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ABSTRACT

Development of transportation has greatly affected the development of the modern world
and development of transport systems has produced both the economic and social benefits
to the mankind; however it has polluted the environment too. Studies have shown that
motor vehicles operating on highways constitute one of the major sources of noise.

In this dissertation, FHWA TNM Model is used for highway noise prediction and analysis.
FHWA TNM calculatesAnoise emission level for five categories of vehicles. For this data
has been collected at eight highway locations, in these four locations have data of twenty-
four hours and other four locations have night twelve hours’ data. And using this, observed
data has been compared with predicted data using FHWA TNM.

And it was observed that FHWA TNM Model has been giving good results and it can be
applied for Indian environment and the maximum deviation of 5-8 dB(A).

In addition, parametric analysis has been done on the data by banning trucks and banning
cars. And it was observed that noise level has been decreasing up to 3-5 dB(A) for trucks

and 1-2dB(A) for cars.
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CHAPTER I
S

INTRODUCTION

1.1 Background

Development of transport systems has produced both the economic and social benefits to
the mankind; however it has polluted the environment too. Road transportation is first in
causing irreversible damage to the environment. Effects of noise can be cumulative and
its influences may cover several aspects of every day life. Road traffic noise has been

reported to be a cause of annoyance in many countries of the world [22].

Highway noise is the sum total of the noise produced at the observer point, by all the
vehicles moving on the highway. Thus the fundamental component is the noise produced
by the individual vehicles, which depend upon on the vehicle type and its mode of
operzation. The overall noise is also dependent on the characteristics of the vehicle flow
and the relative proportions of the vehicle types included in the flow. Knowledge of these
factors is thus necessa'try to define the characteristics of highway noise and to

subsequently assess or predict the associated noise level in the surrounding area. [36]

Noise is an important environmental consideration for highway planners and designers.
Transportation agencies measure different aspects of highway noise to determine
community impacts during urban planning. However, measurement instrumentation and
procedures have varied from program to program and agency to agency. Precise,
uniform, field measurement practice allows for valid comparison of results from similar

studies performed by a variety of transportation practitioners and researchers.

1.2 Traffic Noise Scenario

Noise has always been an important environmental problem for man and community. In
the metropolitan cities the traffic noise is a major constituent of the environmental
pollution. In some of large metropolitan cities, the noise levels have far exceeded the

level of human tolerance.



In 1998 about 60% of the population in Netherlands reported annoyance with road and
traffic noise, about 9% of the population has had sleep disturbance due to road traffic.
Nearly a quarter of the police force in Bangalore city is suffering from héaring disabilities
due to increasing noise pollution ‘levals. Noise levels of 76 dB(A) were measured in
residential areas of Bangalore, and levels of 88 dB(A) measured in Calcutta(BBC 1999).
Studies conducted by the state pollution control board in the city of Hyderabad have
reported high noise levels at all intersections (APPCB 2000). Reports from other
countries have esfablished the face that almost all urban areas of the world are affected by
the road traffic noise. ,

1.3 Traffic Noise Levels

Table 1.1 Noise levels at Different Cities

Residential Commercial Sensitive Industrial
Name of the city Day Night Day Night Day Night Day Night
PrescribedStandards | 55 45 65 55 50 40 75 70
Bhopal 60 44 75 57 73 42 68 47
Bangalore 59-79 37-59 68-81 46-64 58-74 - 63-86 42-65
Calcutta 76-86 58-76 70-90 57-78 69-89 65-70 75-82 53-70
Chennai 57-84 45-50 74-80 69-71 46-70 47-50 69-76 63-69
Delhi 53-71 - 63-75 - 62-68 - 65-81 -
Dehradun 50 38 70 .50 58 42 50 45
Hyderabad 56-73 40-50 67-84 58-73 62-78 51-67 44-77 42-70
_ Jaipur 46-82 43-78 64-88 51-80 60-75 55-66 59-81 48-78
Kanpur 49-69 39-59 68-82 | 57-76 47-61 35-57 63-78 57-63
Kochi 70 51 85 56 72 51 70 61
Lucknow 55 50 70 58 50 40 60 58
Mumbai 4581 | 4568 | 63-81 | 60-75 58-77 46-66 73-79 56-72
Varanasi 50 40 70 50 55 40 50 50
Visakhapatnam 74 59 85 70 75 57 75 51

Source: [44]




1.4 Cause of Traffic Noise

In most developing countries, there is little or no enforcement of noise emission limits for
road vehicles, even if such regulations exist. Vehicie maintenance is often at a very low
level, and vehicles are often overloaded with respect to the vehicles engine power. The
result is often very noisy vehicles, with noise emissions far higher than those for similar
vehicles in developed countries. Vehicles exist in some developing countries that do not
exist in developed countries. Some of these for example, auto rickshaws, can be
particularly noisy. Community noise levels in busy urban areas could thus be higher than

in similar areas in developed countries [47].

1.5 Traffic Noise control

1.5.1 Special design features

The installation of special design features such as walls or barriers can be effective as a
reducer of traffic noises or noises associated with traffic. Such barriers are effective not
only in reducing noises adjacent to the street and highway facilities but they can also be
effectively utilized as a noise control for off-street parking conditions.Studies have shown
that the erection of a five-fpot masonry wall can reduce noise level by 5 dB or more. An
increase in wall height or thickness will also produce a further decrease in noise levels.
Increasing a wall or barrier height by one foot on a six-foot wall has reduced noise levels

by 8 dB’s and in same instances by as much as 10 dB’s.

1.5.2 Land scaping

The buffer planting of right-of-way as a noise control feature without the use of masonry
barriers is not entirely dependent upon the width of the buffer. Almost all buffer plantings
offer some noise reduction. Buffer plantings ranging from 20 to 50 feet in depth,
depending upon the height and density, have produced satisfactory results.Even where
the noise reduction may not be considered significant, the effects of the plantings together

with their aesthetic value will produce a positive influence.



1.5.3 Elevated or depressed highways

Often a highway in an urban area is built on a grade above or below the elevation of the
surrounding property. Such differences in grade provide some shielding of traffic noise,
reducing the noise levels at the adjacent property. The difference in dB between the on-
grade and other configurations indicates the noise reduction obtained from shielding. For
example, at distances of several hundred feet or more from highway, the noise levels
from a depressed highway are 7 dB lower than from a highway on-grade. For locations
within several hundred feet of an elevated highway the noise levels may be as much as 3

to 10 dB lower than if the highway were on-grade [2].

Unlike other urban highway sections, an elevated highway section is usually provided
without noise control features, as the design characteristics preclude positive noise

control treatment [1].

1.6 Objective and Scope of Study

The objectives of thils dissertation are given below:

1. To collect field datd i.e. ambient noise level, classified traffic volume, classified
traffic speed and highway geometrics

2. This field data is fitted into Federal Highway Administration Traffic Noise
Model (FHWA TNM) to determine the relative prediction efficiency of this
model. S

3. Development of calibration equations using the FHWA TNM model.

4. Parametric analysis of the field data has been done by banning heavy trucks and
cars in some of the locations.

And for this dissertation, study area is restricted to Delhi only.



1.7 Organization of the Report

First Chapter deals with the introduction to the traffic noise, and it discuss about
current traffic noise scenario, and this chapter explains the causes of road traffic noise
and traffic noise control also. Second chapter deals with the literature review. Third
Chapter discuss with the parameters affecting traffic noise. These parameters are traffic
parameters, roadway characterist.ics and observer characteristics and it also deals with the
FHWA TNM, it discuss about all the adjustments carried out by TNM. And it gives
equations for reference energy mean emission level. Fourth Chapter discuss about field
data study and data collection. And it discuss about various instruments used .for field
study, physical conditions for measurement and site characteristics. And it is also
explains various parameters which are collected in field study. Fifth Chapter deals with
analysis of field data. Sixth Chapter deals with Performance Evaluation of Noise
Prediction model. For this, FHWA TNM model has been used for noise prediction and
calibration equations are developed Vusing with FHWA TNM model. Parametric analysis
has also been done using this data. Seventh Chapter deals with the conclusions that have
been drawn out of the present study and also suggest some recommendations for further

extension.



