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ABSTRACT

Noise as an environmental pollutant has recently become an object of serious social concern. However, it cannot be isolated form other social concerns, and is inextricably linked with the many facts of contemporary civilization-accompanying man's essential, as well as nonessential, activities and his way of life. Noise differs significantly from air pollution also from thermal pollution, in the sense that it decays almost instantaneously and leaves no residue. Yet noise is a persistent pollutant in the many practical situations where noise sources cannot be suppressed, and it degrades the quality of life.

Continued exposure to high levels of noise can, of course, result in permanent hearing loss, and there is increasing evidence that noise may have other physiological and psychological effects. Even low levels of noise can create an environment that is unsatisfactory  for human communication, work sleep, and recreation, furthermore, if one accepts the definition of health adopted by the World Health Organization - "a state of physical, mental, and social well-being and nor merely the absence of disease" - then freedom from the annoyance of noise is, indeed, a desirable amenity. Perhaps the most immediate improvements in noise control will be experienced in occupational environments where regulations can be strictly enforced. In addition, one can expect some industrial management to seek occupational noise levels substantially below laid standards.This dissertation  aims at studying the existing noise levels of identified residential, commercial areas and road traffic crossings in Delhi in busy hours and non-busy hours
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CHAPTER - 1

INTRODUCTION

1.1 
GENERAL

In recent past, concern about the protection of the environment has grown rapidly as it has become generally recognized that the steady rise in population of all kinds cannot be allowed to continue indefinitely.   The  acoustic  environment has likewise suffered from the increase in the use and power of machines in the work place, increasing road, traffic, larger aircraft etc. to combat this many countries and communities have recently introduced legislation making it a legal requirement to measure a community noise levels, to reduce noise from vehicles at source, and to maintain acceptable noise levels in the industrial units to prevent hearing loss.

This scenario has led to a greater appreciation of the benefits of a quiet environment and a preference for quieter domestic products if these are available. The quieter item, therefore, often has a sales advantage over its noisier competitor, which may be reflected in the command of higher price. Economic advantages are also apparent in property values, which are lower in noise areas than in quiet areas.

The problems in cities are manifold. Unless and otherwise the problems are attacked properly and at proper time, the day is not far away to tell that no cities in our country is best suited for living.

1.2 
NOISE ASPECTS & TRANSPORT 

No one can deny that mechanized transport has greatly affected the development of modem society. Our desire for increased mobility has, therefore, become a necessity, and like any addictive process we have become dependent on the support provided by transport in order to maintain the higher living standards.
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Of the environmental factors that are commonly associated with pollution from transport, noise is perhaps, the most commonly cited of all. The reasons are obvious; noise from the transport is ubiquitous and is easily detected by the human hearing system. Its effects can be cumulative and it influenced many aspects of our daily lives. It penetrates the work environment, causing disturbance and interruption in concentration and vigilance. It also disturbs us at home and during our leisure periods.

To the city dwellers, transport noise has become such an everyday occurrence that ultimately has desensitizing effect and becomes more acceptable as a result, with a concomitant acceptance that the quality of life has also deteriorated.

1.3 
ROAD TRAFFIC NOISE AND OTHER NOISE

Noise from road traffic may be regarded as more or less continuous sound which fluctuates from hour to hour over the day in a more or less regular pattern and from moment to moment with passage of individual vehicle.

The kind of road traffic noise is obviously very different from that produced by aircraft or railways, both of which can generate higher peak levels but are intermittent in character. A more important difference is that traffic noise is generated from the entire network of roads having effect on whole urban environment, while aircraft or railway noise is confined to a part of urban area. Again, if compared with noise from factories it differs by affecting the entire length of roads whereas industrial noise will have its worst impact at some particular spot. Finally road traffic noise is anonymous and usually unidentifiable. It is produced by a stream of vehicles in motion, which cannot easily be attributable to particular vehicle. Construction noise, industrial noise aircraft or train noise is traceable to certain source. Hence both dissatisfaction and specific complaints found a focus, often leading to remedial measures, as and when nuisance arises.
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Surveys of noise in urban (even those with large airports e.g. London, Chicago, Newyork) indicate that, despite the noise produced by aircraft, surface traffic is the predominant and most widespread source of noise.

In 1951, Bonvallet reported the results of a three years noise surveys in Chicago. He concluded, " The most prevalent city noise unquestionably is that of traffic". The most prevalent source of noise in industrial areas is also that of traffic". The 1961-62 noise survey of Central London found that traffic noise is an important source of annoyance to people whether they are outdoors, at work, or in the own home.

1.4 NEED OF THE STUDY

The transportation system in cities have  become one of the most important factor for achieving the high standard of living of people. But in recent years, the enormous growth of vehicle population and the latest development is highway system have created many problems by its side effects, Some of these problems have direct impact on the environment in which the people live.
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Noise levels in metropolitan cities of India, are quite high and above the standards. as reported by central pollution control board, in their study. The details are given below:

           TABLE 1.1

     NOISE LEVELS IN METROS OF INDIA [dB(A)]

	CITY
	RES. AREA

(Leq)
	COMM. AREA

(Leq)
	IND. AREA

(Leq)
	SILENCE ZONE

(Leq)
	HEAVY TRAFFIC

(Leq)

	JAIPUR
	59
	65
	69
	55
	70

	DELHI
	60
	71
	73
	65
	79

	BOMBAY
	65
	70
	75
	55
	75

	CALCUTA
	63
	71
	72.5
	63
	77

	MADRAS
	61
	69
	70
	54
	76

	BANGLORE
	60
	67
	75
	59
	78

	HYDRABAD
	54
	73
	72
	58
	78

	KANPUR
	59
	70
	73
	59
	75


SOURSC: NOISE LEVEL IN METROPOLITAN CITIES-PART I-IX CPCB,1991

Above table clearly shows that the noise in heavy traffic areas is highest as compared to any other area. Among all pollutant due to traffic, noise in its spontaneity and lack of duration, it leaves no residual evidence, hence it is given very low priority for control.

Much has been written on "noise problems" with least implementation effected. Unless and until the environment is kept healthy, safe and calmy applying suitable corrective measures, there is a danger that the motor vehicle, which is hailed as a boon to mankind, might turn out to be the worst source of annoyance.

So, there is a strong need to understand the noise problem and its control techniques, in order to ensure a healthy and calm environment.
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1.5 
OBJECTIVES OF THE STUDY

·  To assess the traffic noise characteristics of identified locations/areas.

·  To suggest techniques to control the traffic noise.

1.6        SCOPE & LIMITATIONS

·  Study brings out the basic understanding of the traffic noise besides, the noise levels at Residential and Commercial areas.

·  Study is confined to the major identified areas/locations of NCT of Delhi.

·  Study is confined to traffic noise generation by traffic volume consisting of individual  vehicles as the source of noise. The effect of road surface gradient and distance is not  taken into account.

· The study conducted to know the existing noise levels at the various areas 

· Study is confined to arterials in urban areas only.

1.7  
MATERIAL AND METHODS

STAGE I

· Literature Review. 

· Selection of the areas. 

STAGE II

· Traffic Noise Measurement. 

· Analysis of Data. 

· To Find out Traffic Noise Characteristics. 

STAGE III

· Results and discussion. 

· Conclusion & Recommendations
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CHAPTER - 2

LITERATURE REVIEW

2.1 
CONCEPT AND MEASUREMENT OF NOISE

There are many approaches to describe the wave motion or vibratory characteristics of sound. A plain sound field could be easily related to expanding water waves when emanating from a pond in which stone is thrown. The sound could be conceptualized by drawing rays and arrows to illustrate the direction of propagating wave fronts. When dealing with industrial noise, describing sound as a vibratory motion of displaced molecules in an elastic medium would be a useful approach. Ambient noise  is the total noise in a given situation for environment.

There is no specific definition of noise. Sound of different frequencies and intensities could be termed as noise under certain perceptional conditions. Noise is an unwanted and unpleasant sound  which increases fatigue and in some industrial condition, it causes deafness.

2.1.1 
NOISE POLLUTION 

Noise pollution is the condition where the noise has the characteristics to injure public health or which unreasonably interfere with comfortable enjoyment of life and property.

Noise is often referred to as any unwanted sound. This definition emphasizes the highly subjective aspect of hearing. Sound that might be enjoyed to some people will be intolerable to others, depending upon a person’s interest, activity and mood. Some forms of music, for example, even though they may be damaging to the hearing mechanism, are wanted by some people. There is always the question of degree. Some
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 type of sound sensation is usually wanted, assuming the sound intensity is at a low level. Indeed, few persons are able to function normally for any extended period in the total absence of sound.

Another common concept about noise is that it is comprised of a broad band of frequencies as opposed to a pure tone. Actually, noise consists of virtually all kinds of sounds: periodic, a periodic, and impulse sounds.

Rotating machinery noise will usually include dominant frequencies plus a broad band of frequencies of varying intensity. Noise is associated with every type of human activity, and it is emitted from almost all apparatus having moving components. Machinery, Office equipment, fans, ducts, gears and bearings, plumbing, traffic, aircraft all generate a noise spectrum. Electrical equipment is also a significant noise source: for example, fluorescent lamp ballasts, transformers, chokes, and high voltage transmission lines.

It is function of acoustic instrumentation to analyze the frequency spectrum or impulse nature of noise, because only with such equipment can the spectral composition of noise be made quantitative. Broadband noise implies the inclusion of both high and low frequencies. Jet noise, for example, includes frequencies from infrasonic to ultrasonic. Narrow band noise implies a restriction to a fraction of the audible frequency range. White noise and Pink noise are technical terms. "White noise" is defined as noise having a uniform distribution of energy as a function of frequency, over the entire frequency range, that is, constant energy Hertz bandwidth. Such noise will show an increasing sound pressure level of 3 dB per octave, when measured with "constant-percentage" bandwidth filters such as octave or 1/3 analyzer. "Pink noise" is defined as having constant energy per octave bandwidth.

General categories of noise include (1) ambient or background noise, (2) study-state noise, (3) fluctuating or intermittent noise, and (4) impulsive noise. Ambient or background noise is the noise in an environment from both near and far sources. 
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Usually it refers to minimum levels when no strong sources of noise or sound are turned on. Steady-state noise often refers to machinery or apparatus where sound levels are reasonably constant during the period of measurement. Fluctuating or intermittent noise is exemplified by traffic where the sound may vary in level but in. “on” for times longer than the integration time of ear (about 200 msec). An impulsive noise is very short duration for its peak pressure level. It has a very short rise time, sometimes in the microsecond range, and special instrumentation is required to detect the transient nature of the pressure wave. Impulsive sound is sometimes defined as a change in rms air pressure at greater than 40-db/0.5 sec.

Also of importance is the concept of a "signal-to-noise" ratio. This term is used as a figure of merit in electrical engineering, optics, acoustics, and other fields. It is a measure of the magnitude of the desired signal in comparison to the undesired noise from any or all sources. This ratio, in part, also determines the environmental quality of speech and music.
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2.2 
SOUND

2.2.1 
SOUND SOURCES

The existence of sound implies a source of sonic energy and or more media through which this energy is transmitted. In some instances we may possess a substantial amount of information about the source itself, in which case we can predict the nature of emitted sound wave. In other instances we deduce the nature of the source by an analysis of the perceived wave motion. If we tried to enumerate all possible types of sound generators, we would find that most of them could be grouped into the following categories:

1. 
Vibrating solid bodies, for example, tuning forks, transformers, loudspeaker  diaphragms, stringed or percussion instruments, and sounds arising from complex      components or structures.

2. 
Vibrating air columns, as exemplified by  resonating organ pipes and wind      
instruments.

3. 
Transient forms of mechanical or electrical power, such as volcanoes, avalanches,    and lightning discharges.

4.
Impact phenomena, for example, tapping and hammering.

5. 
Sound from rapidly expanding gases, such as from jets, rockets, and chemical     
explosions.

6. 
Complex sonic disturbances resulting from rapidly moving objects in fluids, such as   fans, propellers, and shells.

2.2.2 
SOUND PRESSURE WAVE

Sound is rapid alteration of air pressure above and below atmospheric pressure, basically sound travels as sound pressure waves from a vibrating body such as, larynx, radio, or any vibrating machine. A sound which contains only one frequency is a "pure tone". However, most of the sound is a mixture of many frequencies. In general, the 
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waves travel outward from source in three dimensions. The pitch of the sound is determined primarily by frequency per second.

