as individually tailored
parts to suit your own particular application.
The blankets can be stitched and edge bound
and can also be supplied with eyelets or Velcro
for fixing. There is the most flexibility that ma-
terial to be used for sound insulation / separa-
tion

62

Damping

Noise damping sheet is a self-adhesive pad
used for sound and vibration damping on met-
al panels. The adhesive side is smooth, giving
complete contact with the underlying surface
without air pockets or channels. It is odorless,
wear-resistant and impregnated to prevent the
absorption of water. Both the pad material and
adhesive can withstand temperatures between
-30°C and +120°C (-22°F to +248°F) and are
highly resistant to aging

This was use to reduce noise radiated from vi-
brating surfaces. Damping sheets (coatings) take
many forms. These are mastics for spraying,
troweling, etc. and there are tapes and sheets
with pressure sensitive adhesive. Damping treat-
ments are sometimes combined with absorbers.
This is expressed as a "loss factor" which is the
damping/stiffness ration of a material.

4.6.3 Acoustic protection

There are sound transmission through walls
from the building, thus, the sound insulation in
the plant / system rooms should be protected.
Noise Barrier may be installed in conventional
wall construction.

The barrier is like a big slab of 1/8" thick cheese,
heavy and limp. The SAB is like a big shredded
wheat. Both are easy to cut with a knife and nei-
ther is meant to be left exposed outdoors but
could be left exposed indoors.

The actual difference between the "staggered
stud" and the "standard stud" arrangement
(diagrams below) differs very little with regards
to acoustic performance. A great deal of differ-
ence can be realized by replacing the Fiberglas
filler with our S.A.B. (sound attenuation board)
because it is roughly 10 to 12 times as dense as
standard fiberglass batts while only 2" thick.
Official testing is not available using our S.A.B. as
part of these 2 diagrams and therefore no pub-
lished result can be provided. Tests do show that

A
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the NRC (Noise Reduction Coefficient) of Nomi-
nal 6 pound per cubic foot S.A.B. has an NRC of
1.05 (for 2" thickness) which is estimated to be
4 times higher than standard building insulation.
Additionally, while it is not published, nominal 6
pound per cubic foot S.A.B. also adds to sound
transmission loss (the actual reduction of sound
transmission through a substance or combination
of substances) because it weighs about 1 pound
per s.f. (the same as the "EB1" barrier, itself).

For better results still, consider using a decoupling
layer of foam tape (we stock in 1-1/2" x 54" rolls )
This is installed between the drywall and the bar-
rier and/or the barrier and the framing members to
"decouple" the sheeting from the rest of the wall
system. See "helpful diagrams" below.

Material for providing acoustic protection against
a source of noise, the material comprising a
substrate and resonators, wherein said reso-
nators formed on the substrate are constituted
by thread-like and/or area-occupying compos-
ite elements whose structural characteristics
(density, modulus of elasticity, shear modulus,
damping factor, piezoelectric factor, etc. ...) and
whose shape and/or size are selected to asso-
ciate a predetermined resonant frequency with
each resonator, and also to absorb the sound
pressure energy from the noise source at said
resonant frequency and dissipate it in the form of
mechanical heat energy and/or electrical energy.
The invention also relates to apparatus consti-
tuted by a wall including at least one layer of the
above material.

Chapter 5

' Evaluation for the Benefit of Acoustic
Management /

Allow for possible changes in re-
quirement after installation

In modification work of cable system, the use of
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different kinds of soundproofing material could
be more reliable in problem preventive or mini-
mization. Even if the building service system
cannot be changed or don’t be removal, or had
been installed or rectified, the acoustic con-
trol was additional install by the party of build-
ing takeover (building management company)
mostly. But it should be easier to change or im-
prove because the acoustic modification without
any large amount of additional cost and bulky
independent control system. Thus any additional
anti-vibration system (in prevent structure born
sound transmission) or acoustic enclosure ma-
terial (in prevent the air born sound transmission)
in pre-set installation.

Prolong the lifespan of equipment
and reduce the sound generation

e Building structures and their production
technologies for buildings and structures,
industrial and agricultural purpose in con-
ventional and severe geotechnical condi-
tions under seismic and it acoustic impacts;

e Moveable structures to avoid structure
borne and vibration;

e Building mechanics of buildings and struc-
tures in different building service conditions
and their operation consideration in terms of
acoustic management;

e Building acoustic and thermal technology;

e Methods and means of study of building
structures including additional soundproof-
ing installation, barrier, tools, equipment.

Strengthen the acoustic comfort in
the building

5.3.1 Consider the developments of criterions
of valuations of levels rustled from sources of
noise, acoustic properties of materials and build-
ing constructions, and also parameters of an
acoustic climate in locations and from the out-

side of locations;
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5.3.2 The creation of bases for installation of an
acoustic climate in commercial buildings, and
also in an environment;

5.3.3 The creation of specifications for construc-
tions, building service system arrangement that
answer acoustic norms, and also equipment
and installations;

5.3.4 The guard from unfavorable influences of
an environment in space management (between
the system and building management in terms
of acoustic control) and behind their limits to be
consider especially in the design stage.