CHAPTER 11
L _______________________________________________________ |

LITERATURE REVIEW

2.1 Noisé Studies Conducted around the World

.Brach. [4] measured and analyzed vehicular road traffic noyise near é' high-spéed highway.
Comparis'o'n. wifh maximum permissible noise limits has been preéented. An extensive
studfy' of s.uc.’h ‘noise has shown that level, frequency content and time duration all play an

important role in terms of subjective evaluation.

Jacobs et 'alt'16]l developed a computer model for predicting traffic noise in built-up
situations fb; fr;ae flow traffic conditions and for a flow interrupted by a traffic light. The
_stréam of veljli,cles is stimulated by a given time headway distribution, and a transfer
function obtained: fro}11 a 1:100 scale model is used to simulate the specific built-up

situation.

Johnson and Saunders [17] de\}eloped a model based on the assumption that all vehicles
are equally v__'.s.-p%l'ced. and are producing the same maximum noise.. They also developed
techniquelt_‘.ér"fp_‘redicting the statistical mean sound level Lsy due to freély flowing traffic.
For highér traffic densities they showed that noise level décreases by 3 dB per doubling

of distance. '

Thiessen and Olson [39] observed objectionable community noise sources which

included automobiles, trucks, buses, motor cycles, trains and power driven equipment



such as lawn mowers and suggested that noise control procedures could be applied to the

source, the transmission path, residential zoning or through legislation.

Nelson and Godfrey[24] are studied road traffic noise in rural environment. In this study,
traffic noise measurements have been made alongside 26 miles of the: A66 within the
Lake District National park and in the towns of Keswick and Coker mouth and they

constructed a 50dB (A) Lo contour for road traffic noise.

Scholes and Vulkan [33] summarized various aspects of noise measuring techniques in

order to provide a useful framework to be used for further developments in technique.

Nelson and Piner[25] are classified road vehicles for the prediction of road traffic noise.
Measurements of speed, noise level and vehicles had made in road conditions ranging
from fairly congested urban situations with speeds around 20 kmph to free flow on
motorways with speeds over 100 kmph. The measurements had used to construct
approximate vehicle noise levels and speed characteristics over the speed range 20-100
kmph for up to 6 vehicle categories, and used as input in the TRRL computer rﬁodel of

traffic noise.

Langdon and Scholes [21] described a method relating the noise levels produced by
traffic to the nuisance caused to people living the neighborhood. They used the traffic
noise index, TNI, to forecast the nuisance likely to be produced by a given intensity of

traffic and discussed the methods for reducing this nuisance to an acceptably low figure.



Thomas [40] proposed an economic method for reducing traffic noise by using noise-

reducing materials.

Samuels and Thomas [31] are studied the measurement and analysis of road noise. In
this study, they measured roadside noise levels as a vehicle passes by test track under

various conditions of speed, load, and engine operation and so on.

Gordon et al. [12] conducted a study with a view towards formulating those aspects of
traffic flow and highway design that influenced traffic noise. They developed a design
tool to help highway engineers introduce traffic noise as a parameter in roadway design

and route planning.

Scholes et al. [34] proposed design rules for estimating the effects of long noise barriers
on the propagation of motorway noise peaks in terms of L;o. The rules take into account

the effects of wind and ground absorption on barrier performance.

Scholes and Sargent [35] discussed some of the factors to be considered in setting
standards for traffic noise and have extended the discussion of possible units for

describing traffic noise levels to include the Noise Pollution Level.

Kugler and Piersol [20] evaluated the key procedures in the Design Guide, using field

data for selected highway configurations under various normal and environment



conditions. The noise data were reduced statistically in terms of Lo and Lsy noise level
descriptors and comparison made between actual field conditions and prediction

techniques.

Pfotkin 27} developed a model, in two phases, for the assessment of strategies of
highway noise control through vehicle noise control. In the first phase a highway noise
model was developed with the relationship between individual vehicle noise and overall
vehicle highway noise (in terms of Lgq and Lg,) clearly defined. Then a computer
program was developed and the model successfully employed to predict noise up to 400

feet from a variety of highways.

Roberts and Borthwick [30] responding to increased public response to noise, devéloped
a comprehensive vehicle noise prevention and control program. Data collection, analysis
and computer modeling, to evaluate the effectiveness of alternate vehicle noise control

strategies, are described.

Delany et al. [8] developed an improved procedure for predicting noise levels Ly from
road traffic noise. The formulation of the new procedure is discussed and its overall
performance assessed with reference to a comprehensive data bank specifically

assembled for that ptirpose.

Kugler et al. [19] in their manual presented an overview of the suggested noise-prediction

methodology as a four step process, right from approximating noise impacts, refining the



predictions using computer programs, introducing appropriate noise-control options and

lastly evaluating the selected options using the computer program.

Beranek and Newman [2] developed a noise model for free flowing traffic. They showed
that propagation loss varies from 3-4.5 dB per doubling of distance depending on the

ground cover.

Gilbert [11] proposed a noise model for predicting noise in terms of Ljo for interrupted
flow. This model is suitable for typical urban streets having intersections, traffic signals

and other features, which result in interrupted traffic flow characteristics.

Harris et al. [14] have conducted a series of Reference Energy Mean Emission Level
(REMEL) measurements of individual vehicle operations in the state of Arizona (USA)
to determine the consistency of the data with that contained in FHWA’S Traffic Noise
Model (TNM). Comparison has indicated that the two data sets are statistically different
at a 95% confidence limit for the three different vehicle categories i.e. Heavy trucks,

Medium trucks and Automobiles.

2.2 Traffic Noise Studies in India

Rao and Rao [29] the first comprehensive traffic noise study took place in the city of
Visakhapatnam. In this study, noise was measured for different types of land use areas

and prediction equations are developed.

Gupta et al [13] studied the road traffic noise for various land uses for mixed traffic flow.

For this study, they are selected three sites and one is located in Roorkee town on the

10



Meerut-Haridwar road. Another area chosen like that to represent to some extent
commercial area with the mixed land use. In this study they computed Lo Lso, Log Leg

and noise pollution level also evaluated.

Nigam [26] has discussed in detail the methodology for designing an acoustic barrier on a

highway with particular reference to situation around the Red Fort, Agra.

Yaganarayana and Ramalingeswara [43] have undertaken a noise monitoring study (at 11
traffic junctions) to measure the overall environmental noise problem in Ramagundam.
Lo, Lso, Loo and L¢q values have been recorded and on their basis TNI and Lyp have been

calculated and analyzed.

Srivastava (38) evaluated the environmental noise pollution on SH-45(now NH-58),

and models were developed to predict noise levels.

Kumar Vimal (41) carried out a study in Delhi to study the urban noise scenario and has

developed equation for equivalent sound level Leg

Siddiramulu [37]developed a software package TNP-MM for traffic noise prediction.
This was developed based on the data collected in Delhi and on SH-45(now NH-58).

Pratush Kumar [28] developed model for indian conditions by calibrating FHWA noise
model. The FHWA model calculates noise level through a series of adjustment to a
references sound level. These estimated L, values, which has given R? value of 0.793.

Thus the equations for estimating the traffic noise levels for Indian conditions need to be
calibrated.