The distance that a sound wave travels in one cycle or period is the wave length of the sound.

Wave length is  
λ = c/f

Where,
  

λ = wave length in cm

f = frequency, in Hz (cycles/sec)

c = speed of sound in cm/ see

The sound wave travels at different speeds through different mediums. The speed with which sound travels through different medium is shown below:

Table 2.2.1 Speed of Sound in different Media

	Media 
	Sound Speed (m/s)

	Air at 21oC 
	344

	Air at 0oC 
	331

	Alcohol 
	1312

	Lead 
	1220

	Hydrogen, at 0oC 
	1269

	Water (Fresh) 
	1480

	Water (Salty) at 21°C at 3.5% salinity 
	1520

	Human body 
	1558

	Plexiglas 
	1800

	Wood soft 
	3350

	Concrete 
	3400

	Fir timber 
	3800

	Mild steel 
	5050

	Aluminium 
	5150

	Glass 
	5200

	Gypsum board 
	6800

	Copper
	3970


Source: A.J. Schneider, Noise and Vibration Rocket handbook Bruel & Kjar, 5111 W.

164th St. Cleveland Ohio 44124, P. 18.
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2.2.3 
Sound Wave Intensity

Intensity of a sound wave is the energy transferred per unit time (sec) through a unit area normal to direction of propagation. It is commonly measured in w /m2 or w /cm2. Where unit of w is watt. For a pure tone (single frequency) there is one to one correspondence between loudness and intensity. However almost all sound contain multiple frequencies. The relationship is not simple because of interference of the sound waves. It is measured in decible unit. Sound is dependent upon alteration of the atmospheric pressure. The alterations in the atmospheric pressure depend upon its intensity.

2.2.4 
Decible Unit

Decible is a dimensionless unit to express physical intensity or sound pressure levels. The reference point for noise level measurement is 0 dBA and threshold of pain 120 dBA.

The decible is one tenth of the ‘bel’ a unit using common logarithms named after Alexander Graham Bell. Decible is said to be the sound pressure squared level or in general sound pressure level.

Therefore, Decible = 10 log10 (A/Ao) dB 

Where, A = Quantity Concerned 

Ao = The reference quantity

2.2.5 
Sound Pressure

Sound Pressure is expressed in logrethmic relationship as follows:

Sound Pressure Level (SPL) in dB = 20 log10  P/Po 

P = Pressure of measured sound in micropascal (µPa) 

Po = Sound pressure reference level of 20 µPa

For measurement in air
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Sound intensity level (in dB) = 10 log10 I/I0
 = 10 log10  I1+I2 

where, I = unknown sound intensity in watt/m2

   


Io = Sound intensity reference base = 10-12 w /m2
I1 = Sound intensity from source I

I2 = Sound intensity from source II

Sound pressure can be measured in µ bar or µ pascal units. 

The relationship of sound pressure, intensity is not the simple. Increasing the intensity by a factor of two, increase the sound pressure by 3dB. Increasing sound pressure by 10 dB is equivalent to increasing the intensity by a factor of 10 and increasing the sound pressure level by 20 dB is equivalent to increasing the intensity by a factor of 100. In other words 10 decible is 10 times more intense than one decible, 20 decible is 100 times (10x10) more intense and 30 decible 1000 times (10x10x10) more intense. The following table is very useful in computing the rise in dB levels when two different sound levels are added.

Table 2.2.2 Approximate Increase when combining two sound levels.

	Difference between

Sound Levels (dB)
	No. of dB to be added

to Higher gh0000000ely ent Plants 







































































































level

	0
	3.0

	1
	2.6

	2
	2.1

	3
	1.8

	4
	1.5

	05
	1.2

	6
	1.0

	7
	0.8

	8
	0.6

	10
	0.4

	12
	0.3

	15
	0.2

	16
	0.1


Source: A.C Hosey (Ed) Industrial Noise, a guide to the evaluation 

and control Pub. 1572  DHEW Washington D.C.
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2.2.6 
Loudness

Loudness or amplitude of sound level or sound pressure level is as perceived by an observer. The apparent loudness varies with the sound pressure and frequency (Pitch) of the sound. For a pure tone each time sound pressure level increase by 10 dB the loudness doubles. Loudness levels are usually expressed in phones.

2.2.7 
Noys

Noys is a measure of the perceived noise level (PNL) in dB in relation to the noisiness or acceptability of a sound level.

2.2.8 
Perceived Noise Level (PNL)

To account for temporal variation in loudness such as air-craft flyovers, a rating called the perceived noise level (PNL), or symbolically LPN was developed. A jury of listeners was asked to compare sounds of equal duration for the subjective features of noisiness annoyance or unacceptability rather than just loudness.

The total perceived noise PN can be expressed in noys unit as 

PN = Nm (1 - K) + K  Σ  Ni

                                                   i=1


Where, 

Nm = maximum perceived noisiness 

Ni= noisiness in each band including N is 

K = Factor  

K = 
0.3 for one octave band

0.2 for one half octave band

0.15 for one third octave band

n = Number of bands
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The total perceived noise PN is related to the perceived noise level PN as follows:

LPN = 40 + 33.3 log PN 

LPN is expressed in terms of PNdB.

2.2.9 
WEIGHTED SOUND LEVEL

There are three weighted scales' A', 'B' & 'C' which are extensively used. These scales differ from each-other in the amount each discriminates against sound at lower frequencies.

‘A’  SCALE : The 'A' Scale is most discriminating and follows closely the response of human ear at low level. (below 60 dB)

‘B’ SCALE : It follows the response of the ear at the moderately high level (above 60 dB). It is less discriminating as compared to 'A' Scale.

'C' SCALE : The 'C' Scale is essentially flat or uniform over the range of human hearing. Therefore, for most practical purposes 'C' Scale represents absolute sound level and provides a base line for comparison with other scales.

Of these scales, 'A' scale is used most extensively both as an overall descriptor and as a parameter for calculating more sophisticated rating.

By itself, the 'A' scale does not provide a measure of pure tone content or time-varying intrusion, which relates heavily to annoyance. However, the simplicity of measurement in this scale is a very positive advantage.

The other weighted scales 'D' & 'E' also exist. However both of these place additional emphases on higher frequencies (above 1000 Hz) and are mostly applied to jet air-craft noise.
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2.3. 
TRAFFIC AND VEHICULAR NOISE

2.3.1 
AUTOMOBILES

The major noise sources of the conventional automobile are exhaust, intake, engine and fan, and tire at high speeds. Actually, the modern automobile is a relatively quiet vehicle when operated at low speeds, but the noise output from all car components increases with speed. The solid lines show the sound pressure levels at cruising speeds of 30 to 39 mph and 60 to 69 mph. The dotted lines show the noise spectra when the car is undergoing maximum acceleration ( full throttle), in this two-speed range.

At cruising speed there is almost a 10-db difference at 200 Hz and 2000 Hz between 30 and 60 mph.

At low speeds (~30 mph) the exhaust system constitutes the primary noise source. Engine noise is low at these speeds: the engine is essentially idling, and the massive engine block damps out most of the noise generated form explosions within the individual cylinders. Mechanical engine and carburetor intake noise is also low and, in addition, the hood and fenders prevent some noise from radiating directly to an observer. Fan noise can approach that blade configuration and spacing, rotational velocity, the proximity of other accessories, and the radiator fan distance.

2.3.2 
NOISE FROM TRUCKS

Noise from trucks originates from the same vehicular components as automobiles. However, truck engines are used in the wide-open throttle mode a greater

portion of the time, and in large truck, the engines are more powerful, greater sound intensity results. There is a significant  difference in the noise spectrum generated by gasoline powered and diesel engines of equal horsepower. Diesel trucks, which now comprise maximum of all trucks in operation, (and a sizable percentage of heavy vehicles) are generally 8 to 18 db (A) noisier than passenger cars. The higher noise 
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level from diesel engines is a result of the ignition. In gasoline engines combustion is triggered in the cylinder by means of a spark, the spark then generates a flame that spreads rather gradually throughout the cylinder until the fuel-air mixture is completely ignited.

This combustion process thus occurs over a reasonable fraction of the power stroke. In a diesel engine, however, the compression ratio is very high, and the fuel-air mixture is spontaneously ignited by the compression stroke of the piston.

2.3.3 
OTHER NOISE SOURCES

2.3.3.1 RAIL TRANSIT SYSTEM

Noise from these trains includes (1) diesel exhaust, (2) engine and air intake, (3)cooling fans, (4) wheel-rail interaction, (5) electric generator and electric traction motor noise, and (6) miscellaneous noises generated in freight and passenger cars primarily as a result of wheel-rail interaction. Other intermittent noise includes car impact sound when trains are braking or accelerating, and the sound of sirens of horns that produces noise levels 10 to 20 db greater than from other sources.

2.3.3.2 MOTORCYCLES

There is a substantial difference in the noise spectrum of a two-cycle and four–cycle motorcycle: the two-cycle exhibits a greater high frequency component than the four-cycles. All motorcycles will generate noise via (1) the exhaust,(2) carburetor intake, (3) engine, and (4) tires. The relative noise contributions of these components in a typical four-cycle are, respectively 86db(A), 82 db(A), and 69db(A), at a distance of 50 ft, for a total noise level of 88 db(A). Exhaust noise is often sufficient to mask most of the other sources of sound. Until recently, many motorcycle enthusiasts have not even been interested in quiet vehicles. Also, since a large muffler volume is required to achieve effective muffling, there ha been a general resistance to silencing the exhaust to the
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 level of automobiles. The intake system is also noisy, because power is also lowered with restrictions upon air intake, and the air-cooled engines are exposed and light in weight. Tire noise and also chain-drive noise are substantially than the noise from other sources.

2.3.3.4 CONSTRUCTION NOISE

Noise from construction and demolition affects a substantial number of persons in major urban centers. Relatively few complaints are registered during the demolition activities, because such work is usually of short duration. Building construction, and the repair of water, sewer, gas, electric services and accompanying street repairs, however, often takes place over an extended period. The primary source of construction noise is from equipment; for example, gasoline-powered and diesel engines, air compressors, mechanical and hydraulic systems, pneumatically powered drills and hammers, and steam pile drivers. The substitution of non-impact (hydraulic or electric) tools for some impact machinery has allowed a signi9ficant noise reduction for equipment, although their utilization depends on the specific work to be undertaken. The replacement of welding for riveting is another noise reduction option.

2.3.3.5 IN-PLANT NOISE SOURCES

Sources of noise in a manufacturing plant will include fabrication and assemble machines, plus a wide variety of facilities for material transport and general plant services.  In a large plant, a rule of thumb is that the noise produced by a number of machines of the same type can be estimated by adding 10 log10 N to the sound pressure level generated from one machine alone, that is,

Lp (N)  = Lp + 10 log10 N

Where
Lp (N) = Sound pressure level of N machines.

      
Lp = Sound pressure level of a single machine 

       
N =  Number of machines of the same type
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A selected list of machines and facilities is shown in table 2.3.1

Many of these devices generate noise levels of 90 to 115 dB(A), within 2 to 5 ft the apparatus. Impact noise from riveting or punch presses is usually very intense.

Table 2.3.1

	Air hammers
	Polishers

	Air hoists
	Presses, pneumatic

	Boring machines
	Presses, punch

	Chippers
	Pumps

	Combustion
	Reciprocating devices, Riveting devices

	Compressors
	Sand blasting

	Conveyor belts
	Saws

	Cranes, overhead
	Screw machines

	Cutting machines
	Shakers

	Drop forges
	Shot blasting

	Drop hammers
	Spraying

	Fans
	Tamping machines

	Fork trucks
	Transformers

	Furnaces
	Tumblers

	Gas and fluid flow
	Turbines

	Grinders
	Turntables

	Hammers
	Vibration

	Injection molding
	Welding machines

	Lathes
	Wire drawing

	Motors
	Wrenches, pneumatic

	Planers
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2.4 
FACTORS AFFECTING THE TRAFFIC NOISE

The level of noise generated by road traffic depends upon the type of vehicle flow, the volume of traffic, the speed and composition of the traffic, the road gradient and the type of road surface.

