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L: The adjusted sound pressure level (dB)
L, : The sound pressure level of the background noise (dB)

L, : The mix sound pressure level of floor impact sound and the background noise (dB)

Diagram of testing setting Pictures of the field experiment
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Fig. 3. The experiment settings

Table 2. The background information and testing locations of these condominiums

Condo NO. Construction Space Numbers
A Reinforced Concrete Al
B Reinforced Concrete B1, B2
C Reinforced Concrete C1,C2
D Steel Construction D1, D2,
E Steel Construction El, E2
F Steel Reinforced Concrete F1,F2, F3,F4,F5
G Steel Reinforced Concrete G1, G2,G3, G4, G5
H Steel Reinforced Concrete H1, H2, H3, H4, H5
I Reinforced Concrete 11,12, 13, 14
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Fig. 4. The diagram and pictures of the void slab

Table 3. The information of the void slab

Size of Styrofoam Ball Thickness of Slab Ast Asb
(mm) (mm) (Upper Steel) (Lower Steel)
Long: 1-#4@20 Long: 1-#4@20
160 225
Short: 1-#4@20 Short: 1-#4@20

Table 4. The covering materials installation diagram

Control group Material alteration Experimental group
Wood ’7 Covering material (wood)
t=12mm
Teak (with 12mm < > < > < >
plywood) L Void
o o slab

< > < > < > Carpet ’—Covering materials (carpet)

Q Q

b () O)

Carpet

— \oid
slab

RESULTS

The void slab without the covering materials of Condo A and Condo B. The testing results of the
heavy and light floor impact sound of every testing rooms show in Table 5, Fig. 5, Fig. 6, Fig. 7, and Fig. 8.
The L level of the heavy floor impact sound for both buildings is around 39 to 47, which shows better

performance compared to the results of the light floor impact sound.
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The void slab with the covering materials. The testing results of the covering materials show in

Table 6, Table 8, Fig. 9, and Fig. 10. The results show that the carpet presents better performance than the
wood in both buildings.

Table 5. The testing results of the floor impact sound

L L Level L L Level
Condo NO. L, w ) _ L, w
(Heavy) (Heavy) (Light) (Light)
A Al 41 45 39 72 75 70
B1 44 45 44 73 75 72
B
B2 48 50 47 74 75 73
Table 6. The testing results of the covering materials
Materials Al Teak Al _Carpet Bl Teak B1 Carpet
Tested > L, w 55 49 64 53
Decreased value > A L 15 21 8 19
80 110
70 100
\ m— 1, Level \ — Leve]
+
q 90 —a— Al

Fig. 5 The testing result of Condo A (Heavy)
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Fig. 6 The testing result of Condo A (Light)
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Fig. 9 The testing result of Teak Fig. 10 The testing result of Carpet
CONCLUSIONS

As the life pattern changes and the population increases, high-rise building has been a popular housing
choice. The floor impact sound is a significant problem of high-rise building, which is gradually being
emphasized. The void slab, used to be used in huge span building, is very common in housing building.
Therefore, the floor impact sound effect of the void slab in housing building should be taken into
consideration seriously regarding the citizens living quality. This study followed the 1SO 140-7 and 140-8
to experiment the performance of the bare void slab and the covering materials over the slab for discussing
the possibility of material application on the void slab.

According to the results, the performance of the heavy floor impact sound, tested on the bare void slab,
is quite effective, which the level is about L-45. However, the performance of the light floor impact sound
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is about L-75. The result shows that the void slab is effective regarding the heavy floor impact sound with
insignificant influence regarding the light floor impact sound improvement. Also, regarding the covering
materials, the testing results show that the carpet provides better floor impact sound insulation than the teak
wood.

