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Abstract

Construction sites usually face tremendously high 

levels of noise, which results in noise pollution. This 

phenomenon is largely neglected by law enforcement 

authorities in India. Construction workers, being 

present at these sites for long hours, are exposed to 

these high noise levels with no protective gear for their 

auditory senses. This constant exposure to high levels 

of noise causes several long-term health complications 

among construction workers. The aim of this project is 

to develop a practical solution to reduce the excess 

noise pollution at most construction sites. This study 

explores the use of plywood noise barrier and plywood 

barrier with coconut coir as a sound absorbent to 

reduce noise pollution on construction sites. Three 

different barrier models, plywood, plywood with coir 

filler (2% open area) and plywood with coir filler (10% 

open area) have been used to compare the insertion 

loss. A satisfactory insertion loss of up to 12dB 

(decibels) was measured in all the three types of sound 

absorbers. The findings indicate that plywood barriers 

can be implemented at local construction sites to 

reduce noise pollution at very low costs. Fresh coconut 

coir as a sound absorbent improved the insertion loss, 

depending upon the sound transparency of the 

perforated inner panel. 
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arrangements are made for controlling the noise levels 

produced by various machinery and activities.

Noise is unwanted sound deemed to be unpleasant, 

baneful and disruptive. In studying noise, we must 

focus on the power per unit of area, the intensity, 

expressed in watt/m2. This is because the human ear 

offers a fixed area (the ear drum), for detection of 

sounds in the environment. The decibel (dB) is used to 

measure sound level, but it is also widely used in 

electronics, signals and communication.

Introduction

It's a well-known fact that India faces a significant 

disadvantage of inadequate infrastructure (roads, 

railways, ports, residential and commercial properties, 

etc.). The thrust of the current government to build the 

country's infrastructure has resulted in a rapid rise in 

the number of construction projects across the 

country. This, in turn, has resulted in a rise in noise 

levels in and around these construction sites. The 

noise levels at construction sites often breach the 

acceptable limits and have a deleterious impact on 

human health. In most Indian construction sites, no 

Table 1: Ambient Air Quality Standards 

Area Code Category of Area/Zone Limits in dB(A) L eq*

  Day Time Night Time

(A) Industrial area 75                                       70

(B) Commercial area 65                                       55

(C) Residential area 55                                       45

(D) Silence Zone 50                                       40

Source: Noise Pollution (Regulation and Control) Rules, 2000, Central Pollution Control 
Board, Ministry of Environment and Forests, Govt. of India

Doubling the intensity will cause an increase in level by 

3 dB 

Finally, sound intensity decreases in proportion with 

the square of the distance from the source (Inverse 

Square Law of Sound). Generally, sound levels for a 

point source will decrease by 6 dB for each doubling of 

distance.

The dB is a logarithmic way of describing a ratio. The 

ratio may be power, sound pressure, voltage or 

intensity, or several other things.

Intensity Level in dB = 10 log 10 (Ix / Ir)

where Ix is the measured signal and Ir is the reference 

signal level.
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Introduction

All engineering projects usually consist of analysis and 

design phases followed by the fabrication and 

construction phases. The analysis phase involves 

visualization, computer modeling and simulation of 

the intended structure or system subject to a set of 

code-mandated loads and load effects. The results of 

the analysis then form the basis for designing/sizing of 

system components to satisfy a given set of design 

strength and stiffness requirements. Finally, the 

various components are fabricated to the specified 

dimensions, shipped to the construction site, 

assembled and installed at the given location(s). Thus, 

the overall project quality involves assuring the quality 

of not only the process (analysis, design, fabrication 

and construction) but also controlling the quality of 

the product or materials used in various components 

of the system (Figure 1). 