2.4.1 
TYPE OF TRAFFIC FLOW

When vehicles are driven in traffic, different pattern dictate the mode of operation of the vehicle. Broadly, there are two types of traffic flow, freely flowing traffic and interrupted traffic.

When traffic flow travels without significant interaction among vehicles then the flow is called freely flowing traffic. As the flow rate increases traffic noise increases upto a maximum then the effect of reducing vehicle speed on noise predominates.

Interrupted traffic flow occurs in urban area, with lot of interaction between the vehicles and vehicles are caused to stop or slow down. For decelerating vehicles the levels of noise decreases, due to fall in power output of the vehicle. For accelerating vehicle, initially the noise level increases and then drops as the speed increases.

2.4.2 
ROAD SURFACE

Road surface texture affects the noise level, because it partially controls the road-tyre interaction. The noise on rough texture will be more than that on smooth surface.

2.4.3 
FACTORS AFFECTING THE PROPAGATION OF NOISE

After the generation from source, the noise propagates through atmosphere and reaches to the receiver, following are the factors that affect the propagation of noise.
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2.4.4 
PROPAGATION OF SOUND IN AIR

When sounds move through air, viscosity cause absorption. This effect is greater for high than low frequencies, so the atmosphere tends to act as a low pass filter, attenuating high frequencies, and thus distorting the frequency of noise, as well as reducing its strength.

2.4.5 
GROUND ATTENUATION

When both source and receive is close to the ground, interferences between the direct and reflected waves produces some curious effect. The reflected waves appears to come from an imaginary sources.

The actual frequency and magnitude of attenuation depends upon the ground impedance and path difference.

2.4.6 
ATTENATION DUE TO DISTANCE

Attenuation to distance depends upon the type of source, whether sound source is point or a line source. Noise from point source attenuates according to inverse square law, and from a line source it attenuates according to inverse law.

2.4.7 
SOUND ATTENUATION BY VEGETATION

Vegetation affects the propagation of low frequency sound by ground absorption can be enhanced in wooden area because of high porosity of the ground resulting from tree roots and fallen leaves etc.
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2.5 
BASIC MEASURING SYSTEMS

Measurement of sound and its characteristics, particularly over all and spectral sound levels need to be determined as a pre-requisite towards noise control. The sophistication of these instruments varies from primitive portable sound level meters and octave band analyzers to real time spectral analyzers coupled with digital computers.

In case rapid evaluation and identification of potential problem is required, with a few exceptions, noise measurements are generally made by electro echostic method in which the noise is converted to an electrical signal through a microphone and subsequently amplified electronically prior to some form of analysis. 

2.5.1 
SOUND LEVEL METER

It is the basic instrument for noise measurement. Meters are available to cover a range of 20 to 180 dB. The specifications usually refers to American National Standards Institute and particularly to the American National Standards specifications for sound level meters. “ANSI S 1.4-1971”. Three ratings 'A' , 'B' & 'C' are provided in this instrument, to give a number which best approximates to the total loudness level for a particular situation, with due consideration of the sound frequencies, intensity and impact levels. The A weighted Scale is most commonly used. It discriminates against frequencies below 500 Hz and most nearly encompasses the most sensitive hearing range of sound i.e. 1000-6000 Hz. The symbol dBA is used to designate the 'A' weighted decible scale which combines both frequencies and pressure levels; it measures environmental noise and should be supplemented by the time or duration to determine the total quantity of sound effecting people. The most important  part of the equipment is a calibrator which generates sound of known standard decible.
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2.5.2 
NOISE DOSIMETER

This instrument measures the amount of potentially injurious noise to which an individual is exposed over a period of time.

2.5.3 
SOUND ANAL YSER

This type of instrument is used when there is a necessity to measure complex sound and sound pressure with special reference to frequency distribution. Sound Analyzers cover different frequency bands. The Octave Band Analyzer is the most common system. The impact noise analyzer is used when the peak level and duration of the impact noise is to be assessed.

2.5.4 
CATHODE RAY OSCILLOGRAPH

Wave formation and pattern of noise can be monitored with the help of this instrument. The magnetic tape-recorder makes possible collection of noise information and subsequent analysis of data.

2.5.5 
OCTAVE BAND ANALYSER

This system has filters which usually divide the noise into 8 possible frequency categories. Each category is called an octave band with frequency ranging from 45-90, 90-180, 180-355, 355-710, 710-1400, 1400-2800, 2800-5600, 5600-11200 Hz. The bands are identified by their center or mid frequencies 63, 125, 250, 500, 1000, 2000, 4000, & 8000 Hz. The audible frequency range of 20 to 20000 Hz is then covered with ten octave bands.
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2.6 
HEARING LOSS AND PSYCHOLOGICAL EFFECTS OF NOISE

2.6.1 
THE HUMAN EAR
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As illustrated in fig, the ear can be considered in three parts, which are generally called the outer, middle, and inner ears. The ear canal (auditory meatus) extends from the pinna to the eardrum (tympanic membrance). The canal itself is approximately oval in cross-section and extends for about 25 mm into the head.

The middle ear is an air-filled cavity, which contains a chain of three small movable bones called the auditory ossicles (the malleus, which is partly within the eardrum, the 
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incus, and the stapes), as well as two minute muscles, which contract, in an involuntary reflex response to intense sounds. The original function of this reflex contraction, which reduces the transmission of sound across the middle ear from loud speech discrimination rather than the protection of the inner ear from loud noises.

The Eustachian tube connects the middle ear cavity to the pharynx and allows the equalization of air pressure on either side of the eardrum.

The cochlea transduces the mechanical vibrations of the ossicles into neural impulses. It is extremely small (about 8 mm in diameter), filled with fluid, and similar in shape to a snail's having about 2 3/4 turns coiled round a central bony pillar which also carries the auditory nerve fibers from the cochlea to the brain.

The cochlea itself is split longitudinally into fluid-filled sections by the -cochlear partition, which is itself a tube filled with another fluid.. The lower part of the partition is formed by a flexible membrance called the basilar membrane, which supports the hair cells. There are three rows of outer hair cells and one row on inner hair cells. They are the sensors, which initiate neural impulses to the brain to produce the sensation of hearing. Immediately above the hair cells is the tectorial membrane, which is relatively rigid, and the hairs of the hair cells are probably attached to its undersides. The upper part of the cochlear partition is called Reissner's membrance.

2.6.2 
THE MECHANISM OF HEARING

The chain of events that leads to the sensation of hearing starts with the passage of sound waves down the ear canal. The eardrum vibrates when these pressure fluctuations impinge upon it. The movement of the eardrum is transmitted by the ossicles to the fluid the cochlea via the oval window. The ossicles chain may be considered as an impedance matching device (or mechanical transformer), which greatly enhances the flow of sound energy across the air/fluid interface. This comes about partly owing to a mechanical advantage and partly to the difference in areas 
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between the eardrum and the footplate of the stapes. Movement of the stapes sets up a series of complex traveling waves within the cochlear fluids. There is a small hole called the helicotrema in the cochlear partition at the apex of the cochlea, and another small flexible membrance called the round window, in the lower part of the cochlea. These enable the fluid motion to take place. This is best illustrated if the cochlea is considered as a straight tube rather than the spiral it is. The round window and the helicotrema. The basilar membrane is displaced as a result of the complex fluid motion, and the relative motion of the flexible basilar membrane and rigid tectorial membrane bends the hairs of the hair cells.

Movement of the hairs causes electrochemical changes to take place in the hair cells, which are transmitted as bursts of neural impulses along the auditory nerve to the brain. The ability of the ear to discriminate between different sounds is understood to result partly from analysis of the sound in the cochlea and partly from analysis in the brain. High frequencies are sensed at the basal end (round window) of the cochlea, and low frequencies at the apical (helicotrema) end.

The ear of a normal healthy young adult is generally regarded as being sensitive to sounds having frequencies at the range from 20 Hz to 20 kHz.

The ear is not equally sensitive over this frequency range, the sensitivity being greatest in the 1 to 4 kHz regions. The binaural free-field threshold of hearing at different frequencies in terms of sound pressure level, and illustrates the particular sensitivity of hearing in the speech frequency range of sounds. The cochlea is an extremely sensitive and delicate mechanism. The amplitude of vibration of the basilar membrane at normal threshold is though to be of the order of 10-10 mm, which is of the order of the diameter of a hydrogen molecule. The dynamic range of a normal young ear is considered to be from about 15 to 150 dB SPL, although damage to the cochlea may start to occur above about 85 dB.
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2.7  
EFFECT OF NOISE ON PEOPLE

There have been numerous claims of a number of adverse non-auditory effects of noise on people. However, the majority of the claims are difficult to evaluate because of inadequate or conflicting information.

The phrase "non-auditory effects" has been coined to encompass those effects on the body other than direct damage to the auditory system; the distinction is clarified by considering the two distinct systems in the auditory pathways of the nervous system. One is a specific projection system, which transmits coded neural impulses from the ear receptors to the higher brain centers for perception and interpretation. The other is a non-specific projection system, which branches off the main auditory pathway into the reticular formation, and then spreads diffusely into different areas of the brain as well as affecting the autonomic nervous system. This non-specific projection system is concerned with the state of arousal and various sensory, motor and autonomic activities.

Very high levels of Sound (above approximately 120 dB) can have direct effects on the body. These three sections are:

1. HEALTH EFFECTS - physiological responses, sleep disturbance, and mental health.

2. PERFORMANCE EFFECTS - the results of field and laboratory studies, the       mechanisms underlying these effects.

3. EFFECTS ON AUDITORY SKILLS - the masking of one sound by another,     reduced loudness, and interference with speech communication.
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2.7.1 
ADVERSE EFFECT ON HEALTH DUE TO NOISE

As already mentioned, Noise is an Unwanted Sound. Moreover, it is a byproduct of human activity. Background noise levels have been on the increase, year by year, over the last few decades.

Noise has been identified as an urban stressor, and prolonged exposure to high noise levels could result in loss of hearing, one of the vital human senses. 

Table 2.6.1 The recommended noise exposure units by the World Health Organization are reproduced below for ready reference ( source: WHO / UNEP report )

	ENVIRONMENT
	RECOMMENDED MAXIMUM Leq
	EFFECT



	Industrial/occupational

Day time


	75dB(A) during 8 hr shifts

55 dB (A)
	Predictable risk of hearing impairment at higher levels

Annoyance increases at higher levels.

	Night time
	45 dB(A)

Difficulty in falling asleep at higher level.
	Difficulty in falling asleep at higher levels.



	Indoor/domestic


	

	Day time
	45 dB(A)
	Speech communication deteriorates at higher levels.



	Night
	35 dB(A)
	Increased awakenings at higher levels.
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Human response to weighted sound levels over a scale starting from Zero dB(A), the threshold of hearing, Zero to  about 120 dB(A) is found to be typically as follows:

	· 0
	-
	Threshold of hearing

	· 10
	-
	Just audible

	· 30
	-
	Very quiet

	· 50
	-
	Quiet

	· 60 but 70
	-
	Intrusive

	· 70
	-
	Telephone use difficult

	· 80
	-
	Annoying

	· 90
	-
	Hearing damage (8 hrs.)

	· 110 but x
	-
	Maximum vocal effort

	· 120
	-
	Limit of amplified speech

	· 120
	-
	Painfully loud


Adverse effects on health due to undue exposure to noise could be physical as well as psychological in nature.

· A sudden unexpected noise could startle a person into injuring himself/herself or others. It cause flexing of various muscles and blinking of the eyes. However, long-term exposure to high levels of noise or sound could cause hearing impairment, either temporary or permanent even a loud cracker results in temporary loss of hearing.