Therefore, through the experiments, this study could conclude that the void slab presents good
effective performance for heavy floor impact sound. However, the void slab should be applied with
covering materials to demonstrate efficient improvement toward the light floor impact sound, and the
performance varies from materials. The void slab covered with carpet is the best combination according to
the study. This conclusion would offer the interior design reference for decreasing the noise pollution, and
expect to reach the better living quality in the future.
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Express Rail Link HK Section - Construction Noise
Control
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Abstract: Approximately 26km tunnel is being constructed for Express Rail Link (XRL) Hong Kong
Section. Tunnel excavation is always preferred to be carried out in round-the-clock construction
programme for both TBM and Drill & Blast methods. Under Noise Control Ordinance (NCO) in Hong
Kong, Construction Noise Permits (CNP) must be obtained for operation of Power Mechanical Equipment
(PME) in evening (1900-2300 hours) and nighttime (2300-0700 hours). Nighttime construction noise
impact (groundborne and airborne) on the residential premises close to tunnel alignment becomes a critical
item affecting the overall XRL construction programme. The 26km tunnel construction is divided into 8
civil contracts (820, 821, 822, 823A, 823B, 824, 825 and 826). In order to allow round-the-clock tunnel
excavation in all the 8 civil contracts, extensive noise mitigation measures were employed. Since
construction commencement, over 15,000m? acoustic panels had been installed in the form of noise barrier,
enclosures, acoustic doors and shaft covers in the XRL HK Section. With sophisticated noise mitigation
measures and effort from various parties, over 200 critical CNPs had been obtained from Environmental
Protection Department (EPD) today for evening and nighttime PME operations. From the view of the
acoustic consultant working on all the 8 contracts, this paper presents an overview on how MTR and their
contractors working closely in noise mitigation design and implementation for construction noise control.
Key words: noise mitigation; construction noise control; acoustic enclosure; Express Rail Link, TBM
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1 INTRODUCTION

1.1 The Guangzhou-Shenzhen-Hong Kong Express Rail Link (XRL)
The Guangzhou-Shenzhen-Hong Kong Express Rail Link (XRL) will provide the strategic linkage

from Hong Kong to the comprehensive high-speed rail network in Mainland China. This will
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significantly increase integration of cities, and promote business and tourism towards a greener economy.
In order to minimize the impact on the neighbouring communities, the XRL Hong Kong section is a 26 km
long underground railway running from West Kowloon to boundary at Shenzhen, Mainland China. The
terminus will be located in West Kowloon next to the planned Cultural District in the waterfront. The
tunnel construction of XRL Hong Kong section was commenced in Year 2010 and targeted for operation in
Year 2015.

1.2 Potential noise impact from tunnel excavation
The 26km tunnel construction is divided into 8 civil contracts (820, 821, 822, 823A, 823B, 824, 825

and 826) and being executed by 6 different contractors. Potential noise impacts during tunnel/shaft
excavation may arise from operation of Power Mechanical Equipment (PME) such as rock drills, rock
breakers, Tunnel Boring Machine (TBM), etc., especially for restricted hours (1900-0700 hours)[l’z‘s].
Nevertheless, tunnel excavation is always preferred to carry out in round-the-clock construction programme.
Under Noise Control Ordinance (NCO) in Hong Kong, Construction Noise Permits (CNP) must be
obtained for PME operation in evening (1900-2300 hours) and nighttime (2300-0700 hours) .

1.3 Noise control measures for round-the-clock tunnel excavation

In order to allow round-the-clock tunnel excavation in all the 8 contracts, extensive noise mitigation
measures had been designed and adopted at individual work sites. Since the construction commencement,
over 15,000m? acoustic panels had been installed in the form of noise enclosures, tunnel acoustic doors and
shaft covers. Many enclosures are capable to provide more than 40dB(A) noise reduction. In addition to
supply and installation of quality acoustic panels, gap sealing method and workmanship play important
roles to ensure noise insulation performance achieving the design intent and to the satisfaction of
Environmental Protection Department (EPD). Enclosure doors for PME and spoil removal are always the
most critical item degrading the sound insulation performance. With the implementation of these
customized noise mitigation measures, over 200 critical CNPs had been obtained from EPD to-date for
carrying out the tunnelling works during the restricted hours. This paper presents an overview on how MTR
and their contractors in working closely with the acoustic consultant in the planning design and
implementation of these customized noise mitigation measures.