Bhattacharya, Jain, Parida et al [3] developed a comprehensive highway noise model for
Indian conditions. In this individual vehicle noise level study was carried out at Km 169

on NH-58 and Km. 42 on NH-2. Individual vehicle noise varies with speed. Therefore,

11



individual vehicle noise levels over a wide range of speeds are taken. And individual

noise level equations are developed for bituminous and cement concrete surface.

Neeraj Kumar Gupta [23] developed software NBDP (Noise Barrier Design and
Prediction) for design of noise barrier in Visual C++. Visual C++ language is used for
developing window-based software. The software can be used to design barrier for two
lane and four lane national highways with the both bituminous and cement concrete

surfaces.

Sheikh Shahid Salem [36] carried out a study on a national highway-58 and he developed
a noise prediction model for Indian traffic conditions. He collected data related to traffic

flow rate, traffic speed, gradient, percentage of heavy vehicles and road surface

Devender Singh [9]developed Regression Model for Indian conditions to correlate the
traffic parameters and geometric parameters with traffic noise. Statistical analysis of the
regression model shows that the model is reliable for prediction of noise in urban areas at
95% confidence level. Using the survey data a new model for Indian condition has been

developed using regression analysis.

12



CHAPTER III

STATE OF ART OF TRAFFIC NOISE PREDICTION

3.1 General

The noise that may result from traffic on a highway is more complicated due to fact that

‘highways are not flat, straight or free from natural terrain variations that affect

propagation. The factors like vehicle speed, flow, traffic composition, width of median

~and number of lanes are not constant. Therefore, for traffic noise, each of these

parameters is taken into account.

Traffic parameters, Roadway characteristics and observer characteristics these parameters

are effecting traffic noise, and these are listed in Table 3.1

Table 3.1 Parameters affecting Traffic Noise

Traffic Parameters

Roadway Characteristics

Observer Characteristics

Vehicle volume
Vehicle composition

Average speed

Flow Characteristics

Gradient

Pavement type

Observer distance

Shielding

Observer relative height

3.2 Traffic Parameters
3.2.1 Traffic volume

The noise level near the highway depends upon on the number of vehicles. The noise

level increases with the increase in traffic volume. Traffic volume is defined as the total

number of vehicles flowing per hour. The number of vehicles passing through a fixed

point on the road to be counted. The traffic volume is taken as classified traffic volume; it

means all individual vehicles are counted separately.

13




3.2.2 Vehicle composition

Studies have indicated that trucks and buses contribute more noise to the environment as
compared to the automobile. Traffic is a composition of different vehicles and the ratio of
trucks and buses to total traffic is called truck-traffic mix ratio. This ratio is computed in
term of percentage. It has been observed that for very low values of this ratio, traffic
noise is controlled by automobile traffic whereas an increase in the ratio will increase the
noise level.

3.2.3 Average speed

In a study of urban traffic it was observed that for vehicles traveling within a limited
range of road speeds, the noise produced is related to the engine, which in turn varies
with each vehicle type. It was further observed that, although the main body of traffic
stream was traveling at a particular road speed, mainy vehicles were eithér either
accelerating or decelerating when passing the measurement position. Thus, it was
concluded, that the inclusion of a term for average road speed (which often subject to
error in determination). However, some models incorporate the mean traffic speed, v as

one of the parameters.

3.3 Roadway Characteristics

3.3.1 Flow characteristics

The fundamental law of traffic flow states that [17]
Flow (vehicles/hour) = concentration (vehicles/km) x speed (kmph)

In practice, when the number of vehicles on a road is not sufficiently large to influence
the choice of driving speeds, it is found that, although individual vehicles can cover a
wide range of speeds, the majority have a narrow speed distribution, with an effectively
constant average value so that flow is directly proportional to concentration. The inverse
of concentration is the spacing of successive vehicles, known as headway. At distances
greater than about a quarter of the vehicle headway, mean sound level decreases basically
at a rate of 3 db per doubling of distance and increases 3db per doubling of flow. Close to

the roadway, over the distances that are small compared to vehicle headway, mean sound

14



level is independent of distance but increases 6 db per doubling of flow, while maximum

sound level decreases 6 db per doubling of distance but is independent of flow.

3.3.2 Gradient

The effect of gradient on traffic noise is complex because the multiple sources that
constitute motor vehicular noise vary in many and sometimes opposite easy e.g. for an
up-grade condition, engine noise of heavy trucks increases significantly [2]. At the same
time the speed drops and so does tire noise. Therefore, to determine the effect of gradient,
tire noise has to be separated from other noise sources. On the other hand, gradient has
little influence on the noise of automobiles.

3.3.3 Pavement type |

For vehicles traveling on very rough or very smooth pavement, the basic noise level
computations are adjusted upward or downward, as the case may be, for which a 5 db
adjustment is recommended by FHWA. For the great majority of new surfaces, no
adjustment is needed. Occasionally an old surface, worn badly by studded tirés, is
encountered for which 5 dB a positive adjustment is justified. Less frequently, a very
smooth coated surface warrants a 5 dB negative adjustment. However some models apply

a linearly varying correction for different types of roads.

3.4 Observer Characteristics

3.4.1 Observer distance

Most models and prediction equations assume that the traffic is located at a distance d
from the observation position [12]. In real life, of course, a highway may have many
lanes and the width of the roadway may be such that the observation distance from the
near lane is significantly different from the observation distance from the farthest lane.
Traffic noise diminishes from the source at the rate of 3 to 4.5 db (A) per doubling of
distance on ground cover [4].

3.4.2 Shielding

Three types of shielding namely barriers, structure and plantation are considered [12)].
The attenuation effect of a solid, acoustically opaque roadside barrier is quite

pronounced, up to 15 dB (A), but if the entire roadway element under consideration is not
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shielded, its effectiveness is reduced. The presence of buildings or structures can have an
attenuating effect of 3 dB (A) to 5 Db per row of houses and this attenuation should not
exceeded a maximum of 10 Db. Plantation, like bushes, trees and similar foliage can
attenuate sound only if the growth is dense enough and the depth of the foliage is great. A
design value of 5 db for every 100 ft of depth may be used.

3.4.3 Observer relative height
The vertical displacement of an at-grade roadway to a position below or above ground
level provides a certain degree of acoustic shielding of the vehicular noise sources from

the observation position.[12]

3.STNM 1.0

The Federal Highway Administration Traffic Noise Model (FHWA TNM) computes
noise level through a series of adjustments to a reference sound level. In theTNM, the
reference level is the vehicle noise emission levels, which refers to the maximum sound
levels emitted by a vehicle pass by at a reference distance of 15m.Adjustments are then
made to the emission level to account for traffic flow, distance, and shielding. These

factors are affected by the following equation [7].
Leq(1hr)=Eli+Atame oF Ap+ A, 3.1

where,
EL; = vehicle noise emission level for the ith vehicle type

Awtiicy= adjustment for traffic flow, the vehicle volume and speed of the i™ vehicle

type

Ay = adjustment for distance between the roadway and the receiver

As = adjustments for shielding and ground effects between the roadway and receiver

3.6 Traffic Flow Adjustment

The adjustment for traffic flow is simply a function of vehicle volume and vehicle speed.
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Of course, the adjustment is computed separately for each vehicle type. The adjustment
for traffic flow is given by:
Agraic = 10log ovi/si-13.2 (3.2)
where,
Vi =vehicle volume in vehicles per hour

S; =vehicle speed in km per hour

3.7 Distance and Roadway Length Adjustment _

The adjustment for distance from the elemental roadway segment to the receiver and for

the length of the segment is given by the following:

15Y a
Aq =101 = =-1| dB. 3.3
ng[( 5 lSOJ] (3.3)

where,

d =perpendicular distance to the roadway segment in m
= angle subtended by the road segment in degrees
This adjustment is number the same for all vehicle types, source heights and
frequencies. TNM uses a different equation for cases where the three points of the
elemental triangle are collinear (d = 0 and a=0) or nearly collinear. The equation is
based on the distances fro, the receiver to the distances from the receiver to the two

endpoints of the elemental roadway segment (d1 and d2):