· This is the most common physical effect. It depends not only on the loudness but also on the pitch and the duration of exposure. Noise could also cause constriction of the smaller arteries resulting in speeded up pulse and higher respiration rate. In certain cases it could cause chronic effects such as hypertension or ulcers and an increased skin conductance.

· The most common psychological effect due to continuous noise is that of annoyance. Tolerance varies from person to person and hence the break point and thereafter the degree of annoyance.
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· Noise could also impair an individual's sense of control over his or her environment. If taken to the extreme, this could develop into behavioral manifestations of passivity and helplessness.

· Finally, noise could disrupt one's activity, effect performance and result in lack of concentration. On the other hand, one could become more aggressive and hostile under the effect of noise.

2.7.2 GENERAL PHYSIOLOGICAL EFFECTS

It is now known that high sound levels can induce responses in the human body that are not specifically related to the auditory system. These physiological responses represent essentially a failure of the human organism to remain a passive system. In most instances a physiological change is evident only during, or for a short period after the noise exposure. Specific studies have focused on a (1) the effect of noise on blood circulation, (2) the resistance of the skin to electrical potentials, (3) skeletal-muscle tension, (4) breathing amplitude, and (5) the effect of noise on sleep. There is also some evidence that noise is a contributing factor to changes in the motility of the gastrointestinal tract, changes in the size of the pupils of the eyes, and changes in the rate of saliva and gastric secretions.

2.7.2.1 BLOOD CIRCULATION

In connection with reasonably short, intense sounds, a general constriction of the peripheral blood vessels with a reduction in peripheral blood flow. Generally, the sound levels must be greater than 70 dB(A), and the response may diminish or disappear with a predictable repetition of the signals, results reported from a controlled experiment in which subjects were exposed to intermittent wide band noise during rest periods after quiet manual work. 
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2.7.2.2 SKIN RESISTANCE

Noise has been shown to induce a galvanic skin response (GSR). A relative measure of this response has reported by Davis et al. The relative reduction in the resistance of the skin to electric current was observed as a function of repeated singles of a 98 dB(A) tone near 800 Hz. The change  in an indication of an activation of the peripheral visceral nervous system.

2.7.2.3 MUSIC TENSION

For a steady noise level of 90 dB(A), increased tension was detected in muscles, and sound also influenced the response time of subjects in reacting to a simple task choice. The degree of muscular activity has also been linked to the increase and decrease of sound intensity.

2.7.2.4 BREATHING

Changes in the breathing pattern is occurred for intermittent sound levels of 98 dB(800Hz). 

2.7.2.5 EFFECT OF NOISE ON SLEEP

Disturbance of sleep by excessive or unfamiliar noise is occurred. Sleep is a succession of states or stages, which will vary with age, sex, sleep deprivation, mental and physical states, and general stress, as well as external environmental conditions.

Nevertheless, sleep deprivation is one of the most serious noise-related problems. Even if people are not awakened by noise, they are deprived of the deeper stages of sleep that are essential to health. 
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2.7.2.6 HEARING LOSS

Of all the physiological effects induced by excessively loud sound, the most notable is hearing loss. As early as the 1880s attention was being drawn to the effect of  railroad noise on hearing, and occupational hearing  loss among  boilermakers was of concern as 1890. In recent years attention has been focused not only upon hearing loss attributable to occupational activities, but also to entertainment and recreational pursuits. Loss in hearing sensitivity does not appear to have a threshold; increased exposure to noise of all types and even moderate intensities probably has some cumulative effect over many years.

Severe hearing impairment is often due to illness, infection, and other factors quite unrelated to noise. Regardless of cause, hearing disabilities are identified in terms of  (1) conductive, (2) never, or (3) cortical losses sensitivity.  Conductive losses in hearing are due to defects in the external a canal (meatus), the eardrum, and ossicular chain. A blocking of the canal, thickening of the eardrum, or otosclerosis (immobilization of the ossicular chain) all result in conductive hearing losses. Fortunately, such defect are sometimes amenable to surgical treatment. Never deafness is due to loss of sensitivity in the hair cells of the inner ear; such a hearing loss is usually different for different frequencies and there is no medical remedy. Cortical losses relate to damage or degeneration of neurons in the brain, and such degeneration is irreversible.

2.7.2.7   PERFORMANCE EFFECTS

Another major area of concern is the effect that noise may have on task performance. It is likely that any new sound or change in an existing sound may result an at least momentary distraction, and that this may impair a person's ability to perform some tasks. More generally, changes via the non-specific connections in the cortex associated with prolonged exposure to even relatively steady noise may have some effect on such 
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task performance. Recent research has brought to light the mechanism whereby noise may interfere with task performance.

A classic early study By Weston & Adams found that loom operators working in a 96 db noise environment had a greater output when wearing earplugs. Those individuals who were most aware of a distracting influence of noise showed the greatest improvement with earplugs, but an improvement was evident even amongst those who believed themselves to be unaffected by noise. In spite of this, Broadbent argues that the differences observed were probably due to suggestion and morale boost to the weavers.

Many other such studies have been plagued by this "Hawthorne Effect" named after a series of studies at the GEC works in Hawthorne, Chicago, where it was found that any changes of work conditions, be it an improvement or a degradation, resulted in increased production. 
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2.8  
NOISE CONTROL TECHNIQUES AND THEIR EFFECTS

2.8.1 
NOISE  CONTROL TECHNIQUES


Noise control can be achieved by following techniques.

1. Source Modification:

Intake and exhaust silencers.

Breaks and gearboxes

Engine Noise.

Age of vehicles

Aerodynamic design

2. Operational Modification:

Rerouting

One-way Streets

Synchronization of Signals, Access Control

Horns, Bells and Sirens

3. Transmission path modification:


Building location


Street Width

Noise Barriers

Road Design.

4. Architectural Modification:

Window

Interior Building Layout.
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2.8.2 
EFFECTS

(1) Source modification

· Bruckmayer of the Vienna Technische Hochschue Grz concluded from his studies that a private car with a diesel engine produces 6 dB (A) more noise than one with petrol engine.

·  Bruckmayer also found that there is a difference of 2 to 3 dB (A) between cars 1 to 3 years old and the same type of cars 4 to 6 year old.

·  Bolt Beranck and Newman Inc. Objective Limits for Motor Vehicle Noise Report No. 824 (1962) found that the difference between no silencer and a silencer in good condition is 15 dB (A).

· A particular example of reducing engine noise in a bus by improving the enclosure occurred in London double - decker buses, for which lining and sealing the engine compartment achieved a reduction of 6 dB (A).

· Aspinall and West quoted that a engine with enclosure gives a total reduction of 7 - 11 dB (A).

(2) Transmission Path Modification:

· Rucker and Glick (Germany) have studied experimentally the sound attenuation of 16 different screening systems for reducing traffic noise, they found that the noise reductions achieved ranged between 15 to 26 db (A).

· Jossee, Repin and Gilbert (France) in their study found the reduction of 15 to 20 dB (A).

·  In a study of the Noise levels in London, the Greater London Council made theoretical calculations of the noise reduction effect of screens of varying height.

	Screen Height
	Noise Reduction

	1.5 m
	9 to 15 db (A)

	   5 m
	17 to 22 db (A)

	10  m
	22 to 25 db(A)
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· The Nordic Committee For Building regulations found that thick, leafy, vegetation reduces 2-3 dB (A)10 m meters and thick plantation of coniferous trees reduces 5 – 10 db.

· Paul Nelson, found out excess attenuation with respect to grassland of the order of 0.5 - 1.5 dB (A) per 10 m of dense vegetation depth.

· A change in road surface from rough to smooth asphalt can lower the noise level by about 5 dB (A).

(3)
ARCHITECTURAL MODIFICATION

· The building research Station (United Kingdom) shows that when windows are open, the difference between noise levels outdoors and indoor will be about 14 dB (A).  On average; with closed windows the difference windows, intruding noise may be reduced by as much as 45 dB, when windows are closed.
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CHAPTER-3

A CASE STUDY OF NCT OF DELHI

3.1 
MATERIALS AND METHODS

3.1.1
NOISE STANDARDS IN INDIA

The line of action of this study was set with reference to the ambient air quality standards in respect of noise, which were notified by the Government of India under The Environment (Protection) Rules, 1986.

The standards are in the form of maximum allowable limits of concentration of noise for an area. The basic set of sound measurement protocol advanced in this survey is cumulative measurement based on the Leq concept, which is also the index accepted by the standards.

To develop measures of more general utility than those whose utility is limited to certain specific noise, the International Standards Organization (ISO) have chosen a format of A-weighted descriptor design to satisfy the following considerations:

· The measure should be applicable to the evaluation of pervasive long term noise is various defined areas and under various conditions over long period of time.

·  The measure should correlate well with known effects of the noise environment of the individual and the public.

· The measure should be simple, practical and accurate. In principle, it should be useful for planning as well as for enforcement or monitoring purposes.

· The required measurement equipment, with standardized characteristics, should be commercially available.

· The measure should be closely related to existing methods currently in use.
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TABLE 3.1 AMBIENT AIR QUALITY STANDARDS IN RESPECT OF NOISE

	Area code


	Category of Area


	Limit in db (A) Leq

Day Time                          Night Time

	(A) 


	Industrial area 


	75
	70

	(B)
	Commercial area
	65
	55

	(C)
	Residential area
	55
	45

	(D)
	Silence zone
	50
	40


Note -

1. Day Time is reckoned in between 6 a.m. and 10 p.m.

2. Night Time is reckoned in between 10pm and 6 a.m.

3.   Silence zone is defined as area upto 100 meters around such premises as hospitals,       educational institutions and courts.

·  The single measure of noise at a given location should be predictable, within an acceptable tolerance, from knowledge of the physical events producing the noise.

· The measure should lend itself to small, simple monitors, which can be left untended in public area for long periods of time.

These requirements when coupled with the physical attributes of sound that influence human response, lead to the conclusion that the magnitude of sound is of most importance insofar as cumulative noise effects are concerned. Equivalent sound level Leq is considered the best measure for the magnitude of environmental noise. Recognizing need for uniformity of methodology for measuring and assessing cumulative community environmental noise, India has also adopted Leq as the measure in the Environment protection Rules.
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The various technique are available for noise pollution measurement, there is a scope to improve upon the earlier studies on noise in Delhi. The aim of the present study to check the existing noise pollution

Location

In all 24 locations were selected all over Delhi for this study. The number of locations in various zones are as follows:

Zone



Number of Locations

Residential


04

Commercial


04

Traffic crossings

16

Time lag and monitoring period:

With adequate background knowledge on traffic and community pattern of Capital, two hourly time lag - During day time (12 AM to 2 PM), Peak traffic hours (6PM to 8 PM) and Most Probable Background Noise Level hours or Night hours (10PM to 12 AM).was taken.

Fifteen minute readings were taken in each time lag.

Instrument:

Integrated, digital sound level meter (9 –Volt Battery operated) of MET RAVI make SL : 4005 was used to measure the noise level. 
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Residential area monitored ,

1. Adarsh Nagar

2.Shalimar Bagh 

3.Chirag Delhi 

4. Yamuna Vihar 








Commercial area monitored

1.Nehru Palace 



2. Karol Bagh 




3. Chandni Chowk 



4. Connaught Place 



Traffic Junction monitored

1.  Kingsway Camp 

2.  Wazirabad Crossing 

3.  Bhajan Pura Crossing 

4.  I.T.O.

5.  Ashram Chowk 

6.  Badar Pur Lal Kuan Crossing 

7.  Lajpat Nagar Crossing 

8.  Andrews Ganj Crossing

9.  AIIMS Crossing 

10. Moti Bagh Crossing 

11. Dhaula Kuan 

12. Raja Garden Crossing 

13. Punjabi Bagh Crossing 

14. Peera Garhi Chowk Crossing 

15. Rohtak Road Crossing N.H. 10 

16. Jahangir Puri Outer Ring Road Crossing N.H. 1 
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Map showing selected areas and locations of Noise Monitoring
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Residential area monitored, shown in the Map as R1, R2, R3 & R4 :

R1- Adarsh Nagar

R2-Shalimar Bagh 

R3-Chirag Delhi 

R4- Yamuna Vihar 








Commercial area monitored, shown in the Map as C1, C2, C3 & C4 :

C1-Nehru Palace 



C2- Karol Bagh 




C3- Chandni Chowk 



C4- Connaught Place 



Traffic Junction monitored, shown in the Map as T1 to T16 :

T1-  Kingsway Camp 

T2- Wazirabad Crossing 

T3-  Bhajan Pura Crossing 

T4.- I.T.O.

