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ABSTRACT

Road traffic noise is a function of basic traffic element (flow, speed,
density) and percentage of heavy vehicles. The recognition of traffic noise as a
one of the main sources of environmental pollution has led to the development
of statistical models that enable the prediction of traffic noise level from
fundamental variables of basic traffic element. The main objective of this
research is finding out the effects of these elements on traffic noise levels for
multilane highways in Baghdad city.

Data has been collected throughout an extensive field survey on twenty
selected sections in the study area. Noise levels were measured by using sound
level meter in five stations in each selected road and the noise level reading
was taken at each ten seconds, the reading of sound level meter was recorded

directly, then the noise levels were determined ( Lo, Lsg, Lo, Ligg):
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Statistical technique is applied to analyze the collected data by the aids
of computer program packages in order to present the best models to describe
the influence of flow, speed , density and percentage of trucks on traffic noise
levels.

The results of this study indicate that the second and third order
equations are the best models that represent the effect of each traffic element

on each traffic noise level in general, and especially on L, noise level.
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Traffic noise, noise levels, traffic flow, speed, and density
INTRODUCTION

In the recent years, highway traffic noise becomes the toll of progress,
which is defined as " the unpleasant or unwanted sound" generated on our
nations, streets and highways which are highly concerned with both public and
local officials™™. The source of traffic noise consists of large number of
different type of vehicles , while ‘S;)und or noise transfer affected by elevation
of highway distance between highway and receiver, difference in topography
and wind direction and speed . In general road traffic noise at a given
locations is the combination of the individual noise from each vehicle that
comprises the traffic stream™™",

Study Problem and Objective
Baghdad city, the capital of the republic of Iraq, has had a considerable

leading position in the middle of Iraq as historical, business, civilization, -

commercial, administrative, and educational center. It is drawing significant
quantities of traffic from wide spreads area, for many different purposes; so

that traffic characteristics which include the traffic elements and traffic noise

(]
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levels are the majority problems present a number of the constituent factors of
a complex of urban problems.

The main objective of this study is to present throughout extensive field
and statistical analysis , the characteristics of the traffic elements and traffic
noise levels of multilane highway in Baghdad city network.

Causes of Traffic Noise

The major factors which influence the generation of road traffic noise
are!>9l: (a) traffic flow, (b) traffic speed, (¢) proportion of heavy vehicles, (d)
gradient of the road, and (e) nature of the road surface .

Highway traffic noise is never constant. The noise level always changing
with the number, type and speed of vehicles which produce the noise.
Generally, the loudness of traffic noise is increased by beaver traffic volumes,
higher speed, and greater number of trucks. Vehicles noise is a combination of
the noises produced by the engine, exhaust, and tires!”*!,

The Noise Levels

Statistical descriptors are almost always used to describe varying traffic
noise levels™. A decibel (dB) is a unit of measurement which indicates the
relative intensity of sound. It is ratio between a measured quantity of sound
and an agreed reference level .The dB scale is logari-thmic and uses the
hearing threshold of 20upa as the reference level!'*!'!,

The L, , a statistical descriptor, signifies the noise level that is exceeded
x% of the time. This descriptor was formerly used in highway noise. The most -
common value of x was 10, denoting the level that was exceeded 10% of the
time. The L., descriptor is a special sort of average noise level. The Leqis also
called an energy-mean noise level. L., for typical traffic conditions is usually

about 3dBA less than the L, for the same conditions ['>'% 14,
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Study Area

The study area consists of 20 sections selected from four multilane
highways in Baghdad city network as described in Part A of this study. These
multilane highways classified as 6-lane and 4- lane highways.
Data Collection

Commonly the data was collected on weekday through the week
(from Sunday to Wednesday) , bad weather and special event conditions have
adverse effects on the roadway , therefore; all measurements were carried out
from March to June 2004.

Traffic noise levels, which were measured from a specific source is
normally carried out at positions near to the source, where are the sound
pressure level of the noise from the source was significantly greater than the
sound pressure level from all other noise. Traffic source was considered to be
moveable then the sound power output should be taken as maximum output
from all applicable directions. In this study noise measurement was done by
using a sound level meter, produced by Bruel & Kjaer(type 2235 B-K) as
shown in Figure(1). After calibration procedure was finished according to the
specification of Bruel and Kjaer before and after measure- ment period, traffic
noise levels for each selected section was obtained. The following factors
were fixed during traffic noise measurement [*");
1.The grade is level.

2. Wind speed is quite not exceed 2m/sec. 3

3. Pavement surface is normal for all chosen segments.
4. Tires condition is good ( normal ).

5. Temperature rang between (15-40) 'C.

6. The effect of sudden vibration, shocks, strange voices like horn,
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talking, and noisy cloths was avoided from any measurement.
Data Analysis
After collection of the field observation data , the collected data were
combined and ranged together and feed to the computer programs in order to
analyze these data .