Ad =1010g10 ICiz—_dl_I +12 dB. (3.4)
d2d]
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3.8 Shielding and Ground Effect
It includes the effects due to the horizontal and vertical geometry. In these adjustment
barriers, berms, tree zones, rows, of buildings are considered. Adjustment for ground

effects and shielding is:

As= 10*Logl0(¢,) (3.5)

@ s =attenuation fraction due to ground and shielding effects

3.9 Vehicle Types

TNM computes highway traffic noise at nearby receivers. In this TNM, vehicles are

divided in to 5 categories. [7]

e Automobiles: all vehicles having two axles and four tires — designated primarily
for transportation of nine or fewer passengers, i.e., automobiles, or for
transportation of cargo, i.e., light trucks. Generally, the gross-vehicle weight i-s
less than 4500 kg (99001b).

e Medium trucks: alli cargo vehicles with two axles and six tires. Generally, the
gross vehicle weight is greater than 4,500 kg (9,900 Ib), but less than 12,000 kg
(26,400 Ib).

e Heavy trucks: all cargo vehicles with three or more axle. Generally, the gross
vehicle weight is greater than 12,000 kg (26,400 Ib).

e Buses: all vehicles having two or three axles and designated for transportation of
nine or more passengers.

° Motorcyéles: all vehicles with two or three tires with an open-air driver and/or

passenger compartment.
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3.10 A-weighted Noise-Level Emissions

As a single vehicle passes by a microphone 15 meters to the side, its sound level rises,
reaches a maximum, and then falls as the vehicle recedes down the roadway. The
maximum A-weighted sound level during the pass by is called that vehicle noise-
emission level. These TNM emission-level measurements were confined to relatively flat
ground, with the microphone at height 1.5 meters and horizontal distance 15 meters

TNM needs three constants to compute A-weighted noise-level emissions: A, B and C.
These three constants depend upon two variables, i and p (vehicle type and pavement
type, respectively), plus whether the vehicle is full throttle or not. Vehicles are full

throttle when they accelerate away from traffic-control devices.

For any roadway/traffic situation, the pavement type and throttle condition will be
known. The traffic will include several different vehicle types, i, each with its own speed,
s;. For these emission calculations, TNM substitutes the relevant constants into the
following equation, to determine each vehicle type’s total measured noise emissions. The

constants for five vehicle types are presented in Table 3.1

Ea(si) = (0.6214s; Y*'° 105"+ 107" . (3.6)
where,
speed, s, is in km/hr and “Log;o” denotes the common logarithm (base 10).The above

equation yields the energy form, E4, of the maximum pass by A-weighted sound level for

the vehicle type.
Table 3.1 Constants for A-weighted Sound-Level Emissions for Different Vehicles

Vehicle Type | A B C

Automobiles 41.740807 | 0.494698 67.00
LCV 33.918713 | 19.903775 74.00
Heavy trucks 35.879850 | 20.358498 80.00
Buses 23.479530 | 37.318967 74.00
Motorcycles 41.022542 | 10.013879 67.00
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Source: [7]
3.11 Vehicle Noise-Level Emission Equations
In FHWA TNM, vehicles are classified into five categories as Automobiles, Medium
Trucks, Heavy Trucks, Buses and Motorcycles. The reference noise emission level

equations are presented here in Table 3.2

Table 3.2 Vehicle Noise-Level Emission Equations

Category . Model

Automobile 10*LOG o(((0.62 14s;)* 17708071 000494698y 4 1 95-7)
LCV 10*LOGo(((0.62 145> ¥ T¥731T3775) 11074
Heavy Trucks | 10*LOG0(((0.6214s;)>>°"®Y10°%25%%)+ 10°Y)
Bus 10*LOG 10(((0.62 14Si)2.3479530103,7318967)+ 1 07.4)
Motorcycles . | 10*LOG o(((0.62 14s)* 025421 T 013874 1057)

Source: [7]

20



CHAPTER IV

FIELD STUDIES AND DATA COLLECTION

4.1 The Measurement Method

The method consists of measuring the noise from an actual flow of traffic on a road,
which is a flat open surface, free from large reflecting surfaces, such as parked vehicles
and signs, within 15m radius of either the vehicle path. The site should also not be
influenced by other traffic or extraneous noise.

4.2 Selection of Site

For this study, data was collected from eight locations in Delhi. The sites are chosen like
that, they represent current urban and semi-urban conditions. And these locations are
divided into different zones like Residential zone, Commercial zone, and Silence zone,
Heavy Traffic Zone.

4.3 Physical Conditions for Measurement

4.3.1 Road surface

Measurements were required to be made when the road surface, in the measurement area,
was dry.

4.3.2 Measuring equipment

4.3.2.1 Sound level meter

For the purposes of all measurements, sound level meters (SLMs) should perform true
numeric integration and averaging. Components of an SLM include: a microphone with
preamplifier, an amplifier, frequency weighting, input gain control, time-averaging, and
an output indicator or display. Selection of a specific model of sound level meter should

be based upon cost and the level of accuracy desired [47).
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Fig 4.1. Components of a sound level meter

The accuracy of an SLM is characterized by its "type." There are three types of sound
level meters available: Types 0, 1, and 2. Type 0 sound level meters are used for
laboratory reference purposes, where the highest precision.is required. Type 1 sound level
meters are designed for precision field measurements and research. Either Type 1 or Type

2 sound level meters are acceptable for use in traffic noise analyses for highway projects.

4.3.2.2 Doppler-radar gun

A Doppler-radar gun may be used to measure vehicle speed. When using a radar gun, it
should be placed at least 120 m upstream of traffic flow. This placement has been shown

to minimize effects on traffic flow resulting from driver curiosity.

The radar gun should be positioned at a distance of no greater than 10 m (31 ﬁ) from the

centerline of the path of the vehicle beiné measured. This will ensure that the angle
subtended by the axis of the radar antenna and the direction of travel of the vehicle will
be less than 5 degrees. The resulting uncertainty in vehicle speed readings, due to angular
effects on Doppler accuracy, will not exceed 0.5 km/h over a speed range from 15 to 110
km/h [47]

4.4 Site Characteristics

e« A flat open space free of large reflecting surfaces, such as parked vehicles,
signboards, buildings, or hillsides, located within 30 m (100 ft) of either the
vehicle path or the microphone(s) ( Fig 4.2) [47].
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Figure 4.2. Site Geometry.

Ground surface within the measurement area is free of wet and representative of
acoustically hard, e.g., pavement, or acoustically soft, e.g., grass, terrain.
Line-of-sight from the microphone(s) to the roadway is unobstructed within an
arc of 150 degrees.

Vehicle path, i.e., roadway lane, is smooth, dry concrete, dense-graded asphalt, or
open-graded asphalt, and free of extraneous material, such as gravel or road
debris.

Site is to be located away from known noise sources, such as airports,
construction sites, rail yards, or other heavily traveled roadways.

Site is to exhibit constant-speed roadway traffic operating under cruise conditions
at speeds between 15 and 110 km/h and located away from intersections, lane
merges or any other features that would cause traffic to accelerate or decelerate.
The above characteristics and parameters are presented for vehicle noise emission

level measurements, in the TNM.
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4.5 Identification of Study Locations

This field study is mainly intended to measure the noise level in different locations of
Delhi and hence locations were chosen as to represent the different zones within a urban
area like, Residential Zone, Commercial Zone, Silence Zone and Heavy Traffic zone.
The locations chosen for this particular study are shown in Table 4.1. The details of the
selected locations are shown in Table 4.2. Photos showing some of the locations are
shown from Photo 4.1 to 4.5. The map of Delhi showing all locations for field studies is

presented in Pheto 4.6. The site diagrams of all locations are shown from Fig 4.3 to 4.10.