Design Documentation for QA

This generally involves assembling and saving the 

various calculations associated with the analysis and 

design process. The manner in which this is done varies 

from company to company, depending upon the 

requirements of the particular project. A typical design 

calculation includes a physical record of the input 

criteria, sketches, manual calculations, computer 

output supplemented by a discussion of the basis and 

assumptions made, if any, for the process. 
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Table 2: Relation between relative loudness and reduction of sound levels

Source: US Department of Transportation

Sound Level Change Relative Loudness Acoustic Energy Loss/Intensity Reduction

0 Db Reference 0

-3 dB Barely Perceptible Change 50%

-5 dB Readily Perceptible Change 67%

-10 dB Half as Loud 90%

-20 dB 1/4 as Loud 99%

-30 dB 1/8 as Loud 99.9%

Table 2 shows how a small change in the sound level 

can decrease the relative loudness and intensity of 

sound by a huge margin. Several studies have been 

carried out to test the effectiveness of noise barriers of 

different shapes, materials and nature (absorptive / 

reflective). 

Halima et al. (2015) in “Effectiveness of existing noise 

barriers: comparison between vegetation, concrete 

hollow block, and panel concrete" studied three 

existing noise barriers; vegetation, hollow concrete 

block and panel concrete. They measured the 

effectiveness of the noise barriers based on the 

parameter of insertion loss. Panel concrete was found 

to have the maximum insertion loss while vegetation 

could not be considered as an effective noise barrier. 

Their study did not test any sound absorbent barriers 

and their efficacy.

 

Md. Ayub et al. (2011) in “Implementation of coir fiber 

as acoustic absorber material” studied the acoustical 

absorption of coir fibre throughout the frequency 

spectrum. They investigated both fresh as well as 

industrial coir fibre and found that absorption of fresh 

coir fibre was more than 70% for frequencies greater 

than 600 Hz for a thickness of 30mm. The absorption of 

industrial prepared fibres with the same thickness was 

generally less than 70%.

Ishizuka et al. (2004) in “Performance of noise barriers 

with various edge shapes and acoustical conditions” 

studied the properties of differently shaped barriers 

using boundary element method in a well-controlled 

environment. It was observed that absorbing 

materials significantly improve the properties of the 

barrier. A 3m high T-shaped barrier provided the same 

performance as a 10m high barrier. 

Seidman and Standring, (2010) in “Noise and Quality 

of Life” explained noise as that unwelcome sound or 

combination of sounds with potential harmful effects 

on a person's health, which can either be physiological 

or psychological. 

Busch and Hodgson (2003) in “Scale-model study of 

the effectiveness of highway noise barriers”  

developed a scale model facility to test the insertion 

loss of highway noise barriers. They used three 

materials to simulate packed earth berms, vertical 

walls and roadways. They concluded that barriers have 

relatively low IL at mid frequencies due to the ground 

effect. 

May and Osman (1980) in “Highway noise barriers: 

new shapes” used 1:16 scale models to test the IL of 

various barrier profiles. The various barriers were thin, 

wide, T-profiled, cylindrically topped, corrugated, 

inclined, Y-profiled, arrow-profiled and some were 

treated with sound absorptive material. They used 

urethane foam for sound absorption. 

Delany and Bazley (1970) in “Acoustical properties of 

fibrous absorbent materials” investigated the 

acoustical properties of fibrous absorbent material. 

They conducted tests to compare the effects of varying 

thickness on the absorbent material. Fibre-glass white 

wool, fibre-glass resin-bonded, fibre-glass aircraft 

insulation, and cotton wool were some of the 

materials tested. 

Suter (2002) in “Construction Noise: Exposure, Effects, 

and the Potential for remediation; A Review and 

Analysis” found out that Constant exposure to high 

levels of noise (higher than 85 decibels A-weighted 

scale) can cause Noise Induced Hearing Loss (NIHL) 

(Centre for Construction Research and Training, 2007). 

It was also observed that a lot of construction-related 

accidents could have been prevented if workers were 

able to hear warnings or shouts. 

Average sound levels for various construction equipment have been shown in Table 3.