2 Major NOISE SOURCE

2.1 Drill and blast method
Drill and Blast Method is commonly used in tunneling industry on hard rock excavation. Among all

activities in a blasting cycle, noise from rock drilling and blasting are the most critical. Drilling noise is
normally continuous for hours and being the crucial item for noise control where blasting noise is only
lasting for a few seconds and no specific noise control measures are required other than blast cover in
general. Hydraulic rock drill, also known as jumbo drill, is used to drill holes at rock for installation of
explosive at the tunnel faces. In all cases in XRL HK section, jumbo drills are the most severe noise
sources for drill & blast tunnel excavation, among all types of PMEs. According to the “Technical
Memorandum on Noise from Construction Work other than Percussive Work” (TM) published by EPD, the
Sound Power Level (SWL) of a rock drill is 123 dB(A). Wilson Acoustics Limited (WAL) has conducted
SWL measurement of rock drills in various site conditions. The results indicate that the TM value of
123dB(A) SWL is a reasonable value for a normal 2-boom rock drill, but slightly over-estimated for
1-boom rock drill. Noise enclosures and tunnel portal acoustic doors were installed for control of rock
drilling noise. CNPs for tunnel excavation during restricted hours were obtained for Contract 821, 822 and
824. With the CNPs, the contractors are able to operate 2 blasts per day, where the tunnel construction rate
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is double, comparing to 1 blast per day operation in normal situation without CNP.

2.2 TBM method
Tunnel Boring Machine (TBM) is one of the most popular tunnel excavation method in dense urban

areas in order to minimize environmental impacts from surface construction activities. TBM method is used
in Contract 820, 821, 823, 825 and 826. According to WAL noise data obtained from 10 TBMs (including
TBMs in other projects), SWL of TBM is ranging from 105 to 130dB(A), subject to TBM type and noise
control measures employed for individual PMEs. Open-type TBM is very noisy; Double-shield gripper
TBM is quieter than single-shield gripper TBM; Slurry and earth pressure balance TBMs are the quietest
among the other types. TBMs used in XRL are relatively quiet with SWL of 105 to 110dB(A). Comparing
to a rock drill, TBM is a quiet machine in the order of 13 to 18dB(A) quieter than a 2-boom rock drill. For
TBM method, the critical noise control items would be those supporting PMEs operating at surfaces, such
as slurry treatment plant, air compressors, chillers, ventilation fans, etc. Some of the PMEs (e.g. water
cooling towers, chillers and gantry cranes) are difficult to be fully enclosed, which increase the challenge of
noise control. TBM groundborne noise are discussed in other papers *57.

2.3 TBM Sound Power Level (SWL) measurement at factory
In order to shorten the time lag between TBM on-site installation and TBM nighttime operation with

CNP, TBM SWL may be measured during TBM commissioning at factory. Such SWL measurements were
only conducted for close-type TBM (i.e. Slurry and earth pressure balance TBMs) by WAL. Factory noise
measurement for open-type TBM may significantly under-estimate the real operation SWL. With SWL
measurements in the TBM factory, nighttime CNPs for TBMs in Contract 820 were obtained within 7 days
after the TBM operation. It should be noted that TBM operation starts well before the completion of entire
TBM installation on-site, which would normally take 1 to 2 months or longer. EPD would be difficult to
accept SWL measurement of partial completed TBM during the TBM installation period.
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Figure 1. Tunnel Section constructed by Drill & Blast or TBM