Table 4.1 Locations Chosen for Field Studies

Type of Zone | Location

o New Friends Colony

¢ Laxmi Nagar
Residential Zone

e Karol Bagh

e Red Fort
Commercial Zone

e Safdarjung Hospital

e AIIMS Hospital
Silence Zone

e India Gate

e ILT.O
Heavy Traffic Zone
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Table 4.2 Details of Locations Chosen for Field Study

Location Name of No.of | Details Type of Type of | Data
Code and | The Place | Lanes of Land use Road Duration
Number Median
L1 Safdarjung Six Present | Silence Bituminous | 12 hours
Hospital Lanes
L2 Karol Six Present | Commercial | Bituminous | 12 hours
Bagh Lanes
L3 India Gate Six Present Heavy Bituminous | 12 hours
Lanes Traffic ’
L4 New Four Present | Residential | Bituminous | 12 hours
Friends Lanes
Colony
L5 LT.O Seven Present Heavy Bituminous | 24 hours
Lanes Traffic
L6 Laxmi Seven Present | Residential | Bituminous | 24 hours
Nagar Lanes
L7 AIIMS Six Present Silence Bituminous | 24 hours
Hospital Lanes
L8 Red Fort Seven Present | Commercial | Bituminous | 24 hours
Lanes - |
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Photo 4.1 A View of Location 1(Safdarjung Hospital)
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Photo 4.4 A View of Location 5 (1.T.0)

Photo 4.5 A View of Location 7(AIIMS)
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Photo 4.6 Map of Delhi with All Locations of Field Study
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Fig. 4.3 A View of Location 1
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Fig 4.4 A View of Location 2
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Fig. 4.5 A View of Location 3
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Fig. 4.9 A View of Location 7
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Fig . 4.10 A View of Location 8
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4.6 Data Collection
4.6.1 Ambient noise level

The ambient noise level data for eight selected locations was collected using the sound
level meter (SLM). The ambient noise level data was selected at varying distances from
the pavement edge to incorporate effect of distance. And the sound level meter was
placed at a height of 1.5 m from the road surface level. In the present study, a noise data

was taken for full one hour at varying distances.
4.6.2 Classified traffic volume

This classified traffic volume was conducted for duration of 24/12 hours at each of
selected sites. For this classified traffic volume study, manual method was used to count
and classify traffic flowing past a fixed point. The data was collected giving the

breakdown of traffic in each direction of travel.

4.6.3 Classified traffic speed

Speed is one of the most important characteristics of traffic and its measurement is a
frequent necessity in traffic engineering studies. In this study, the classified traffic speed
was collected for both directions using the radar gun. For this, sampling period of 20
minutes was selected for one hour. For developing individual noise level equations,

classified traffic speed data is very important parameter.
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CHAPTER YV
L ]

DATA ANALYSIS

5.1 Overview

~ In the present study, eight sites have been selected and data has been collected from all
‘these locations. In this four locations have full 24 hours data and other four locations

have 12 hours data.

At each site following data have been collected;

Pk

. Ambient Noise Level

. Classified Traffic Speed
3. Classified Traffic Volume
4. Geometric Data

N

5.2 Traffic Noise Level Parameters

Ambient noise data has been collected in different locations for period of 24/12 hours.
This data has been taken by varying distances from pavement edge. By analyzing this
data, common traffic noise parameters are calculated for every one hour period. This
-parameters are Ljo,LsoLso, and Leq. Computations of noise parameters at different
locations are shown in the table 5.1 and observed Leq at various locations are shown per
every one hour are shown from the table 5.6 (a-f).

5.3 Traffic Volume
The traffic volume of 24/12 hours has been presented in the table 5.2. And, the traffic

volume at all locations has been summarized in the form of total traffic volume for both
directions for every hour. This data has been presented from the table 5.4 (a-f)
5.4 Traffic Speed

With the help of radar gun, speeds of various classes are measured for both the directions
for every hour. This data has been presented from the table 5.5 (a-f) and average speeds

of all locations are presented in the table 5.3.
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Table 5.1 Computations of Noise Parameters at Different Locations

Distance Noise Parameters (in dB(A))
Site from
Code edge of Lo Lsp Log L, | Data Type of
pavement Duration | Zone
L1 5 85 80.66 77.01 | 81.81
Silence
10 8526 | 80.12 | 76.19 |81.58| 12 hours
L2 5 84.98 80.78 7690 | 81.94
12 hours Commercial
10 86.2 79.1 72.66 82.3
L3 5 9091 | 83.75 | 78.88 | 8633 Heavy
12 hours Traffic
L4 5 87.7 78.71 72.35 | 8291
12 hours Residential
5 89.1 82.21 7497 86
L5 155 8079 | 7458 | 71.0 | 7631
5 88.2 79.33 74.45 | 83.98 Heavy
: 24 hours Traffic
17.5 83.46 76.84 72.2 79.2
10 89.61 82.54 77.90 | 85.11
L6 6 85.48 78.76 74 81.13
10 80.98 74.9 70 77.0 | 21 hours Residential
10 85.16 73.9 66.56 | 80.14
10 87.8‘8 82.12 77.41 84.0
L7 5 84.5 76.0 69.58 | 80.49
24 hours Silence
9 83.76 77.89 73 80
L8 10 81.31 74.82 69.47 | 77.36
24 hours Commercial
6 84.94 78.67 73.63 | 81.16
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Table 5.3 Summary of Traffic Speed

Classified Traffic Speed
S.NO | Site Direction
Code Car/Jeep | LCV | Bus Sc/Mc | Truek | A.R

S.Nagar to 48.9 39.5 | 375 |44 29.7 34.7
1 L1 Ashram

Ashram to SN | 454 384 420 |42.8 36.48 | 344

K.Bto C.P 383 1333 |33.7 355 |[248 [287
2 L2

C.PtoK.B 40.1 33.8 | 32.8 |33.7 20.2 28.7
3 L3 High Court to 41.25 404 272 |38.7 35.4 33

UPSC

N.F.Cto S.K.K |43.7 28 205 |35 18.3 30.2
4 L4 .

S.K.Kto N.F.C |49.6 26 232 | 41.8 15 324

[.P Depot. to 49.5 44 446 |44.6 36 37.5
5 L5 Raj Ghat

Raj Ghat to 51.6 46.7 | 43.6 |47 39.5 38.8

I.P.Depot.

Preeth Viharto | 37.8 323 1298 364 18.7 28.9
6 L6 LT.O

I.T.O to Preeth | 38.8 31.2 131 36.2 24 31.1

Vihar

Ring Road to 46 355 {343 (423 17.5 314
7 L7 Mehrauli

Mehrauli to 46 36.6 |31.67 |4l 234 31

Ring Road

ISBT to ITO 35 31.7 | 29 35 18.3 29.6
8 L8

ITO to ISBT 36 31.7 |30 36 22.6 30.3
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CHAPTER VI

PERFORMANCE EVALUATION

6.1 Concept of Performance Evaluation

FHWA TNM Model is used to check the performance of noise prediction. Observed data
from field study has been compared with predicted noise data using FHWA TNM Model. In
this, night and morning data has been included separately.