Chapter 6
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Recommendation of acoustic man-
agement

In general, | would like to explain from MVAC and
pumping building system in the building

which is the most serious in unwanted noise
while the system in operating affected the nearby
occupant in office area.

A. MVAC system
Noise generated from air-cooled (or water-
cooled) chillers may cause noise disturbance
to nearby the office area. It mainly comes from
the air flow noise resulting from air turbulence
at condenser fans and compressor noise during
running and on/off cycle of refrigerant. There are
some remedial methods for minimize the prob-
lems:

1. FErect a barrier or partial enclosure between
the plant and nearby residential buildings so
as to block the noise propagation path

2. Fabricate a complete enclosure with silenc-
ers at condenser fan outlets and at air inlets
of the enclosure so as to contain and ab-
sorb the noise from the chiller when there
are noise sensitive receivers all around

Install floating floor so as to reduce air-borne
noise transmission through floor slab when
the floor underneath is a noise sensitive re-
ceiver.

Vibration from a water cooling tower’s and
other supply or return air fans operation
may be transmitted indoors through building
structure at points where the cooling tower
is rigidly fixed to the structure without proper
isolation. The vibration transmitted may acti-
vate the building structure to generate noise
which causes noise disturbance to residents
inside the building. Provide vibration isola-
tors to support a cooling tower, thereby iso-
lating it from the building structure

The noise problem associated with fans
may cause noise disturbance to nearby resi-
dents. 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.

Reduce the speed of fans at non-rushed
hours.

Divert duct openings away from receivers
Install a silencer at air discharge point of a
fan so as to absorb noise generated from
the fan.

Fabricate a complete enclosure to contain
and absorb the noise energy radiated by the
source

Air flowing through ducts induces vibra-
tion at the duct wall, which generates rum-
bling 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 office
area:

Stiffen the vibrating duct surface with sup-
porting webs so as to reduce the movement
of the vibrating surface.

Apply damping material to the vibrating duct
surface so as to reduce the movement of vi-
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brating surface.
e Apply composite lagging of sound absorbing
materials to contain the radiation of noise.

B. Pumping system

1. Water flows in a pipe causing vibration at the
pipe wall and generating broadband noise
which may cause noise disturbance to near-
by the office in the building. When the water
flow changes direction suddenly because of
obstacles in the pipe such as sharp bends
or valves, a loud noise is generated this be-
comes louder with increasing water flow rate
and pipe size.

e Use pipes with larger radius bends so as to
minimize vibration of pipe walls.

e Use rigid mountings around the bend with
suitable vibration isolators to minimize pipe
vibration.

e Apply pipe lagging to damp the pipe ringing
noise

e Use a larger pipe or adjust water flow veloci-
ties to below 2m/sec to minimize pipe vibra-
tion.

2. Vibration from the water flow in pipes may
be transmitted from the pipe runs to the inte-
rior 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. The vibration transmitted may acti-
vate the building structure to generate noise
which causes noise disturbance to residents
inside the building:

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

* |[solate pipes where they penetrate the slabs
and walls by compressible materials, such
as rubber sleeve or glass fibre packing,
thereby isolating the abnormal sound trans-
mission from the building structure.

e |nstall pressure reducing valves, water ham-
mer, water arrestor, frequency inverter to
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regulate water pressure and hence the water
flow, thereby reducing vibration and sound
transmission through the pipes.

3. Vibration from an operating pump set may
be transmitted to the interior of the building
through building structure when the pump set
is directly mounted on a supporting structure
without proper isolation. The vibration trans-
mitted may activate the building structure to
generate noise which causes noise distur-
bance to residents inside the building:

e Provide an inertia block to support the pump
set so as to add rigidity and stability to the
pumping system, and provide vibration iso-
lators to support the inertia block, thereby
isolating it from the building structure

e Provide flexible connectors between the
pump and associated pipe work, thereby
preventing the vibration of the pump set be-
ing transmitted to the pipe work

mConclusion

In order to achieve adequate immunity to nui-
sance from noise in building services effectively
and economically, it is essential to consider the
compatibility on the building system at all stages
of design, especially in the earlier design stage of
commercial building construction. The develop-
ment, manufacture and installation of equipment
can foresee how many building services system
are used and how to manage it flexibility on the
issue on soundproofing and noise. Early involve-
ment of Facilities Design & Management can be
considerate that the importance should be raise
out at the beginning of construction stage.

From the cable manufacturer, the shielded, iso-
lation, system operation and overall protection
should be anticipated. The implementation of
preventive measures at a late stage will almost
certainly result in extra effort and cost, may cre-
ated a reputation for unreliability. Design and in-
stallation guidelines can provided how can mini-
mize the acoustic problems in the buildings.
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The outcome from investigation to merge with the culture of existing building service system, develop-
ment of acoustic management in building service engineering, | believed that the flexibility of operation
by using acoustic installation is the one of the technical problem in building service system of com-
Except the involvement of building service management and congenital factors, for
example, space, investment in acoustic management, foresee-ability and preventive maintenance.

Cost should be critical in acoustic management due to maintain the system under normal or good opera-
tion in quality and management even though acoustic material and installation to be used.. Developer must
be consider and balance on the investment and how can get it back or beneficial in business enhancement

mercial building.

of commercial building.
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