T5-  Ashram Chowk 

T6-  Badar Pur Lal Kuan Crossing 

T7-  Lajpat Nagar Crossing 

T8-  Andrews Ganj Crossing

T9-  AIIMS Crossing 

T10- Moti Bagh Crossing 

T11- Dhaula Kuan 

T12- Raja Garden Crossing 

T13-Punjabi Bagh Crossing 

T14- Peera Garhi Chowk Crossing 

T15- Rohtak Road Crossing N.H. 10 

T16- Jahangir Puri Outer Ring Road Crossing N.H. 1 
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3.2
DATA PRESENTATION

The aim of the collection of the data is to know the existing noise level i.e. equivalent sound level (Leq dB (A)) and the other statistical values such as L90 L10 , L Peak, L Max & L Min to estimate the actual impact on the community. Using this data, different type of indices like Traffic Noise Index (TNI), Noise Pollution Level Index (LNP), Community Noise Equivalent Level Index (CNEL) and Day-Night Average Sound Level Index (Ldn) are also developed. CNEL and Ldn are calculated in the light of finding of Rossall, 1978.

3.2.1 EQUIVALLENT CONTINUOUS SOUND LEVEL (Leq) 

'A' weighted Sound Level LA (U.S.E.P.A., 1974) Leq is the level of a theoretical steady noise equivalent in energy (or mean square sound pressure) to the real fluctuation noise over a given period of time. Because of the general acceptance of 'A' Weighted scale, Leq is generally, understood to be 'A' weighted.

The mathematical expression for Leq is

Leq = A = 10 log [1/T ƒT0 (P /P0)2 dt] 

= 10 log [1/T ƒT0 10 (L(t)/10) dt ] dBA 

where L(t) is the lime varying level.

3.2.2
Traffic Noise Index (TNI)

Traffic Noise Index is also known as Noise Climate. This rating is based on statistical analysis of outdoor traffic noise ‘A' weighted levels, and takes into the account background level i.e. L90 and the level fluctuation in terms of the so called noise climate

TNI = L90 + 4 (L10 – L90) - 30*.

*Constant to bring the impact into conventional range.
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3.2.3
NOISE POLLUTION LEVEL (LNP)

This index is intended to take into the account the additional disturbing or annoying influence of noise level fluctuation. An approximate expression for LNP for most community situation is

LNP = Leq + (L10 - L90)

where L10 – L90 evaluates the difference between intense level and the background level (noise climate).

3.2.4
DAY & NIGHT AVERAGE SOUND LEVEL (Ldn)

This is a modified version of LA for 24 Hrs. to take into the account the greater annoyance produced by the noise at the night period. It includes a penalty of 10 dB for period from 2200 hours to 7000 hours. It's mathematical formula for discrete values of day (Ld) and night (Ln) level is

Ldn = 10 log (1/24 (15 x 10 Ld/I0 + 9 x 10 (Ln+10) /10)) (dBA) 

Where
Ld = A Weighted Leq for day time period

Ln = A Weighted Leq for night time period

3.2.5
COMMUNITY NOISE EQUIVALLENT LEVEL (CNEL)

It is a single number index designed to rate environmental noise on a daily basis. In this rating scheme, weightings are selected to account for increased sensitivity to noise in the evening and night hours. Mathematically, the CNEL is given by

CNEL = 10 Log (1/24 (12 x 10Ld/10+3 x 10(Le+5)/10 + 9 x 10(Ln+l0)/10)) ( dBA)

Ld = A Weighted Leq for day time period (dBA) 

Le = A Weighted Leq for evening time period (dBA) 

Ln = A Weighted Leq for night time period (dBA) 
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CHAPTER-4

RESULTS AND DISCUSSION

Data collected in the field through monitoring is being presented and discussed after segregation of the data for different zones.

4.1
RESIDENTIAL ZONE

Residential area monitored ,

1. Adarsh Nagar






 

2. Shalimar Bagh 





3. Chirag Delhi 

4. Yamuna Vihar 








The observations taken on various locations as above are mentioned in Table 1 to 4 .

TABLE-1 
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT ADARSH NAGAR

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	LNP

	A-Day Time
	66.4
	63.9
	45.0
	101.0
	84.6
	33.6
	85.3



	B-Peak Traffic Hrs.
	65.8
	61.3
	45.0
	95.9
	85.6
	33.6
	82.1



	C-Night Time
	64.4
	45.8
	38.6
	95.9
	74.5
	37.0
	71.6


Location                              -Shivaji Road

Distance from main road     -100 meters

Regular Noise source            -vehicular movement 

Occasional noise Source      - Household  noise, honking of Horns

All values in db(A)
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TABLE -2
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT SHALIMAR BAGH

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	LNP

	A-Day Time
	66.6
	59.9
	46.4
	100.7
	79.0
	43.4
	78.1



	B-Peak Traffic Hrs
	65.4
	59.9
	48.9
	97.1
	76.8
	33.6
	76.4



	C-Night Time
	64.2
	45.7
	39.2
	110.3
	86.2
	38.6
	70.4


Location                              -AL Block

Distance from main road     -30 meters

Regular Noise source           -Vehicular movement 

Occasional noise Source      - Household  noise, Honking of horn

All values in db(A)

TABLE - 3
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT CHIRAG DELHI

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	LNP

	A-Day Time
	59.0
	59.5
	55.6
	106.0
	82.2
	55.6
	62.9



	B-Peak Traffic Hrs
	55.6
	58.5
	41.0
	103.6
	75.7
	38.1
	73.1



	C-Night Time
	50.7
	42.2
	35.3
	116.4
	82.5
	32.5
	57.6


Location                              - Near Govt. Boys Sr. Sec School

Distance from main road     -100 meters

Regular Noise source            -Vehicular movement 

Occasional noise Source      - Household noise, Music systems etc.

All values in db(A)
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TABLE- 4 
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE 

    LEVEL & OTHER VALUES AT YAMUNA VIHAR

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	LNP

	A-Day Time
	53.6
	56.6
	36.7
	90.0
	72.6
	35.3
	73.5



	B-Peak Traffic Hrs
	54.0
	54.1
	37.7
	91.6
	75.6
	36.0
	70.4



	C-Night Time
	39.4
	37.7
	35.0
	88.0
	65.4
	35.0
	42.1


Location                              - B Block 

Distance from main road     -60 meters

Regular Noise source            -Vehicular movement 

Occasional noise Source      - Household noise, Music system

All values in dB(A)

On the basis of primary data alone, all the colonies are nosier than the stipulated standards at peak hours  of day time. However, in night hours, noise level is marginally exceeding the prescribed norms. The principal noise contributing factor remains in almost all the cases the heavy traffic movement. The excessive noise in night hours could be attributed to unrestricted flow of heavy traffic, particularly from neighboring states in the night hours which remains restricted during the peak hour times.

This confirms that the heavy vehicles are a significant contributor to noise pollution particularly in residential colonies. 

The Table No. 5 show L10 & L90 values in residential area. The range of L10 for residential area is 56.6 to 63.9 dB(A) in day hours, 54.1 to 61.3 dBA is the range in peak hour and in night it varied from 37.7 dBA to 45.8 dBA while L90 ranged between 36.7 dBA 45.0 dBA in day hours, 37.7 dBA to 45.0 dBA in peak hour and 35.0 dBA to 38.6 dBA in night hours.

46

Computed values of CNEL and Ldn are shown in Table 6. The analysis of secondary data shows that minimum Ldn is 51.7 dBA in Yamuna Vihar area and maximum Ldn is 83.0 dBA at Adarsh Nagar. Hence therefore, colonies are affected from noise pollution on the basis of the secondary data.

TABLE-5
 L90 & L10 values in residential areas during different time-lag 

	S.N
	Name Of area
	Day
	Peak
	Night

	
	
	L90
	L10
	L90
	L10
	L90
	L10

	1
	ADARSH NAGAR
	45.0
	63.9
	45.0
	61.3
	38.6
	45.8

	2
	SHALIMAR BAGH
	46.4
	59.9
	48.9
	59.9
	39.2
	45.7

	3
	CHIRAG DELHI
	55.6
	59.5
	41.0
	58.5
	35.2
	42.2

	4
	YAMUNA VIHAR
	36.7
	56.6
	37.7
	54.1
	35.0
	37.7


All values in dB(A)         

TABLE-6        CNEL & Ldn values in Residential Area of  Delhi 

	 S No.                           
	Residential Area
	CNEL
	Ldn

	1
	ADARSH NAGAR
	71.3
	83.0

	2
	SHALIMAR BAGH
	70.9
	70.5

	3
	CHIRAG DELHI
	59.9
	58.3

	4
	YAMUNA VIHAR
	59.5
	51.7


All values in dB(A)
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FIG -1 

NOISE POLLUTION LEVELS AT  ADARSH   






NAGAR
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FIG-2 

NOISE POLLUTION LEVELS AT SHALIMAR  

BAGH
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FIG-3 

NOISE POLLUTION LEVELS AT CHIRAG  

DELHI
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FIG -4 
NOISE POLLUTION LEVELS AT YAMUNA 

VIHAR 
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4.2
COMMERCIAL ZONE

The following four major commercial areas was selected for the noise monitoring:

1. Nehru Place

2. Karol Bagh 

3. Chandni Chowk

4. Connaught Place

The primary data is mentioned in Table 7 to 10.

TABLE-7
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT NEHRU PLACE

	                                
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	LNP

	A-Day Time
	56.4
	57.8
	48.4
	85.6
	72.4
	44.8
	65.8

	B-Peak Traffic Hrs
	60.2
	62.7
	48.7
	93.2
	81.9
	41.8
	74.2



	C-Night Time
	44.9
	43.9
	35.0
	98.4
	72.2
	34.6
	53.2


Location                              - Near Commercial Complex

Distance from main road    - On Road

Regular Nose source           - Vehicular movement and commercial activities 

Occasional noise Source     - Honking of  horns

All values in dB(A)

TABLE-8
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT KAROL BAGH

	                                
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	LNP

	A-Day Time
	67.7
	69.8
	59.0
	102.8
	84.3
	50.3
	78.5

	B-Peak Traffic Hrs
	67.7
	70.1
	61.2
	112.8
	87.3
	56.8
	76.6



	C-Night Time
	58.0
	59.9
	49.5
	96.8
	78.0
	46.0
	68.4


Location                              - Afzal Khan Road 

Distance from main road    - On the main road

Regular Noise source          - Commercial activity & traffic noise

Occasional noise Source     - Honking of horns

All values in dB (A)
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TABLE-9     EQUIVALENT SOUND LEVEL, PERCENTILE         NOISELEVEL & OTHER VALUES AT CHANDNI      CHOWK

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	LNP

	A-Day Time
	64.8
	66.9
	57.4
	101.6
	82.7
	53.7
	74.3

	B-Peak Traffic Hrs
	64.8
	67.3
	56.3
	111.6
	82.6
	51.7
	75.8



	C-Night Time
	63.0
	66.6
	48.4
	102.8
	84.0
	38.3
	81.2


Location                              - Near Nai Sarak

Distance from main road    - On the main street

Regular Noise source          - Commercial activities, moving traffic

Occasional noise Source     - Honking of horns

All values in dB (A)

TABLE-10
EQUIVALENT SOUND LEVEL, PERCENTILE             NOISE LEVEL & OTHER VALUES AT CONNAUGHT PLACE

	                                
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	LNP

	A-Day Time
	62.1
	64.3
	55.6
	90.8
	87.7
	55.6
	70.8

	B-Peak Traffic Hrs
	58.4
	60.9
	49.2
	92.0
	79.4
	44.1
	70.1



	C-Night Time
	45.7
	44.6
	37.7
	97.2
	73.6
	35.2
	52.6


Location                              - Inner circle 

Distance from main road    - On Corridors

Regular Noise source           - Vehicular movement, Commercial activity 

Occasional noise Source     - Honking of horns

All values in dB (A)
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The observed noise equivalent level (Leq) varied between 56.4 dB(A) to 67.7 dB(A) in day time, 58.4 dB(A) to 67.7 dB (A) in peak traffic hours and 44.9 dB(A) to 63.0 dB(A) in night hours. Karol Bagh shows maximum value in day and peak traffic hours while in night hours the maximum value is observed at Chandni Chowk. The significant observation at Chandni Chowk is that the range of Leq. value varies between 63.0 dB(A) to 64.8 dB(A) which show almost constant level of noise throughout day night.