3 NOISE CONTROL ORDINANCES FOR CONSTRUCTION NOISE

3.1 Noise Control Ordinance (NCO) and Construction Noise Permit (CNP)
In Hong Kong, construction noise is controlled under NCO. CNP must be obtained for PME operation

during restricted hours (1900 to 0700 hours). The noise criteria for issuing CNPs are stipulated in
“Technical Memorandum on Noise from Construction Work other than Percussive Work” and “Technical
Memorandum on Noise from Construction Site in Designated Areas” under NCO ™.
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3.2 Noise criteria for operation of Power Mechanical Equipment (PME)
The acceptable construction noise levels are defined based on area sensitivity rating of noise sensitive

receivers (NSRs), time period for PME operation and multiple permit correction (noise quota used up by
other construction sites). If the NSRs are located near major road and the traffic noise is affecting the NSRs,
the noise criteria will be relaxed by 5 or 10dB(A) to account for background traffic noise. In general, for
nighttime (2300 to 0700 hours) PME operation, the acceptable construction noise levels at 1m from NSR
facade is 50 to 55dB(A) in urban area and 45 to 50 dB(A) in rural area, depending on noise levels from
major road. If the site is located in an area where other CNPs have been issued, the criteria shall be
downward adjusted for accumulated noise emitting from multiple sites. According to EPD practice,
multiple site correction up to -7dB(A) may be applied. Then the noise criteria becomes 43 to 48dB(A) in
urban area and 38 to 42dB(A) in rural area. Noise levels of this range are generally 5 to 20dB(A) lower the
background noise levels in terms of Laeqsmin (5 minute averaged A-weighted noise levels), however, it may
still be audible (or marginally audible) at NSRs during the quietest moment of the ambient noise. As a good
practice to the satisfaction of EPD, nighttime construction noise control should be designed to achieve
NCO noise criteria with a few dB(A) safety margin such that construction noise impact is unlikely to be
audible at NSRs even during the quietest moment of the ambient noise.

3.3 Noise criteria for operation of Specified Power Mechanical Equipment (SPME)
In addition to the above criteria for PME noise control, some PMEs are identified as Specified

Powered Mechanical Equipment (SPME) by EPD including hand-held breakers, bulldozer, concrete lorry
mixer, dump truck and hand-held vibratory poker. SPMEs are considered creating extra annoyance to the
NSRs. It is aiming to eliminate use of SPME in restricted hours, therefore SPME noise criteria is stipulated
to be 15dB(A) lower than the PME noise criteria, disregard whether it is audible or inaudible.

4 NOISE CONTROL METHOD

4.1 Noise enclosure

Noise enclosure is commonly used to cover TBM launching shaft, drill and blast shaft and other noisy
PMEs. It is a cost-effective method and generally achievable to 40dB(A) noise reduction with proper
selection of noise panel and good workmanship for various site conditions. It is possible to achieve 50dB(A)
noise reduction in some specific cases. The noise reduction performance of the enclosure is limited by
openings and gaps at the enclosure, such as doors, ventilation openings, cable openings, drainage channels,
etc. Special acoustic treatment shall be made to prevent noise franking around the enclosure. Table 1 lists
the scale of enclosure constructed at different construction sites. Enclosures built in Sheung Mun and Tai
Ko Po are shown in Photo 1 and 2.

Table 1 Enclosure at different XRL construction site

Enclosure Location Enclosure Surface Area, (m°) Distance to nearest NSR, (m)
Nam Cheung ~3500 ~90
Sheung Mun ~5000 ~40
Tai Ko Po ~3800 ~30
Mai Po ~1800 ~90
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Photo 2: Noise enclosure at Tai Ko Po

Photo 1: Noise enclosure in Sheung Mun

4.2 Tunnel acoustic door
Tunnel portal acoustic door is another form of noise enclosure, which is constructed at Kwai Chung,

Shek Yam and Pat Heung work sites. This mitigation normally applied to drill and blast tunnels only. In
general, tunnel portal acoustic door comprises of a large vehicle access door, a man access door and
ventilation openings. Sometimes, louvers would be installed on the door for releasing air pressure during
blasting. Doors and ventilation openings usually are the weakest noise insulation points and potentially
degrading the overall noise insulation performance. Proper acoustic treatment on the potential flanking path
should be applied to ensure a desirable noise reduction performance. Table 2 lists the size of tunnel portal
acoustic doors at different sites. Tunnel acoustic doors built in Shek Yam and Pat Heung are shown is
Photo 3 and 4.