Table 3: Average sound levels at construction site for different equipment

Equipment  Sound level at Operator

  Average Range

Background*  86 

Earth moving: Front End Loader 88 85-91

 Back Hoe 86.5 79-89

 Bull Dozer 96 89-103

 Roller 90 79-93

 Scraper 96 84-102

 Grader <85 

 Truck 96 89-103

 Paver 101 100-102

Material Handling: Concrete Mixer <85 

 Concrete Pump <85 

 Crane 100 97-102

 Derrick <85 

Power Units: Generators  <85 

 Compressors <85 

Impact: Pile Driver (Diesel and Pneum) 98 82-105

 Pile driver(Gravity, Bored) 82.5 62-91

 Pneumatic Breaker 106 94-111

 Hydraulic Breaker 95.5 90-100

 Pneumatic chipper 109 

Other Equipment: Poker Vibrator 94.5 87-98

 Compressed Air Blower 104 

 Power Saw  88.5 78-95

 Electric Drill 102

 Air Track Drill 113

Source: Laborer's Health and Safety Fund of North America
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material of the barrier, a part of the sound is reflected 

back to the source; some amount of sound passes 

through the barrier (transmitted through the barrier), 

some amount of sound is absorbed by the barrier and 

some is diffracted at the top edge of the barrier.

Materials and Methods

Figure 1 shows how noise travels when a barrier is 

placed between the source and the receiver. Sound 

follows a straight line path from the source to the 

receiver. The barrier disrupts this path. Based on the 

Source: Environmental Protection Department, Highways Department, Government of the Hong Kong SAR, 

Second Issue, January 2003

transmission loss of 20dB. Environment Protection 

Department, Government of the Hong Kong SAR 

(2003).

The barrier should be located as close to the source as 

possible to achieve maximum effectiveness. This will 

lead to an increase in the critical angle and creation of a 

larger shadow zone where the noise levels are 

comparatively lesser as mentioned in "Noise Barriers: 

How do they work?" 

For a barrier to be fully effective, the amount of sound 

energy passing through it must be significantly less 

than that passing over the top (or around the edge). 

When noise levels of two sources LA and LB are added, 

the difference between them larger than 10 dB adds 

less than 0.5 dB to the higher level. Thus, if the portion 

of sound transmitted through the barrier is 10 dB 

lower than that which goes over the barrier, the overall 

sound received is essentially determined by the energy 

travelling over the barrier. A 13mm thick plywood has a 

Figure 2: Ideal location of a barrier - as close to the source as possible.

Source: "Noise Barriers: How do they work?" (Accessed 2018) 

additional metre increase in height will lead to a 1.5 dB 

reduction as stated in "Noise Barrier Design - Visual 

Quality" Federal Highway Administration US (2019).

The height of the barrier should be such that the line of 

sight of the receiver to the source is blocked. As a rule 

of thumb, this will lead to an attenuation of 5 dB. Every 

Figure 3: Principle of barrier height

Source: Federal Highway Administration, US Department of Transportation

environmentally friendly. A 30 mm thickness fresh 

coconut coir sample absorbed more than 70% of 

incident sound for f>600 Hz.  Thus, fresh coir has been 

chosen as the filler material.

To provide absorbent material in a barrier, the outer 

face of the barrier has to be perforated to let the sound 

pass through and get absorbed. The two applications 

of acoustic perforated panels are:

• Transparency/ As an outer covering for the sound 

absorber: Here, the perforated metal is used as a 

protective or decorative covering for some special 

acoustical material; that material may be designed 

either to absorb sound or to reflect or scatter sound 

in a special way. It is this special material that does 

the actual acoustical work, so the purpose of the 

perforated metal in such applications is to 

"disappear" acoustically: that is, it must be so 

transparent that the sound waves can pass right 

through it to encounter the acoustical treatment 

that lies behind. Our design goal in this case is to 

choose the perforated metal for greatest sound 

transparency, for sounds of all frequencies.

Construction materials like wood, masonry and metal 

have hard surfaces which reflect sound, i.e. they are 

considered “Reflective” barriers. When sound travels 

in the direction of the barrier, it strikes it; while some of 

it passes through the barrier, majority of the sound is 

reflected back in the direction of the source of the 

sound. In the case of parallel barriers or a wall opposite 

a barrier, multiple reflections of sound waves can 

cause additional diffraction over the top of the barrier. 

To prevent such a scenario, absorptive materials are 

used in a barrier which absorb the sound waves 

instead of reflecting them. 