The L10 & L90 values are shown in Table 11. The L10 value ranged from 57.8 to 69.8 dB(A) in day hours. In peak traffic hours Lw ranged between 60.9 dB(A) to 70.1 dB(A). In Night hours the L10 varied between 43.9 dB(A) to 66.6 dB(A). In day hours & peak traffic hours its maxima was at Karol Bagh and at night maxima was observed at Chandni Chowk.The minimam was observed in day & night hours at Nehru Palace and during peak traffic hours at Connaught Place inner circle. In Chandni Chowk observed values of L10 in the range of 66.6 dB (A) to 67.3 dB(A).

The L90 value ranged from 48.4 dB(A) to 59.0 dB(A) in day hour, 48.7 dB(A) to 61.2 dB(A) in peak traffic hours 35.0 dB(A) to 49.5 dB(A) in night hours. The maximam was always observed at Karol Bagh & minimam at Nehru Palace.

L90 values reveals that all commercial locations are within limit 55/ 45 dB(A) for at least 10% of time. Nehru Palace & Connaught Place are two location which meet the prescribed levels for 90% of any given time while Karol Bagh & Chandni Chowk exceed the prescribed limit for 90% duration of any given time.

The secondary data is shown at Table 11. LNP is ranged from 65.8 dB(A) to 78.5 dB(A) in day hours, 70.1 dB(A) to 76.6 dB (A) in peak traffic hours and 53.2 dB (A) to 81.2 dB(A) in night hours. This values once again confirm the trend observed through Leq. values. When community noise equivalent level and day and night average is 
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considered, the maximum noise was observed at Chandni Chowk. where the Ldn & CNEL values are respectively 82.0 dB(A) & 69.2 dB(A) as compared to the assumed standard level 64.6 dB(A) & 74 dB (A) respectively.

TABLE-11   
L90 & L10 (dBA) values in Commercial Areas during 

Different time-lag 

	 Locations 
	L10
	L90

	
	A
	B
	C
	A
	B
	C

	Nehru Place
	57.8
	62.7
	43.9
	48.4
	48.7
	35.0

	Karol Bagh
	69.8
	70.1
	59.9
	59.0
	61.2
	49.5

	Chandni Chowk 
	66.9
	67.3
	66.6
	57.4
	56.3
	48.4

	Connaught Place
	64.3
	60.9
	44.6
	55.6
	49.2
	37.7


   All values in dB(A)

 TABLE-12
             CNEL & Ldn (dBA) Values in commercial Areas of Delhi 

	S No.
	Commercial Area 
	CNEL
	Ldn

	1
	Nehru Place
	56.2
	56.8

	2
	Karol Bagh 
	66.8
	67.4

	3
	Chandni Chowk
	69.2
	82.0

	4
	Connaught Place
	69.7
	58.7


 All values in dB (A)
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FIG-5 

NOISE POLLUTION LEVELS AT NEHRU PLACE
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FIG-6 

NOISE  POLLUTION  LEVELS  AT  KAROL 

BAGH 
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FIG -7   
NOISE POLLUTION LEVELS AT CHANDNI 


CHOWK
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FIG - 8 
NOISE POLLUTION LEVELS AT CONNAUGHT 

PLACE
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4.3
TRAFFIC JUNCTIONS

The observed values for the 16 traffic junctions are shown in Table 13 to 28. A perusal of the primary data shows that  locations namely I.T.O. crossing (81.6 dB(A)), dB(A)) and Andrews Ganj crossing exceed 80.0 dB(A) Leq during day time. During peak hour traffic  locations namely , Punjabi Bagh crossing (81.3 dB (A)), Dhaula Kuan & Moti Bagh crossings (80.9 dB (A) each) and Andrews Ganj crossing surpass 80.0 dB (A) Leq mark. As against this, none of the crossings record Leq levels more than 80.0 dB(A) during night time. However, crossings viz., Kingsway Camp (76.7 dB(A)), Ashram chowk (76.1 dB(A)), Lajpat Nagar crossing (76.0 dB (A)), Peeragarhi crossing (76.0 dB(A)), Moti Bagh crossing (75.9 dB (A)), Dhaula Kuan crossing (75.3 dB(A)) and IT.O. crossing (75.3 dB(A)) which exceed 75.0 dB(A) Leq mark during night time.

TABLE-13
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE

                        
 LEVEL & OTHER VALUES AT WAZIRABAD CROSSING

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	78.7
	81.0
	69.1
	108.0
	91.0
	62.2
	86.7
	90.6

	B-Peak Traffic Hrs
	79.7
	81.1
	70.9
	100.4
	93.4
	65.7
	81.7
	89.9

	C-Night Time
	72.5
	75.2
	58.1
	96.8
	86.7
	51.3
	96.5
	89.6


Location                              - Outer ring Road, Wazirabad crossing

Distance from main road    - On the edge of road

Regular Noise source           - Vehicular noise(engine noise) mainly heavy vehicles 

Occasional noise Source     - Honking of horns

All values in dB(A)
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TABLE-14      EQUIVALENT SOUND LEVEL, PERCENTILE NOISE

                         LEVEL & OTHER VALUES AT KINGSWAY CAMP CROSSING

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	78.2
	80.8
	68.5
	107.6
	93.6
	63.7
	87.7
	90.5

	B-Peak Traffic Hrs
	77.5
	79.8
	69.0
	102.8
	84.3
	60.5
	82.2
	88.3

	C-Night Time
	76.7
	79.4
	65.8
	105.6
	86.1
	57.5
	90.2
	90.3


Location                              - Kingsway camp crossing 

Distance from main road    - On the edge of crossing approx . 5m

Regular Noise source           - Light medium Vehicle, Bus etc. 

Occasional noise Source     - Honking of horns

All values in dB(A)

TABLE-15
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT PUNJABI BAGH CROSSING

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	79.1
	81.4
	70.5
	103.6
	86.9
	64.6
	84.1
	90.0

	B-Peak Traffic Hrs
	81.3
	83.2
	70.9
	108.0
	90.5
	63.7
	90.1
	93.6

	C-Night Time
	73.2
	76.1
	63.1
	94.8
	79.7
	56.2
	85.1
	86.2


Location                              - Rohtak road, Ring road crossing

Distance from main road    - Edge of crossing

Regular Noise source           - Vehicular traffic including heavy transport vehicle, 

Occasional noise Source     - Honking of horns 

All values in dB(A)
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TABLE-16
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT RAJA GARDEN CROSSING
	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	79.0
	81.7
	70.9
	105.2
	83.4
	65.0
	84.1
	89.8

	B-Peak Traffic Hrs
	78.6
	80.7
	70.6
	100.8
	86.2
	65.4
	81.0
	89.4

	C-Night Time
	62.6
	58.6
	47.0
	93.6
	77.4
	45.6
	63.4
	74.2


Location                              - Road crossing

Distance from main road    - On the edge

Regular Noise source           - Vehicular traffic mainly light & commercial vehicle, 

                                               honking of horns 

Occasional noise Source     - Sirens

All values in dB(A)

TABLE-17 
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT ROHTAK ROAD CROSSING NH - 10

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	72.4
	74.3
	60.5
	96.4
	83.3
	53.6
	85.7
	86.2

	B-Peak Traffic Hrs
	75.4
	77.0
	65.6
	99.2
	86.8
	65.6
	81.2
	86.8

	C-Night Time
	73.3
	75.4
	59.0
	98.4
	83.7
	52.2
	94.6
	89.7


Location                              - Rohtak Road

Distance from main road    - Road side

Regular Noise source           - Vehicles  

Occasional noise Source     - Honking of horns

All values in dB(A)
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TABLE-18
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT PEERAGARHI CHOWK

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	75.8
	78.0
	69.6
	95.6
	80.4
	66.8
	73.2
	84.2

	B-Peak Traffic Hrs
	76.6
	77.6
	69.9
	98.4
	87.8
	66.3
	70.7
	84.3

	C-Night Time
	76.0
	79.5
	62.5
	99.2
	81.1
	64.2
	100.5
	93.0


Location                              - Outer ring road Rohtak road crossing

Distance from main road    - On the edge

Regular Noise source           - Heavy Vehicular movement 

Occasional noise Source     - Honking of horns

All values in dB(A)

TABLE-19
 EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT BHAJANPURA CROSSING

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	73.5
	75.7
	68.3
	98.8
	73.6
	65.6
	67.9
	80.9

	B-Peak Traffic Hrs
	75.4
	75.2
	66.2
	97.2
	85.1
	62.1
	72.2
	84.4

	C-Night Time
	64.2
	67.0
	53.9
	94.0
	73.9
	49.6
	76.3
	77.4


Location                              - Bhajan Pura traffic Crossing

Distance from main road    - On the edge 

Regular Noise source           - Vehicular movement, Engine noise

Occasional noise Source     - Honking of horns

All values in dB(A)
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TABLE-20
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT DHAULA KUAN CROSSING

	                              
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	77.5
	79.7
	71.5
	102.4
	81.8
	66.1
	74.3
	85.7

	B-Peak Traffic Hrs
	80.9
	81.2
	67.1
	114.8
	79.7
	58.0
	93.5
	95.0

	C-Night Time
	75.3
	75.8
	61.9
	97.2
	69.8
	56.0
	87.5
	89.2


Location                              -On ring road

Distance from main road    - Side of Circle

Regular Noise source           - All types of Vehicles

Occasional noise Source     - Honking of horns

All values in dB(A)

TABLE-21
 EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT MOTI BAGH CROSSING 

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	77.9
	81.1
	67.5
	98.8
	82.1
	58.8
	91.9
	91.5

	B-Peak Traffic Hrs
	80.9
	81.2
	67.1
	106.4
	96.3
	63.4
	93.5
	95.0

	C-Night Time
	75.9
	76.4
	61.9
	99.2
	82.3
	58.4
	89.9
	90.4


Location                              - Moti Bagh road crossing (Under the Fly Over)

Distance from main road    - On the edge of road

Regular Noise source           - Vehicles  

Occasional noise Source     - Honking of horns

All values in dB(A)
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TABLE-22
 EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT BADARPUR LAL KUAN NH - 2

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	77.6
	79.6
	69.8
	98.8
	85.7
	60.3
	79.0
	87.4

	B-Peak Traffic Hrs
	73.4
	78.0
	66.2
	108.0
	84.2
	61.8
	83.4
	85.2

	C-Night Time
	71.0
	74.2
	60.5
	92.0
	80.1
	54.7
	85.3
	84.7


Location                              - Mathura Road – Lal Kuan crossing

Distance from main road    - On the edge of road

Regular Noise source           - Vehicles  

Occasional noise Source     - Honking of horns

All values in dB(A)

TABLE-23
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT I.T.O CROSSING (Ring Road)    

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	81.6
	84.5
	65.9
	103.6
	87.5
	58.1
	110.3
	100.2

	B-Peak Traffic Hrs
	78.9
	80.8
	71.5
	97.2
	81.1
	62.1
	78.7
	88.2

	C-Night Time
	75.3
	76.1
	60.0
	94.2
	84.0
	50.1
	94.4
	91.4


Location                              - Ring Road Vikas Marg crossing

Distance from main road    - On the edge of road

Regular Noise source           - Heavy Vehicles

Occasional noise Source     - Honking of horns

All values in dB(A)
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TABLE-24
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT ASHRAM CHOWK (CROSSING) 