6.2 Site-wise Performance Evaluation

Performance evaluation has been done for all location. The data, which was collected

From field study compared with predicted noise level using TNM model. Those details

are given below:

6.2.1 Model performance for L1

Type of land use is Silence Zone
Observed Noise Level is 83 dB(A)
Predicted Noise Level is 76 dB(A)
Difference in Noise Level is 7 dB(A)

Fig 6.1(a) Graph Between Leq obs Vs Leq predicetd for Locationl (Night Time)
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6.2.2 Model performance for L2

Type of land use is Commercial Zone
Observed Noise Level is 84 dB(A)
Predicted Noise Level is 76 dB(A)
Difference in Noise Level is 8 dB(A)
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Fig 6.1(b) Graph Between Leq obs Leq cal for Location 2 (Night Time)
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6.2.3 Model performance for L3

Type of land use is Heavy Traffic Zone
Observed Noise Level is 85 dB(A)
Predicted Noise Level is 79 dB(A)
Difference in Noise Level is 6 dB(A)

Fig 6.1(c)Graph Between Leq obs Vs Leq cal for Location3 (Night Time)
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6.2.4 Model performance for L4

Type of land use is Residential Zone
Observed Noise Level is 84 dB(A)
Predicted Noise Level is 76.5 dB(A)
Difference in Noise Level is 7.5 dB(A)

Fig 6.1(d) Graph Beteen Leq obs Vs Leq predicted for Location4 (Night Time)
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6.2.5 Model performance for L5

Type of land use is Heavy Traffic Zone
Observed Noise Level is 85 dB(A)
Predicted Noise Level is 79 dB(A)
Difference in Noise Level is 6 dB(A)

Noise Lewvel dB(A)

Fig 6.1(e)Graph Between Leq obs Vs Leq predicted For LocationS (Night
Time)
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6.2.6 Model performance for L6

" Noise Level dB(A)

Type of land use is Residential Zone
Observed Noise Level is 84 dB(A)
Predicted Noise Level is 79 dB(A)
Difference in Noise Level is 6 dB(A)

Fig 6.1(f) Graph Between Leq obs Leq predicted for Location6

(Night Time)
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6.2.7 Model performance for L7

Type of land use is Silence Zone
Observed Noise Level is 83dB(A)
Predicted Noise Level is 71 dB(A)
Difference in Noise Level is 8 dB(A)

Fig 6.1(g) Graph Between Leq obs Vs Leq predicted for Location?

| (Night Time)
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6.2.8 Model performance for L8

Type of land use is Commercial Zone
Observed Noise Level is 80dB(A)
Predicted Noise Level is 70 dB(A)
Difference in Noise Level is 5 dB(A)

(== PR ——

- Fig 6.1(h) Graph Between Leq obs Vs Leq predicted for Location8
(Night Time) '
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6.2.9 Model performance for LS (Day Time)

Type of land use is Heavy Traffic Zone
Observed Noise Level is 84 dB(A)
Predicted Noise Level is 77 dB(A)
Difference in Noise Level is 7 dB(A)
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6.2.10 Model performance for L6 (Day Time)

Type of land use is Residential Zone
Observed Noise Level is 81 dB(A)
Predicted Noise Level is 77 dB(A)
Difference in Noise Level is 4 dB(A)
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6.2.11 Model performance for L7 (Day Time)

Type of land use is Silence Zone
Observed Noise Level is 84dB(A)
Predicted Noise Level is 77 dB(A)
Difference in Noise Level is 7 dB(A)

Noise Level dB(A)

Fig 6.2(c) Graph Between Leq Obs. Vs Leq Cal. for Location 7 (Day Time)
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6.2.12 Model performance for L8 (Day Time)

Type of land use is Commercial Zone
Observed Noise Level is 83dB(A)
Predicted Noise Level is 79 dB(A)
Difference in Noise Level is 4 dB(A)

Fig 6.2(d) Graph Between Leq Obs. Vs Leq Cal. for Location 8 (Day Time)
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6.3Model Validation

6.3.1 Night time model validation

The observed equivalent noise levels and predicted equivalent noise levels for all eight
locations is presented in Table 6.1. Predicted equivalent noise levels are calculated using
Federal Highway Administration Traffic Noise Model. And graphs for all locations using
FHWA TNM model are presented in Fig 6.1(a to h) and Fig 6.3 shows scatter plot data with
respect noise level predicted by FHWA TNM. The calibrated equation for FHWA TNM is as

follows:

By using FHWA TNM Model, Y= 0.9292X+ 13.982, R* =0.7221 6.1

where, Y=observed noise level, X= predicted noise level
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Table 6.1 Obs. Vs Cal. Leq Values for FHWA TNM Model(Night)

Leq(CAL)

Leq(OBS)

Leq(CAL)

Leq(OBS)

Leq(CAL)

Leq(OBS)

Leq(CAL)

Leq(OBS)

73.760312

82.27257857

75.3804868

80.720714

68.5074

78.63445714

74.23209

81.75222

72.660046

81.9

75.600122

80.220714

67.368356

81.04456032

73.87982

82.35258

73.96

82.78531429

74.9669982

82.620714

67.879282

82.27851648

73.19915

82.82862

70.15421

78.98

74.7337339

83.186429

62.292156

69.29129901

68.76819

77.33829

69.263951

79.18

76.4448007

84.801607

59.086194

62.34247027

68.74813

76.32161

68.221392

77.83142857

74.5248997

83.794464

60.012468

64.31243479

69.66382

77.11978

67.334615

77.95914464

73.0205213

83.077857

63.520267

72.0504349

72.59206

84.95446

71.49

81.02811429

70.0856785

77.745714

63.420733

71.82481029

73.5668

83.60719

67.145833

75.08

70.7460317

80.017902

65.63364

76.92454789

68.8293

78.7

64.053685

72.5

70.2357836

77.795502

66.160581

78.1646866

70.45383

84.33178

66.555439

74.21

75.5555874

84.820714

71.399212

86.41160714

69.455

77.32

68.65617

76.6

73.6166604

82.785714

70.56

81.37

68.09476

75.58606

74.699905

83.07

72.2762229

81.785714

66.985267

81.85754464

69.63904

81.9016

73.511262

83.47130179

71.0674836

80.142857

66.104227

76.735

70.24549

76.72161

72.275795

82.14606429

70.2990413

79.857857

65.017119

78.1

71.907431

80.51

70.6008512

78.16

68.567566

76.29857857

70.021313

78.7246875

68.9604523

76.254464

73.9356112

82.12086429

68.129527

77.50111607

68.9425111

79.635445

73.37556

80.96290179

67.860174

75.20445714

69.4800743

79.204464

76.468357

81.15754464

69.205621

78.40111607

79.6812144

86.282145

74.64943

82.26004464

68.427998

75.4005875

77.9387136

87.302857

76.76732

80.23111607

67.334996

76.47577857

77.9133639

89.160714

76.531091

82.57382857

69.917071

77.56425714

75.9263294

83.002857

75.000082

80.57211429

74.550622

79.91044464

74.5240845

82.345

74.605394

79.715

73.6644

78.77631429

71.3699605

81.67

74.584355

79.6895875

72.401869

79.19446429

70.0119521

82.5

71.932646

81.29664464

72.201645

79.70642857

74.7133834

84.411429

72.335995

81.90720714

69.73793

77.91201607

74.0351972

85.242857

74.313068

86.03682857

69.42362

76.92231429

73.094057

85.064464

74.973803

86.13094464

68.000027

76.28

72.8763086

82.231429

76.240126

85.31004464

64.749267

69.74446429

71.3138558

82.311607

78.90101

84.48111607

64.089617

73.65160714

69.4612857

79.733486

78.408266

85.19764464

67.022617

75.92

68.0909155

78.536114

77.450298

86.11601607

69.535401

76.71875

69.5417208

77.185714

78.064411

86.28945714

68.711316

76.50017857

66.8407007

77.159445

78.134099

83.17445714

77.598862

83.24446429

67.9667982

77.977857

78.091156

85.55221607

75.976895

82.41446429

74.5717171

83.857857

75.433456

85.00014464

74.146767

81.35875

73.1733409

83.460714

73.062822

84.58282857

72.354068

80.83142857

72.762103

82.890179

72.259024

83.46315

70.296047

77.02160714

72.8513025

84.801607

75.701942

88.14571429

69.444776

77.14571429

72.6858998

84.221607

75.381662

86.97446429

68.957458

74.40160714

73.6167307

83.74

75.941563

86.45017857

66.145743

75.30344464

69.6080289

80

75.835239

86.49177857

68.336373

76.4

70.7615653

81.740179

70.824042

83.60551607

68.26542

76.27911429

71.4716127

80.764464

69.290722

82.15785714

69.344

78.54571429

69.5200141

78.296429

67.473197

79.61790179
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6.3.2 Day time model validation