Filler (absorbent material) is available in various forms 

such as glass wool, mineral wool, etc. Natural fibres 

also have good noise absorption capacity. Synthetic 

fibres like rock wool are not environmentally friendly 

and neither are they safe for humans as they can lodge 

in the eyes, skin, mouth and lungs on exposure. 

Ayub et al. (2011) in “Implementation of coir fiber as 

acoustic absorber material” found that natural fibres 

of cotton, coconut, and hemp are much more 
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Figure 1: Travel of noise between source and receivers through a barrier
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Figure 1: Travel of noise between source and receivers through a barrier
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Figure 4: Absorptive noise barrier top view

Source: Schultz (2019) in “Acoustical Uses for Perforated Metals” 

• In Tuned Resonant Sound Absorbers: These are 

used to absorb a selected range of frequencies of 

sound.  Sounds  above and below these 

frequencies will not be absorbed. In this method, 

the perforated material also has a role in 

determining the frequencies of sound supposed 

to be absorbed.

Figure 5: Comparison between perforation methods 

Source: Schultz (2019) in “Acoustical Uses for Perforated Metals”

Since all construction activities have a wide range of 

frequencies, it is not viable to use the approach of a 

tuned resonant absorber; instead, it will be beneficial 

to make the panel as transparent to sound as possible, 

as elucidated in the 1st principle. 

For higher sound transparency, it is important to 

provide small and closely spaced perforations 

distributed over the entire surface area instead of a 

single large perforation. 

Experiments have been carried out at different 

percentage open areas of perforation which will be 

discussed in the coming sections (Schultz, 2019). 

Experimental setup 

The experiments were conducted at an active 

construction site in Mumbai. Noise levels in A-

weighing scale were measured using a sound level 

meter. Full scale models consisting of discarded 

plywood from the site was utilized to construct the 

barrier. The sound source was the noise produced by a 

block/ply cutting machine in operation. 

The following 3 different types of barriers were 

studied:

• Plywood barrier: Thickness of plywood was 13 mm. 

This is discarded plywood which would have been 

sent to waste after use. The height and length of the 

plywood have been illustrated in Figure 6 (a). A 

space of 1.5 feet has been kept from the wall to 

ensure sufficient ventilation and movement space 

for the workers. The noise readings were taken as 

per the procedure described in the previous 

section. The length and breadth of the barrier is 3 

metres while the height is 6 metres, conforming to 

the principles expatiated above.

(a) (b)

Figure 6: (a) Ply barrier model ; (b) Coir fibre filled inside the panel

• Plywood barrier with coir filler and 2% inner 

perforated panel: Fresh coconut coir has been 

used as a sound absorbent material with 2% open 

area in the form of 25mm diameter holes. 

Perforations have been provided at the side facing 

the source so as to permit sound transparency. 

Horizontal centre-to-centre distance between the 

perforations is 135 mm while the vertical centre-

to-centre distance between the perforations is 

143 mm.

• Plywood barrier with coir filler and 10% inner 

perforated panel: Fresh coconut coir has been 

used as a sound absorbent with 10% open area in 

the form of rectangular slits and 25mm diameter 

holes to permit more sound transparency and 

analyse the results. 7 rectangular slits of 

dimensions 675 mm x 325 mm have been 

provided.
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Figure 7: Inside view of the model (10% open area)

Experimental procedure

The Federal Highway Administration in "Highway 

Barrier Insertion Loss Measurements" (2019) explains 

the “direct” before/after method which has been used 

in this research. The “direct” before/after method 

requires performing measurements at a site before the 

barrier has been constructed to determine “before” 

levels, and another set of measurements at the same 

site after construction to determine “after” levels. By 

employing this method, identical geometric 

conditions can be maintained. However, exact 

weather and traffic conditions may not be able to be 

reciprocated using this method. 

• Meteorological  condit ions (wind speed, 

temperature, humidity) were documented prior 

to data collection.

• Noise levels were measured on the A weighing 

scale using a Sound Level Meter. Specifications of 

the sound level meter - Range: 30-130 Decibels, 

Accuracy: 1.5 dB

• The sound source was the conventional block/ply 

cutting machine in operation.

• Readings were taken at 0°, 45°, 90°, 135° and 180° 

at source, 3 metres, 6 metres, 9 metres from the 

source without any barrier to represent how 

sound level reduces with increased distance from 

the source. 