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	78.8
	80.8
	68.6
	102.0
	82.0
	60.1
	87.4
	91.0

	B-Peak Traffic Hrs
	78.2
	79.7
	69.0
	100.0
	83.0
	63.1
	81.8
	88.9

	C-Night Time
	76.1
	77.9
	63.5
	99.6
	87.0
	58.1
	91.1
	90.5


Location                              - Mathura road – Ring road crossing

Distance from main road    - Edge of the Crossing

Regular Noise source           - Heavy vehicles 

Occasional noise Source     - Honking of horns

All values in dB(A)

TABLE-25
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT A.I.I.M.S CROSSING

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	78.8
	80.8
	66.9
	100.2
	82.3
	66.1
	92.5
	92.7

	B-Peak Traffic Hrs
	79.8
	79.9
	67.8
	100.4
	85.0
	60.1
	86.2
	91.9

	C-Night Time
	74.5
	74.9
	60.5
	94.8
	91.3
	56.1
	88.1
	88.9


Location                              - Ring Road –over Fly over

Distance from main road    - On the edge of the crossing

Regular Noise source           - Vehicles 

Occasional noise Source     - Honking of horns

All values in dB(A)
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TABLE-26
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT ANDREWS GANJ CROSSING
	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	80.4
	82.6
	73.0
	98.0
	83.9
	66.1
	81.4
	90.0

	B-Peak Traffic Hrs
	80.7
	82.3
	66.0
	101.8
	85.3
	60.1
	101.2
	97.0

	C-Night Time
	73.6
	82.9
	56.3
	100.4
	90.0
	50.1
	132.7
	100.2


Location                              - Ring Road Khel Gaon Road crossing

Distance from main road    - On the edge of the crossing

Regular Noise source          - Vehicles 

Occasional noise Source     - Honking of Horns

All values in dB(A)

TABLE-27      EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT LAJPAT NAGAR CROSSING

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	79.5
	79.9
	71.3
	101.6
	92.0
	68.1
	74.9
	88.1

	B-Peak Traffic Hrs
	77.5
	78.3
	68.5
	100.0
	83.6
	66.1
	77.7
	87.3

	C-Night Time
	76.0
	76.8
	58.3
	105.6
	91.0
	52.1
	102.3
	94.5


Location                              - Near Mulchand flyover on ring road

Distance from main road    - On the side of ring road

Regular Noise source           - Vehicular movement 

Occasional noise Source     - Honking of horns

All values in dB(A)
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TABLE-28
EQUIVALENT SOUND LEVEL, PERCENTILE NOISE LEVEL & OTHER VALUES AT  Jhangirpur Outer Ring Road Crossing

	
	Leq
	L10
	L90
	Peak
	Max.
	MIN.
	TNI
	LNP

	A-Day Time
	75.8
	78.0
	69.6
	95.0
	81.1
	66.3
	73.0
	83.8

	B-Peak Traffic Hrs
	77.0
	78.1
	70.0
	98.2
	88.4
	66.1
	71.0
	84.5

	C-Night Time
	76.2
	78.8
	63.5
	98.4
	81.5
	63.8
	98.0
	92.2


Location                              - Outer Ring Road

Distance from main road    - Edge of the road

Regular Noise source           - Vehicles

Occasional noise Source     - honking of horns

All values in dB(A)

The L10 and L90 values for the observed traffic crossings are shown in Table 29 . The maximum L10 value during day time (81.7 dB(A)) is observed at Rohtak Road crossing while the minimum (74.3 dB(A)) was observed at Raja Garden crossing during the same period. It is AIIMS crossing which has minimum L10 value (79.9 dB(A)) and Punjabi Bagh crossing has maximum L10 value (83.2 dB(A)) during peak traffic hours. It is again Raja Garden crossing which has minimum L10 value during night (58.6 dB(A)). The maximum L10 value during night is at AndrewsGanj crossing (82.9 dB(A)).

In terms of L90 values, Andrews Ganj (73.0 dB(A)), record maxima during day, peak traffic hour and night hours respectively. The corresponding minimum L90 values are observed at Rohtak road crossing (60.5 dB(A)), and Raja Garden crossing (47.0 dB(A)) respectively. It can also be seen that all traffic intersections are noisier than 60.5 dB (A), 64.3 dB(A) and 47.0 dB(A) during day, peak traffic hour and night hours 
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respectively. It is noteworthy that all the traffic junctions under reference are either in the residential areas or near sensitive/ silence zones.

The traffic noise index values have been incorporated in the tables which list Leq values. It may be seen that I.T.O. crossing has maximum TNI (110.3 dB(A)) during day time In the night hours, Andrews Ganj has recorded exceptionally high TNI value (132.7 dB(A)).

Table 30  contains computed CNEL and Ldn values. The CNEL values ranged between 77.0 dB(A) and 95.0 dB(A) while Ldn ranges between 76.5 dB(A) and 94.1 dB(A).

TABLE-29   
L10 & L90 (dBA) Value at Road Traffic Crossing 

	
	
	L10
	L90

	
	
	A
	     B
	     C
	      A
	     B
	     C

	1
	Wazirabad Crossing
	81.0
	81.1
	75.2
	69.1
	70.9
	58.1

	2
	Kingsway Camp
	80.8
	79.8
	79.4
	68.5
	69.0
	65.8

	3
	Punjabi Bagh
	81.4
	83.2
	76.1
	70.5
	70.5
	63.1

	4
	Raja Garden
	81.7
	80.7
	58.6
	70.9
	70.6
	47.0

	5
	Rohtak Rd. Crossing NH – 10
	74.3
	77.0
	75.4
	60.5
	65.6
	59.0

	6
	Peeragarhi Chowk
	78.0
	77.6
	79.5
	69.6
	69.9
	62.5

	7
	Bhajan Pura 
	75.7
	75.2
	67.0
	68.3
	66.2
	53.9

	8
	Dhaula Kuan
	79.7
	81.2
	75.8
	71.5
	67.1
	61.5

	9
	Moti Bagh
	81.1
	81.2
	76.4
	67.5
	67.1
	61.9

	10
	Badar Pur Lal Kuan
	79.6
	78.0
	74.2
	69.8
	66.2
	60.5

	11
	I.T.O
	89.5
	80.8
	76.1
	65.9
	71.5
	60.0

	12
	Ashram Chowk
	80.8
	79.7
	77.9
	68.6
	69.0
	63.5

	13
	A.I.I.M.S
	808
	79.9
	74.9
	66.9
	67.8
	60.5

	14
	Andrews Ganj
	82.6
	82.3
	82.9
	73.0
	66.0
	56.3

	15
	Lajpat Nagar
	79.9
	78.3
	76.8
	71.3
	68.5
	58.3

	16
	Jahangir Outer Ring Road Crossing
	78.0
	78.1
	78.8
	69.6
	70.0
	63.5
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TABLE-30   
CNEL & Ldn value at difficult traffic crossing (in dBA)

	S.No.   Location                                      

CNEL 
Ldn

	1. Wazirabad crossing 



80.0

80.3

	2. Kingsway camp 


83.0

82.5

	3. ITO 





83.1

94.1

	4. Ashram chowk 



83.1

85.0


	5. Badarpur Lal Kuan crossing 


83.5

82.9

	6. Lajpat Nagar crossing 


90.1

82.7

	7. Andrews Ganj crossing 


95.1

81.3

	8. AIIMS crossing 



82.1

81.5

	9. Moti Bagh crossing 



93.0

82.9

	10. Dhaula Kuan 




94.1

94.1

	11. Raja Garden 




82.4

82.2

	12. Punjabi Bagh 




78.5

81.3

	13. Peera Garhi Chowk 



82.1

82.4

	14. Najafgarh Road crossing NH-l0 

82.6

87.1

	15. Rohtak Road crossing NH-10 

77.0

76.5

	16. Jahangir Purl Outer Ring Road 

82.6

82.0
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FIG-9 

NOISE POLLUTION LEVELS AT WAZIRABAD 


CROSSING 
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FIG-10 
NOISE POLLUTION LEVELS AT  KINGSWAY CAMP ROSSING
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FIG-11
NOISE POLLUTION LEVELS AT PUNJABI 

BAGH
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FIG-12
NOISE POLLUTION LEVELS AT RAJA GARDEN


CROSSING 
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FIG-13 
NOISE POLLUTION LEVELS AT ROHTAK  ROAD 


CROSSING 
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FIG-14 
NOISE POLLUTION LEVELS AT 

PEERAGARHI 
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FIG-15 
NOISE POLLUTION LEVELS AT BHAJAN PURA ROSSING 
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FIG-16
NOISE POLLUTION LEVELS at 

DHAULA KUAN 
CROSSING 
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FIG-17 
NOISE POLLUTION LEVELS AT MOTI BAGH CROSSING 
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FIG-18
NOISE POLLUTION LEVELS AT   BADARPUR 

                        (LAL KUAN) NH-2
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FIG-19
NOISE POLLUTION LEVELS AT I.T.O  CROSSING 

(RING ROAD)
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FIG-20 
NOISE POLLUTION LEVELS AT ASHRAM CHOWK CROSSING 
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      FIG-21
NOISE POLLUTION LEVELS AT  A.I.I.M.S 


CROSSING
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FIG-22
NOISE POLLUTION LEVELS AT ANDREWS GANJ CROSSING
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FIG-23 
NOISE POLLUTION LEVELS AT LAJPAT NAGAR 

CROSSING 
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FIG-24 
NOISE POLLUTION LEVELS AT JHANGIR PURIRINGROAD CROSSING
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CHAPTER 5

LEGAL ASPECTS OF NOISE CONTROL

Noise, looked at from the lawyer's point of view, is in the first place a fact that has to be looked at from the physiological and Psychological point of view. The technical side, in particular, has the task of informing the lawyer about the possibilities of avoiding excessive noise. However, on the medical side, it is damaging to health and has a marked influence on the well being of man.

The street traffic which constantly grows will remain in the future also the strongest and the most compelling source of noise. Although this is the first priority, efforts at fighting other numerous sources of noise, should not be neglected.

Fighting against noise is an essential part of the policy of natural environment protection and therefore it should be effectively introduced into the general concept of environmental protection. Co-ordination of means employed by various state, regional and local institutions responsible for controlling noise could be improved by general rules, orders of the administration, as well as comprehensive central programmes of appropriate actions.

5.1 
NOISE CONTROL LEGISLATION 

5.1.1
Foundation of Civil Law 

The foundation for noise abatement in Civil law are mostly contained in environmental regulations. The central point of protection against noise emission is the matter of its harmful effect on man. In order to decide whether the emission of noise is excessive in law, the courts normally 'weight-up' conflicting interestes. Each case is judged on its merits. Local conditions, economic considerations and social aspects for example are
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 all significant. In civil actions the prosecution has roughly the following possibilities at its disposal:

· the normal complaints about environmental defence and claims for damages:

· claims of distrubance to property due to forbidden interference: a complaint of this nature can often be won in summary action;

· a complaint about the freedom of property (action negatoria) 

5.1.2
Administrative Foundation

Most countries have the possibilities of acting against the effects of noise according to the law of the land and independent of the possibilities of civil action.

Accordingly, the police or the administration of the communities, etc., have the possibility of taking the necessary measures, provided these are within the framework of the law and taken after proper examination of the facts, to protect public safety and order from general or specific dangers. Specifically, one may point out the right to expropriation. This does not directly pursue the aim of noise abatement, but, where there are corporations and institutions of public law and others legally entitled to expropriate those producing excessive emission inc1udng  unavoidable noise, it gives the possibility of assigning damages to the neighbor so afflicted. In this case, the afflicted has .not the right to defend himself against excessive noise.

5.1.3
Foundation in the Penal Code

Although the police law contains a veritable arsenal of suitable regulations and measures, there is still a point in making use of the experience of the civil law as regards protection from noise emission, particularly the consequences of tolerating the disturbances over a long period, the economic and social aspects, and most of all the concept of excessive noise above a limit of  tolerance  with regard to the protection of peace, quiet and health.
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5.1.4
Some International Laws related to Environment

Noise abatement in the U.S.A. is taken care of by the Noise Control Act of 1972. In 1978 the Quite Community Act was passed by congress.