The calculation of the noise levels Lo, Lso and Lgy (dBA) for each
selected section of the study area can be obtained from recorded distribution
histograms of the noise measurement that recorded from sound level meter
directly. This distribution translates as decreasing cumulative" S" curve of
reading as shown in Figure (2), while L.,dB(A) was calculated by using the

following equation[(”g‘l‘”:

Leq=L50+(L10'—L‘JO )2/56 .............................. (1)

Series of computer runs using (SPSS and Statistica) programs were
carried out in order to declare the effect of traffic elements on traffic noise
levels such as (L9, Lso, Loos Leq)dB(A).

Models Calibration and Validation

According to Federal Highway Administration”, the models of 4-lane
and 6-lane multilane highways had been calibrated entirely on the same
existing data can be used in developing these data. Random samples of 150
observations were selected in order to calibrate the models.

The models were re-estimated using new data set consisting of 250
observations that were selected randomly from different sections in the study

area in order to validate the models. Statistical tests were done for this purpose
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by using chi-square method, which is based on the error between the observed
and assumed sets of distribution .
STUDY RESULTS

Base year data ( i.e. 2004 ) was used to derive a set of models with their
regression coefficients . The final derived models can be used to predict noise
levels represented with any of the independent variables (traffic elements)
proposed in this study.

Traffic Noise Levels and Traffic flow relationship

As shown in Table (1), the results of 6-lane multilane highways
showed that the quadratic formula gives the best relationship between any
level of noise and traffic flow (q) in general and especially L, dB (A). The
analysis indicated that the quadratic formula gives highest value of the
adjusted coefficient of determination (R*) with lowest value of standard error
value, when compared with other resulis.

Figure (3) shows that as flow increased L,y dB (A) noise level increased
rapidly up to 1500 veh/hr , the increased of L,y dB(A) noise level decreased as
the traffic flow increases , due to speed reduction as a results of traffic
congestion. For 4-lane multilane highway the same results in the previous
paragraph were present as shown in Table (2) , and Figure(4). Figure (5)
shows the effect of the distance between traffic source and receiver location
on Ly dB(A) noise level for 6-lane multilane highway . It was found that Lo
sound level decreased about 3dB (A) for each doubling of distance from the
source.

Traffic Noise Levels and Speed Relationship
The space mean speed (v,)has an important effect on traffic noise level.

At certain speeds the noise produced by vehicles is dominated by the

29
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sound of the tires rolling on the road surface. At lower speeds below 40-50
Km/hr, the engine noise becomes important too 81 The increase in speed has a
great effect on passenger car rather than heavy vehicles , then at highest speed
the noise levels of tires and engine are of great important.

For 6-lane multilane highway, as shown in Table (3), the cubic and
quadratic formulas show the best relationships between the traffic noise level
and space mean speed. Moreover ; this table and Figure (6) show that the Ly
dB(A) noise level is best correlation with space mean speed according to the
higher value of adjusted (R?) with lower value of standard error. In Figure (6),
I.,0dB(A) noise level decreases rapidly as average speed increased up to
74Km/hr, which represent the optimum space mean speed. Then as an average
speed increased the Lig dB(A) noise level increases 100. These results are
presented on 4-lane multilane highway in same manner as shown in Table (4).
Figure (7) indicates that the optimum space mean speed is ( 68 Km/hr).
Traffic Noise Level and Traffic Density Relationship

The final results of statistical analysis show that the cubic equations
represent the good correlation between the noise level and the harmonic mean
density (k) for 6-lane and 4-lane multilane highways. Beside that, these results
refer to the most significant noise levels for these relationships. Table (5) and
(6) represent these equations for 6-lane and 4-lane multilane highways -
respectively. For 6- lane highways Figure (8) shows that the best relationship -
is the cubic equation . In this figure the Lig dB(A) noise level decreases as
density increases up to (29 veh/km/In), which represent optimum density for
traffic noise level. Then the Ljp dB(A) noise level increased as density
increased up to (69 veh/km/In), which represents the worst density for traffic

noise level .Then Ly dB(A) noise level decreased as density increased.
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In the same manner, Figure (9) gives the best cubic equation for 4-lane
highways. In this figure. the densities of (20 veh/km/In) and (66 veh/km/In)
represent the optimum and worst densities for Ly dB(A) noise level
respectively.

Traffic Noise Level and Percentage of Heavy Vehicles Relationships

The correlation between the noise levels and the percentage of heavy
vehicles was tested by using statistical analysis. All percentages of heavy
vehicles were calculated when the traffic flow vary between 900 to 1100
(veh/hr) for 6-lane multilane highway and between 750 to 1000 (veh/hr) for 4-
lane multilane highway.

As shown in Tables (7) and (8), the quadratic equation represent the
best correlation between the percentage of heavy vehicles and the traffic noise
level in general, and L, dB (A) noise level especially, for 6-lane and 4-lane
respectively. While Figures (10) and (11) show the best quadratic equation to
represent the effect of heavy vehicles on the Ly dB(A) noise level for 6-lane

and 4-lane respectively.