• The microphone was kept at a height of 1.5 metres 

from the ground using a tripod.

• Leq was computed for a period of 15 seconds from 

the start of operation of the ply cutting machine. 

Leq is taken when a varying noise source is used.

• The barrier was then placed and the above 

procedure was repeated.

• The barrier with coir as filler and 2% open area 

was then placed and readings were obtained, and 

subsequently, readings for the 10% open area 

panel were obtained.

• The results have been discussed in the next 

section.

Results and Discussion

Using the stated design methodology, the following 

results were measured:

The basic parameters that were considered to 

understand the results were distance, angle and 

decibel levels. Effectiveness of the barriers was 

represented in the form of insertion loss.

Leq stands for the equivalent noise level which is the 

arithmetic mean of the noise levels produced in a given 

time period.

Lmax: Highest value of sound level over the given time 

period.

The meteorological conditions at the time of taking 

readings were: Humidity- 48% , Wind Speed- 18km/hr, 
0Temperature: 31  C

Table 3: Measurements of noise levels without any barrier

 source source 3m 3m 6m 6m 9m 9m
 (Leq) (Lmax) (Leq) (Lmax) (Leq) (Lmax) (Leq) (Lmax)

0° 101.9 108.4 97.8 103.1 96.9 99.3 93.3 96.2

45° 103.3 108.2 100.7 103.6 97 95.3 94 99.9

90° 106.3 109.8 96.7 100.5 94 100.5 96.5 101.6

135° 102 105.2 98 102.9 94.3 95.5 94.2 97.1

180° 102.1 106.5 98.7 102.3 93.9 97.2 94.6 99.5

Table 4: Measurements of noise levels with only ply barrier

 source source 3m 3m 6m 6m 9m 9m
 (Leq) (Lmax) (Leq) (Lmax) (Leq) (Lmax) (Leq) (Lmax)

0° 88.8 90.6 86.9 90 84.5 89.6 82.9 86.8

45° 86.5 88 85.9 89.2 83.9 87.7 81.2 83.7

90° 85.2 86.7 83.2 84.6 82.2 83.6 81.9 84.1

135° 86.6 88.4 84.5 86.5 81.5 83.5 80 84.6

180° 90.1 92.5 84.6 89 82 84.8 80.5 83.7

Table 4: Measurements of noise levels with only ply barrier

 source source 3m 3m 6m 6m 9m 9m
 (Leq) (Lmax) (Leq) (Lmax) (Leq) (Lmax) (Leq) (Lmax)

0° 88.8 90.6 86.9 90 84.5 89.6 82.9 86.8

45° 86.5 88 85.9 89.2 83.9 87.7 81.2 83.7

90° 85.2 86.7 83.2 84.6 82.2 83.6 81.9 84.1

135° 86.6 88.4 84.5 86.5 81.5 83.5 80 84.6

180° 90.1 92.5 84.6 89 82 84.8 80.5 83.7

The noise levels inside the barrier: Leq: 97.7dB
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Table 5: Readings with ply barrier with filler (natural coconut coir) with 2% percentage perforation

 source source 3m 3m 6m 6m 9m 9m
 (Leq) (Lmax) (Leq) (Lmax) (Leq) (Lmax) (Leq) (Lmax)

0° 86.6 89.2 85.7 90.1 82.3 84.8 81.1 85.5

45° 87.1 89.2 82.7 85.9 80.7 84.1 79.4 83.1

90° 82.8 84.4 80.8 82.5 79.3 80.2 80.2 81

135° 87 88 82 84 81.5 84 78.4 80.5

180° 90.9 92.6 82.8 84.9 78.8 81.4 78.3 80.4
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The noise levels inside the barrier: Leq: 98.1dB

Table 6: Ply barrier with filler (natural coconut coir) with 10% percentage perforation

 source source 3m 3m 6m 6m 9m 9m
 (Leq) (Lmax) (Leq) (Lmax) (Leq) (Lmax) (Leq) (Lmax)