These activities are carried out by United State Environmental Protection Agency (EPA). In U.K. the Control of Pollution Act 1976 takes care of street, aviation and railway noise. In Switzerland control of noise is covered under Article 24 of the constitution of the federation. Movement of heavy lorries on Sunday and Night Supersonic flying over Switzerland by civil aircraft is not permitted.

5.1.5
Indian Scenario

In India, no specific law deals with the problem of noise. Developed countries of the world have already enacted specific laws to control the noise. Mention could be made of two such enactment. In England, there has been Noise Abatement Act of 1960. Section 2 of the Act provides that loudspeakers shall not get operated (a) between the hours of nine in the evening and eight in the following morning for any entertainment, trade or business. There have been some exceptions provided like use of loudspeakers by the police, fire brigade, etc. In United States of America, there has been Noise Pollution and Abatement Act, 1970 for regulating control and abatement of noise.
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5.2 
EXISTING LEGAL PROVISIONS FOR CONTROLLING NOISE

5.2.1 
Indian Penal Code

"A person is guilty of public nuisance who does any act or is guilty of an illegal co mission which causes any common injury, danger or annoyance to the public or to the people in  general who dwell or occupy property in the vicinity, or which must necessarily cause injury, obstruction, danger or annoyance to person who may have occasion to use any public right ". A common nuisance is not excused on the ground that  it  cause some convenience or advantage.

5.2.2
Seeton 290

"Whoever commits a public nuisance in any case not otherwise punishable by this Code, shall be punished with fine which may extend to two hundred rupees".

Under section 133 or the Criminal Procedure Code, the Magistrate has the power to make conditional order requiring the person  causing nuisance to remove such nuisance.

5.2.3
Motor Vehicle Act, 1939

Section 20, 21J, 41, 68,(1), 70, 90, IIIA of the Act empowers a State Government to frame rules for the upkeep of motor vehicles and control of noise produced by them in its jurisdiction. Rules framed by the states are mostly concerned with the 'horns' and silencers'. 

5.2.4
Central Moter Vehicle Rules 1989

Reduction of noise

119. Horns - (1) Every motor vehicle shall be fitted with an electric horn or other device89 [conforming to the specifications of the Bureau of Indian Standards] for use by
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 the driver of the vehicle and capable of giving audible and sufficient warning of the approach or position of the vehicle.

(2) No motor vehicle shall be fitted with any multi toned horn giving a succession of different notes or with any other sound-producing device giving an unduly harsh, shrill, loud or alarming noise.

(3) Nothing contained in sub-rule (2) shall prevent the use on vehicles used as ambulance or for fire-fighting or salvage purposes or on vehicles used by police officers or officers of Motor Vehicles Department in  the course of their duties of such sound signals as may be approved by the registering authority in whose jurisdiction such vehicles are kept.

120. Silencers-(l) Every motor vehicle shall be fitted with a device (hereinafter referred to as a silencer) which by means of an expansion chamber or otherwise reduces as far as practicable, the noise that would otherwise be made by the escape of exhaust gases from the engine.

90[(2) Noise Standards-Every motor vehicle shall be constructed and maintained as to conform to noise standards as indicated in the Table below, and these Standards shall be tested as per Indian Standards IS: 3028.

5.2.5
Industrial Laws and Noise Factories Act, 1948

5.2.5.1
Law of Torts

Under law of torts, a civil suit could be filed for claiming damages for the nuisance. Nuisance as a tort implies an unlawful interference with a person's use or enjoyment of land, or some right over, or in connection with it. For filling of suit under law of torts a 
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plaintiff is needed to comply with some of the requirements of tort of nuisance. These essentials are :

1.   Unreasonable interference

Every interference is not a nuisance. So long as the interference is not unreasonable no action can be brought.

2.   Interference with the use or Enjoyment of Land

There are two forms of causing interference: (a) injury to the property itself; or (b) injury to comfort or health of occupants of certain property.

Regarding the second aspects of this is essential, i.e. injury to comfort of health, it has been laid down in a number of cases that inconvenience  and discomfort from the point of view of a particular plaintiff is not the test of nuisance but the test is how an average man residing in the same area would take it. The plaintiff may be over sensitive.

5.2.5.2
Damage

In action for nuisance actual damage is required  to be proved.

5.2.6
Railways Act. 1890 and Noise

A huge amount of noise pollution is cause by railway engines and carriages. There has been no check to curb this noise pollution under the Railways Act,. 1890. The railway engines have statutory protection and nobody, it appears, can get any relief against railways although they are the major noise pollution. Section 16 of the Indian Railways Act, 1890 (Act No. IX of 1890) provides statutory authority for the use of locomotives to railway administration.
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5.2.6.1
Criminal Procedure Code

Under Cr. P.C. section 133 the magisterial court have been empowered to issue order to remove or abate nuisance caused by noise pollution.
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5.3 
Provisions of Environment Protection Act 1986

The Environment Protection Rules 1986 Schedule III gave the Ambient Air quality standard in respect of Noise for Industrial, Commercial, Residential Area and for silence zone. The noise limits for automobiles (Free field Distance at 7.5 M in dB(A) at manufacturing stage is given the Domestic appliance and construction equipments at the manufacturing stage to be achieved by 31st Dec. 93 also notified.

 TABLE 5.3.1 AMBIENT AIR QUALITY STANDARDS IN RESPECT OF NOISE

Area Code


Category of Area 

Limits in dB(A) Leq.

                                                   
Day Night         
Time Time

(A) Industrial area 


75 


70 

(B) Commercial area 


65 


55 

(C) Residential area 


55 


45 

(D) Silence Zone 


50 


40

Note:

1. Day time is reckoned in between 6 a.m. and 10 p.m.

2. Night time is reckoned in between 10 p.m. and 6 a.m.

3. Silence zone as hospitals, educational institutions and courts.
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TABLE 5.3.2 NOISE STANDARDS FOR AUTOMOBILES, DOMESTIC APPLIANCES, CONSTRUCTION EQUIPMENTS AT MFG. STAGE :

Noise Limits for: 

A.
Automobiles (Free Field Distance at 7.5 Meter in dB(A) at the manufacturing               Stage. 

(a) Motorcycle, Scooter & Three wheelers 



80 

(b) Passenger Cars 






82 

(c) Passenger or Commercial vehicle upto 4MT 



85 

(d) Passenger of Commercial vehicle above 4MT and upto 12 MT 
89 

(e) Passenger or Commercial vehicle exceeding 12MT 
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B. Domestic appliances and construction equipments at the manufacturing stage 

(a) Window Air Conditioner of 1 ton to 1.5 ton 



68

(b) Air coolers 







60 

(c) Refrigerators 







46 

(d) Diesel generator of domestic purposes 



85-90 

(e) Compactors (rollers), Front Loader, Concrete mixers, 

     Cranes (movable), Vibrator and Saws. 



75
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CHAPTER-6

CONCLUSION AND RECOMMENDATION

6.1 
CONCLUSION

From the observation and result analyses of the noise monitoring carried out, following are the conclusions.

6.1.1 RESIDENTIAL AREAS : 

1.
All the colonies are noiser than the stipulated standards during the day time (12PM-2PM) as well as at peak traffic hours (6PM-8PM). However, in night hours, noise level is marginally exceeding the prescribed norms. 

2.
The principal noise contributing factor remains in almost all the cases,  is heavy traffic movement. The excessive noise in night hours (10PM-12PM) could be attributed to unrestricted flow of heavy traffic, particularly from neighboring areas in the night hours which remains restricted during the peak hour times.

3.
The heavy vehicles are a significant contributor to noise pollution particularly in                 residential colonies.

6.1.2 COMMERCIAL AREAS: 

1. Karol Bagh shows maximum value in day (12PM-2PM) and at the peak traffic hours (6PM-8PM).

2.
In night hours (10PM-12PM), the maximum value is observed at Chandni              Chowk. The significant observation at Chandni Chowk is that the range of Leq.            value varies between 63.0 dB(A) to 64.8 dB(A) which show almost constant            level of noise throughout day night.
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6.1.3
TRAFFIC  JUNCTIONS

1. All traffic intersections are noisier than the prescribed standards for the day and night hours. 

2. All traffic intersections are noisier than 60.5 dB (A), 64.3 dB(A) and 47.0 dB(A) during day, peak traffic hour and night hours respectively. 

3. All traffic intersections under reference are either in the residential areas or near sensitive/ silence zones.

3.    Kings. Camp crossing was found highest Leq levels [76.7 dB(A)] during         night   time. 

4.    It was observed, that I.T.O. crossing has maximum TNI [110.3 dB(A)] during      day time. In the night hours, Andrews Ganj has recorded exceptionally high TNI     value [132.7 dB(A].
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6.2   
RECOMMENDATION

The following are recommendations, in order to minimize noise levels to a possible extent and thereby reduce occurrence of any long-term adverse effects:

6.2.1 
RESIDENTIAL ZONES

· Vehicular traffic on the inner roads should be restricted.

· Use of horns is restricted.

· Use of loudspeakers and public-address systems are prohibited after 10 PM and rules should be strictly followed. During daytime they should be properly located.

· The pavements should preferably use grass instead of concrete.

· Enough trees should be planted along both the sides of roads so as the act as sound barriers.

· Location and layout as well as the architecture of residential areas should be such that effects of noise and its reverberations are minimized.

· Commercial/Industrial activities should be restricted.

· DG-set installations should have effective noise control measures.

6.2.2 
COMMERCIAL ZONES

· Proper regulation of traffic should be ensured in order to reduce congestions and traffic jams.

· Use of horns is restricted to the bare minimum.

· Parking areas should be delineated properly and no parking be allowed in no-parking zones.

· Use of loudspeakers for selling should be avoided.

· Music volumes from the audio-shops are kept low.

· Proper control measures must be adopted for generators etc.
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6.2.3 
INDUSTRIAL ZONES

· All machines should meet the prescribed standards of noise.

· Ear mufflers be provided to the workers wherever necessary.

· The plant design and layout should be such that effects of noise are minimized and the workers are not subjected to any prolonged exposure to noise. 

· Industrial areas be located outside city limits and no dwellings be allowed to developed nearby.

· A green belt be developed in and around these areas.

· DG-set installations for the industrial use should have effective noise control measures.

6.2.4 
SILENCE ZONES

· Proper regulation/diversion of vehicular traffic should be ensured in order to minimize noise levels and keep them within the statutory limits.

·  Heavy vehicles should be totally banned.

·  Blowing of horns should be absolutely prohibited.

· Necessary, acoustic walls should be built around these features.

·  Noise generation by vehicles should be well within limits.

· Plenty of trees/plantation be developed in and around these areas.
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6.3 
SCOPE FOR FURTHER STUDY & recommendations FOR             LONG  TERM  PLANNING

For long term planning an overall city view should be reached about the optimal balance between the vehicle design, building design and the level of noise criteria. A noise control strategy should be made keeping in view the following measures:

(1) Technical:

· Improvement in engine design with special reference to commercial vehicles.

· "Urban bus" should be designed.

· All engine parts should be covered.

· Good quality of silencers.

· Horns of lesser intensity.

· Audible warning devices.

· Automatic traffic signaling system. 

 (2) Planning:

· The zoning regulations should be reviewed based no noise criteria.

· Creation of "Silence Zones".

· Noise impact analysis should be done with any new project.

· Noise criteria should also be incorporated in land use planning.

· Need to restrict the Air Traffic Flights, particularly in night hours in and around the dense populated colonies.

· Change the working hours in deferent shifts for Govt./Private offices

· Mass Transport system like Metro Train, Elevated ring railways etc.

(3) Legislative:

· Formation of noise standards for individual vehicles.

· Control on vehicle maintenance by regular checking.

· Noise control should be incorporated in Motor Vehicle Act.

· Noise criteria should be incorporated in "Vehicle Fitness Certificate".
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