The observed equivalent noise levels and predicted equivalent noise levels for four locations
are presented in Table 6.2 Predicted equivalent noise levels are calculated using Federal
Highway Administration Traffic Noise Model. Graphs for four locations using FHWA
TNM model are presented in Fig: 6.2(a to d) and Fig 6.4 shows scatter plot data with respect

noise level predicted by FHWA TNM. The calibrated equation for FHWA TNM is as

follows:

By using FHWA TNM Model, Y=0.7875x+20.025, R? =0.7176 (6.2)

where  Y=observed noise level, X= predicted noise level
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Table 6.2 Obs Vs Cal. Le

Values for FHWA TNM(DRay Time)

Leq(CAL) Leq(OBS) Leq(CAL) Leq(OBS)
72.88416994 80.65446429 74.76908603 77.25785714
79.54 83.96071429 73.245 76.894
80.87 86.00285714 71.23 74.45

80.69 84.20017857 74.81708074 80.84001607
74.12349686 80.35446429 74.95679017 81.06446429
74.7583295 78.47160714 74.99451256 75.84642857

74.87320211

80.34800714

75.2141765

78.72160714

74.23692026

81.40160714

74.07032797

78.58921607

70.78 73.567 75.31102519 77.58344464
72.63552046 79.14571429 75.27229285 78.96361607
72.243 75.56 75.61375674 77.85160714

73.33452183

80.14571429

74.75892032

79.40017857

73.22142412

80.32071429

74.86625485

78.65017857

73.35082957 78.63142857 80.45 83.256
73.40501063 78.14571429 71.44 74.55
81.24 83.56 69.555 75.666
73.08081704 78.67160714 70.33 76.453
72.60352803 78.61142857 80.9 84.03017857
72.83537375 77.58571429 80.52 81.94446429
73.47412927 80.44571429 80.71 83.93544464
70.85358867 75.9666 85.77896545 87.79017857
72.7026042 76.64446429 85.21 88.56780179
74.06801949 74.55875 83.75 87.4
74.79470712 76.28571429 76.12647782 '80.61446429
73.97021987 77.04446429 76.67716289 78.70017857

74.92003867

75.84446429

72.38655511

75.71886429

73.68716987 76.03142857 71.80540912 75.8665875
74.87814666 75.14000714 72.44104029 75.9821875
75.74434751 77.96875 85.83 88.131

74.77047012

76.80285714

73.94045163

78.63785714

75.54741269

76.28017857

72.27680818

77.22071429

72.60445473 77.58642857 71.68253718 78.835
71.60494016 73.52571429 71.09866997 78.46875
74.5499989 78.24 71.67597584 78.55785714

76.70804753

77.21446429

71.66056967

78.81142857

77.90912417

78.45446429

72.02125589

78.28285714

79.567 83.0343 75.51652737 76.55785714
74.3 78.6 69.17962607 76.04446429
69.55 75.777 72.06820196 76.315
76.30113594 82.80160714 78.18 82.27160714
77.04754815 81.58285714 76.24600166 81.90285714
78.43 81.8967 76.27978699 82.24
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Fig 6.4 Leq Obs. Vs Leq Cal. (FHWA TNM Model
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6.4 Parametric Analysis:

Noise is affected by different parameters. And some of the parameters which affect noise are
traffic flow, vehicle composition and vehicle categories. The major vehicle categories which
are affecting traffic noise are trucks and passenger cars. and ,in this parametric analysis
banning trucks and banning cars in some of the locations are studied.

6.4.1 Banning trucks

Traffic is a composition of different type of vehicles. And we know that, trucks are
contributing more noise to the environment as compared with any other vehicle. Their
composition is less than other vehicles but their contribution of noise levels higher. The
trucks are inherently very noisy even through standard of operation is generally good. And in
this, banning of trucks in some of the locations has been shown from Fig.6.5 (a-d) and

summary of this data has been shown in Table 6.3

| Fig 6.5(a) Graph Between Leq After Banning Vs Leq Before
Banning of Trucks for Location 1 W AFTER BANNING |
O BEFORE BANNING
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Table 6.3 Noise Levels before and after Banning Heavy Vehicles

in dB(A)

2.6

5.3

2.33

1.41

Noise Lq(h)

After ba_nhing heavy Reduction

vehicles

72.66

73.26

75.0

72.89

Before
banning
heavy vehicles

75.26

78.59

77.33

74.3

% of heavy

vehicles

3.39

16.28

1.06

1.67

Location

L1(Night)

L5(Night)

L5(Day)

L6(Night)

S.No

1

2

3

4
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6.4.2 Banning cars

Cars do not differ greatly as noise sources. This might be expected from similarities among
different models and the manufactures concern with good muffling practices. Here, before
banning and after banning of cars has been studied and by this parametric analysis it is
observe.d that predicted noise level is decreased up to 2 — 3 dB(A). And graphs for some of

the locations are shown from Fig 6.5 (e-h)

Fig 6.5(e¢) Graph Between Leq After Banning Vs Leq Before
Banning of Cars for Location 6
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6.4.3 Reducing cars and increasing buses

By this parametric analysis, noise level is decreased up to 2-3 dB(A). Reducing carsto  50%

and increasing buses to 25 % graphs are shown from Fig 6.6 (a —b).

Fig .6.6 (a) Graph Between Leq before and After Reducing Cars to
50 % and increasing buses to 25% for Location 3
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions:

From the following dissertation, the following conclusions are drawn:

1. The observed noise levels from sites are very higher than allowable noise levels at
different locations.

2. The values of Lo Leq at a varying distances from the highway were observed to be
high especially Leq, as per Indian standards.

3. The FHWA TNM (Federal Highway Administration Traffic Noise Model) is used for
noise prediction.

4. By using FHWA TNM, it is observed that, it is giving better estimation of measured
noise level than FI—iWA model.

5. The maximum deviation of observed noise level with predicted noise level is 4-8
dB(A) for FHWA TNM model.

6. By using field data of Night, the equation developed for FHWA TNM is
y=0.7875x+20.025 and R? = 0.7221

7. By using field data of Morning, the developed for FHWA TNM is
Y=0.9292x+13.982 and R*=0.7176

8. By Banning Heavy Trucks in some Locations, the predicted noise level is decreased
up to 3-5 dB(A)

9. By banning cars in some locations, the predicted noise level is decreased up to

1-2 dB (A)
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10. By reducing cars to 50% and increasing buses to 25%, the predicted noise level is

decreased up to 2 — 3 dB(A).

7.2 RECOMMENDATIONS:

1. Individual vehicle noise emission equations for full throttle and half throttle conditions

need to be developed for Indian conditions to FHWA TNM Model.
2. From the study it is quite obvious that various traffic management measures are not quite

effective in reducing traffic noise in a significant manner. There is a need to explore the

possibility of adopting other abatement measures i.e. noise wall and planting dense trees.
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APPENDIX A

NOISE TERMINOLOGY

A-WEIGHTING: A frequency weighting network used to account for changes in

sensitivity as a function of frequency

AMBIENT NOISE: All-encompassing sound that is associated with a given
environment, excluding the analysis system's electrical noise and the sound source of

interest.