0° 85.8 95.6 85.4 91.9 81.9 90.5 80.5 85

45° 84 90.9 81.6 90 79.9 83 79.5 85.6

90° 81.1 92.9 79.8 87.7 79.4 84.5 80.2 79.1

135° 86.9 94.9 81.6 93.1 80.9 85.8 77.6 85.7

180° 90.8 95.6 82.1 90.2 77.2 86.4 76.8 83.9

The noise levels inside the barrier: Leq: 99dB

The noise levels were also recorded one storey above and one storey below the noise barrier. The floor-to-floor 

height of the building is 3.2m. The readings recorded were as follows:

One storey below (exactly under the source)- 62dB

Figure 8: Comparison of the 3 models at 0° Figure 9: Comparison of the 3 models at 45°

Figure 10: Comparison of the 3 models at 90°

Figure 12: Comparison of the 3 models at 180° Figure 13: Insertion loss at 0 degree

Figure 11: Comparison of the 3 models at 135°
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Figure 14: Insertion loss at 45°

Figure 16: Insertion loss at 135° Figure 17: Insertion loss at 180°

Figure 15: Insertion loss at 90°

Table 6: Sound Intensity Reduction at 90° using Equation 1

 IL of   Sound IL of Sound IL of Ply Sound
 Ply Barrier Intensity Ply barrier Intensity barrier Intensity
  Reduction with filler Reduction with filler Reduction
  (%) (2%) (%) (10%) (%)

Source 21.1 99.22 23.5 99.55 25.2 99.69

3 m 13.5 95.53 15.9 97.42 16.9 97.95

6m 11.8 93.39 14.7 96.61 14.6 96.2

9m 14.6 96.53 97.65 102.9 17.4 98.18

A minimum sound intensity reduction of 90% was observed in all three barriers. There is no linear relation 

between sound intensity reduction and the increase in distance.

Conclusions

Three types of models were placed and their insertion 

losses were measured at various receiver positions 

based on the distance and the angle with respect to 

the source. The results were expressed in terms of 

insertion loss. Following conclusions have been made:

• From the field readings, it is observed that noise 

levels at construction site often exceed the 

permissible limits laid down by CPCB, Govt of India.

• Plywood barrier with no filler material recorded 

the lowest insertion loss, albeit by a very small 

margin compared to others. However, it is the most 

cost-efficient type of barrier.

• Sound absorbent material led to an increase of IL 

by 2-3 dB. This agrees well with previous 

publications suggesting use of coconut coir as a 

sound absorbent.

• Increase in open area percentage to 10% led to 

only a reduction of 1dB of the noise level. More 

experiments will have to be done to find the 

optimum percentage open area for maximum 

sound transparency and enhanced insertion 

losses.

• As distance from the source increases, the sound 

levels decreased. No specific relationship between 

distance and sound levels could be discovered 

from the present study.

• The degradation of the ply in the barrier after 

prolonged use and the effect on its ability to reflect 

sound has not been studied in this project.

• There was no significant increase of sound level 

inside the barrier due to reverberation of sound. 

• In order to create a larger barrier, joints must be 

provided to join panels which may cause leakage of 

sound and there is a possibility of decrease in the 

insertion loss value.

The objective of the study - to evaluate the relative 

effectiveness of different types of noise barriers with 

the goal of reducing construction site-noise levels by 8-

12 dB - has been achieved. Environment-friendly 

coconut coir led to an additional increase of insertion 

loss by 2-3 dB. Only plywood barrier without any filler 

is a low-cost solution which has shown to be effective 

with a sound intensity reduction of more than 90%. 

This model shows promise and could be adapted to 

reduce noise pollution on construction sites.

Future scope: Additional investigation of the effect of 

varying percentage open area can be carried out for 

optimizing the insertion loss. Several other natural 

fibres like cotton fibre and cane can be tested to find 

out the best performing barrier under different 

conditions. 
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This generally involves assembling and saving the 

various calculations associated with the analysis and 

design process. The manner in which this is done varies 

from company to company, depending upon the 

requirements of the particular project. A typical design 

calculation includes a physical record of the input 

criteria, sketches, manual calculations, computer 

output supplemented by a discussion of the basis and 

assumptions made, if any, for the process. 
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