Table 2 Acoustic door at different XRL construction site

Tunnel Acoustic Door Surface Area, (m°) Distance to nearest NSR, (m)
Door Location
Kwai Chung ~200 200
Shek Yam ~200 80
Pat Heung ~200 94
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5 NOISE REDUCTION VERIFICATION TEST

To fulfill CNP requirement, the Insertion Loss (IL) noise of enclosures were measured individually.
The test follows 10847- In-situ determination of insertion loss of outdoor noise barriers of all types L8
Normally, the loudest construction activity was pre-recorded and played back through loudspeakers to
simulate the worst-case scenario inside the enclosure. The loudspeaker system was able to provide steady
continuous noise sources around 128 to 133dB(A) SWL for accurate repeatable noise measurements.

Apart from the IL measurement, additional noise leakage measurements were also conducted around
the enclosure in order to prove noise would not leak through particular ventilation openings, gaps and holes.
Microphone would be set up 1m to 3m from the enclosure at various locations, normally 100 to 300
measurement points depending on the size of the enclosure. Such measurement would normally require
multiple (3 to 6) sound level meters and takes 2 to 5 hours. In some cases, noise monitoring at NSR provide
good indication whether noise from the construction activities are within the statutory criteria, however, it
is not a strict requirement from EPD.

6 SUMMARY

The XRL tunnels are one of the largest construction projects in Hong Kong. Massive resource had
been spent on the noise control to minimize noise nuisance to public. With best effort made from MTR,
Contractors and Consultant, noise problems are well managed and achieve 24-hour tunneling operation.
Valuable noise control experience is learned and anticipated to be applicable to future tunneling projects.
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Impacts of tyre properties on tyre/road noise
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Abstract: This paper reports our study on the tyre properties and their impacts on the tyre/road noise using our
twin-wheeled Close-proximity (CPX) vehicle equipped with an acoustic enclosure covering the test tyres. Four
Yokohama tyres with various rubber hardness and tread depth were fitted to our CPX vehicle. The vehicle was
then run on a porous asphalt (PA) and a dense asphalt (DA) surfaces. It is found that the tyre/road noise level
increases with tread rubber hardness on both surface types, and decreases with tread depth on dense asphalt.

Key words: tyre/road noise; tyre rubber hardness; tyre tread depth.
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1 INTRODUCTION

As a vehicle travels on a road, tyre/road noise is emitted by the physical interaction between the rolling tyres
and the road surface. It is one of the dominant traffic noise sources at speed above 40 km/h. Researchers Thas
categorized the tyre/road noise generation mechanisms into two — air-borne and structural-borne noises, which
respectively refer to the aerodynamic and vibration-related noise sources. Upon prolonged usage, vehicle tyres
deteriorate and undergo changes in various properties, namely rubber hardness and tread depth. Such changes may
affect the generation of tyre/road noise. The impacts by tread rubber hardness and tread depth are investigated in
this paper.

2 METHODOLOGY

2.1 Measurement method

A Close-Proximity (CPX) tyre/road noise measurement system as shown in Figure 1 was fabricated and
certified? at the Hong Kong Polytechnic University (HKPolyU) according to 1SO 11819-2F! in 2009. A
twin-wheeled trailer equipped with an acoustic enclosure is towed to travel at specific reference speed on real
roads. The noises emitted by the two test tyres are directly measured by two microphones mounted inside for each
one. The system is also equipped with microwave speed sensor, accelerometers, GPS receiver, tyre pressure
sensor and air and road surface temperature sensors. Theses sensory units are integrated into a single high speed
(100 kHz sampling rate) data acquisition device. Collected data can be processed on site and results can be
generated right upon finish of measurement.
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