BACKGROUND NOISE: All-encompassing sounds of a given environment that

includes ambient, as well as analysis system noise, excluding the sound source of interest.

COMMUNITY-NOISE EXPOSURE LEVEL (CNEL, denoted by the symbol L,):
A 24-hour time-averaged Lag , adjusted for average-day sound source operations. In the
case of highway noise, a single operation is equivalent to a single vehicle pass-by. The
adjustment includes a 5-dB penalty for vehicle pass-bys occurring between 1900 and
2200 hours, local time, and a 10-dB penalty for those occurring between 2200 and 0700
hours, local time. The Lgen noise descriptor is used primarily in the state of California.

Lgen is computed as follows:

Lagen = LAg + 10 X log10(Nday + 3 X Neve + 10 X Nyigne) - 49.4 (dB)
where:

Lae = Sound exposure level in dB

Nuay = Number of vehicle pass-bys between 0700 and 1900 hours, local time;
Neve = Number of vehicle pass-bys between 1900 and 2200 hours, local time;

Niight = Number of vehicle pass-bys between 2200 and 0700 hours, local time; and



DAY-NIGHT AVERAGE SOUND LEVEL (DNL, denoted by the symbol Lga): A
24-hour time-avefaged Lag adjusted for average-day sound source operations. In the case
of highway noise, a single operation is equivalent to a single vehicle pass-by. The
adjustment includes a 10-dB penalty for vehicle pass-bys occurring between 2200 and

0700 hours, local time. Lg, ts computed as follows:

Lan = Lag + 10 x log1o(Ngay + Neve + 10 X Naigne) - 49.4 (dB)
where:

LAg = Sound exposure level in dB

Nday = Number of vehicle pass-bys between 0700 and 1900 hours
Neve = Number of veﬁicle pass-bys between 1900 and 2200 hours
Nhight = Number of vehicle pass-bys between 2200 and 0700 hours

DECIBEL (dB): A unit of level which denotes the ratio between two quantities that are
proportional to power; the number of decibels is 10 times the base 10 logarithm of this
ratio. For the purpose of this document, the reference level is 20 pPa, or the threshold of

human hearing.

DOPPLER EFFECT: The change in the observed frequency of a wave in a transmission
system caused by a time rate of change in the effective length of the path of travel

between the source and the point of observation.

EQUIVALENT CONTINUOUS SOUND LEVEL: L., is defined as the steady sound
level that contains the same amount of acoustic energy as the fluctuating level over the
prescribed period of time. Common prescribed periods are one hour, 24 hours, the day

time hours -7 am to 10 pm, Ly and the nighttime hours-10 pm to 7 am, L,,.

In mathematical terms, Lq is defined as



17 p?
Leq =10 loglo(-fj > dt]

Where
T= Total measurement time

P= A-weighted instaneous acoustic pressure
P..i= Reference acoustic pressure

GROUND ATTENUATION: The change in sound level, either positive or negative,
dﬁe to intervening ground between source and receiver. Ground attenuation is a relatively
complex acoustic phenomenon, which is a function of ground characteristics, source-to-
receiver geometry, and the spectral characteristics of the source. A commonly used rule-
of-thumb for propagation over soft ground (i.e., grass, terrain) is that ground effects will
account for about 1.5 db per doubling of distance. However, this relationship is quite

empirical and tends to break down for distances greater than about 30 to 61 m (100 to
200 ft).

HARD GROUND: Any highly reflective surface in which the phase of the sound energy

is essentially preserved upon reflection; examples includes water, asphalt and concrete.

INSERTION LOSS (IL): The difference in levels before and after installation of a

barrier, where the source, terrain, ground, and atmospheric conditions have been judged

as equivalent.

Lio: The sound level that is exceeded 10 percent of the time: that is, the 10" percentage

point or the 90™ percentile of the sound pressure level probability distribution function.

Lso: The sound level that is exceeded 50 percent of the time: that is, the 50t point or

percentage of the sound pressure level probability distribution function (also called the

median level).



NOISE: Any unwanted sound.

NOISE BARRIER: The structure, or structure together with other material, that
potentially alters the noise at a site from a BEFORE condition to an AFTER condition.

NOISE POLLUTION LEVEL, Lyp: For many community noise situations of interest,

an expression can be used as follows:
L.Np = Leq+a (Lm —-Lgo) where a=1.0

The noise pollution level is potentially attractive because, in principle, it allows
annoyance from aircraft, traffic, and perhaps other sources such as industrial noise to be
determined. Since Lyp is intended to describe both traffic and aircraft noise successfully
and since it describes traffic noise as well as or better than TNI, the Noise Pollution Level
has received more interest, attention and use. However, the superiority of Lyp over all

other forms of noise rating has not been proved in practice.

SOFT GROUND: Any highl'y'absorptive surface in which the phase of the sound energy
is changed upon reflection; examples include terrain covered with dense vegetation or
freshly fallen snow. (Note: at grazing angles greater than 20 degrees, which can
commonly occur at short ranges, or in the case of elevated sources, soft ground becomes

a good reflector and can be considered hard ground).

SOUND LEVEL: Weighted sound level measured with a sound level meter having
metering characteristics and a frequency weighting of A, B, or C as specified in the sound

level meter standard.

SOUND PRESSURE LEVEL (SPL): Ten times the logarithm to the base 10 of the ratio
of the time-mean-squared pressure of a sound, in a stated frequency band, to the square of

the reference sound pressure of 20 pPa, the threshold of human hearing.

TRAFFIC NOISE INDEX, TNI: The traffic noise index is a weighted combination of

Lio and Lgo and takes into account the amount of variability in observed sound levels in



an attempt to improve the correlation between traffic noise measurements and subjective

response to noise.

TNI =4(Ljo —Log) +Loo—30 dB

Where
Lio= 10 percentile exceeded sound level
Loo= 90 percentile exceeded sound level

The first term expresses the range of noise climate and describes the variability of the
noise, while the second represents the background noise level and the third term is
introduced to yield more convenient numbers. Use of TNI, however has not been too

widespread.



APPENDIX B

ROADWAY TERMINOLAGY

AT-GRADE ROADWAY: a roadway element that is level with the immediate

surrounding terrain.

AUTOMOBILES: all vehicles having two axles and four tires — designated primarily for
transportation of nine or fewer passengers, i.e., automobiles, or for transportation of cargo, i.e.,
light trucks. Generally, the gross-vehicle weight is less than 4500 kg (99001b).

Average highway speed (AHS): the weighted average of design speed with in a roadway
section:

DEPRESSED ROADWAY: a roadway that is constructed below the immediate surrounding
terrain. _

ELEVATOR ROADWAY: a roadway that is constructed above the immediate surrounding
terrain, either on a landfill or a structure. ‘
HEAVY TRUCKS: all cargo vehicles with three or more axle. Generally, the gross vehicle
weight is greater than 12,000 kg (26,400 1b).

MEDIUM TRUCKS: al‘l cargo vehicles with two axles and six tires. Generally, the gross
vehicle weight is greater than 4,500 kg (9,900 Ib), but less than 12,000 kg (26,400 Ib).
OBSERYVER: the location at which noise levels are computed and analyzed: also called the
“receiver”.

PAVEMENT: the part of the roadway having a constructed surface for the facilitation of
vehicular movement.

ROADWAY: used here to designate any arterial highway, expressway, freeway, or parkway.
ROADWAY WIDTH: the distance between the outside edges of the nearest and farthest
traffic lanes including median.

SHIELDING: any construction or natural barrier which, when interposed between the
roadway and observer, will provide an excess reduction in roadway noise.

SHOULDER: that portion of the roadway between the outer edge of the nearer traffic
pavement and the farthest point from the roadway which has been graded or paved for

emergency vehicular use.
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