CONCLUSIONS

According to the field measurements and statistical analysis
techniques used to investigate the effect of basic traffic elements on traffic
noise levels along two types of multilane highways in Baghdad city. The
following conclusions can be drawn out:

1- In the study area, L;; dB (A) is the most significant noise level among
other levels that described the relationship with traffic elements. Beside
that, it was found that the Ly dB (A) noise level very high (ranged between
79-85) dB (A) along selected section of study area. This leads to the fact

31
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that planners, designers and decision makers must not neglect traffic noise
level impact which causes worst environmental offects on the road side

development for highways in lraq.

)

- The second and third degree formulas give the best statistical relationships
between the dependent variable Lo dB (A) noise level and each traffic
elements as independent, according to the maximum value of adjusted (RZ)
, minimum value of standard error (S.E.) , and signiﬁcam"ay F-test , for
multilane highways in Baghdad city.

. The continuing work is needed to implement Traqi criteria related to traffic

noise on traffic network in Irag. Considering social and environmental

properties, due to importance of establishment strategy to improve acoustic
environment .This criterion must be characterized by flexibility and
comprehensive 10 be compatible with traffic conditions, which help
planning government 10 establish strategies of vehicles noise pollution

control.
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Table (1). Correlation between noise levels and traffic flow(q) for

6- lane multilane highways (Baghdad 2004).

Relation §| Adjusted || Standard || Computed
Production Model

5

Type R" Error S.E. F-value

L;,=52.834+0.013%q Linear 99.416

L;0=36.790+15.522*log q 5 72.391

L10=93.929-14795(1/q) - 62.113

L10=61.111+0.021*q - atid| 119.013 ¥
0.00000043*q*

L;0=12.833%(q)"*"

Ls=47.454+0.011%q Linear
Ls¢=33.323+14.008*log q
Liso=75.749-4510.923(1/q)
Lsp=36.041+0.028%q -
0.00000048+%q’

Lso=11.452%(

Log.

Inverse

0.243
)

Lg=51.443+0.015%q Linear ; 10.031 §

Lo=31.773+13.224%log q Log. . 1.808 11.112 1
Loy=71.202-4268.660(1/q) Inverse ; 2.710 16.600 1
Loi=33.645+0.026%q - id 0. 1.399 45.615 +

0.00000046* ¢
Ly=10.688*( q)"**

L,=48.481+0.012%q 32.066
L.,= 37.881+14.965%log q 18.190 +
L.=78.664-4845.396(1/q) Inverse 17.110 +
L.=36.336+0.030%q - Quadrati 37.844

0.00000051%q’
L.=11.139%(q)"*"

power 11.701 +

t Significant for 1% confidence level .

il
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Table (2)- Correlation between noise levels and traffic flow(q) for
( ad 2004).

4-lane hwhwa\(Baoh

32.001 +
44.401

Lm=66.159+0.007*q Linear
L.0=20.980+T.832*lng q
L.n=82.139-4‘?90.06(1!q)

L.n=62.471+0.013*q—0.0000024*q2

Log

42.602 §

Inverse

50,166+

L,=35.577%( Q""" 42511 t

Lsn=56.838+0.009* q
L<=1.863+9.556*log q
50=76.384-5T05.74(1! q)
qu.J-'—:'>2.242+0.011-”‘q—0.000()029"‘q1 Quadratic
1%(

Log

Inverse

0.146
)

Ls=24.44 Power

Lgn=51.863+0.009*q Linear
L,=6.815+1.076*l0g q

Ly =72.019-6364.67(1/q)
Lgu=44.67'?+(].021 *q-0.0000(}46*q
)

L.,~60.830+0.008* g

Log

Inverse

2 || Quadratic

Loy=19.933 Power

Linear

ch=-l3.[}58+8.336*log q Log
Leq=77.999-4896.32(1;‘ qQ)

Lc.,=57.44__9+{}.013* -0.0000022%q

Inverse

21 Quadratic

L=30.091%( g

Power

7 Significant for 1% confidence level .

i Significant for 59, confidence level .

(30-49)
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Table (3). Correlation between noise levels and space mean speed(vy)

for 6-lane multilane highways (Baghdad 2004).

|
Relation || Adjusted || Standard § Computed
Type R’ Error S.E.

v Production Model

F-value

L6=93.795-0.161 v, Linear 0.585
L;=127.112-10.536 log v, Log. 0.647
L10=72.944-654.614(1/v,) Inverse 0.696
L;=113.40-0.111v,+0.007 v;* || Quadratic J.* 9779
L1=100.8-0.445v-0.003 (v)’ Cubic 0778

+0.000005 (v,)*
L,=137.253 (v;)™'" Power 0.654

2292 33.41
3.307 42.112
1.993 45.411
1.223 60.551
1.276 93.44

1.515 22219 7

Ls=86.671-0.182 v, Linear
Ls=122.112-11.036 log v, Log.
Ls=64.244+677.014(1/ v) Inverse
L5=95.39-0.464v, +0.002 v,* || Quadratic

' Ls=50.2+1.77v, +0.003 (v)’

+0.0001 (v,)’
Ls=110.253 (v)™'”

Ly=80.72-0.151 v, 0.541 42.112
Lo=111.892-9.963 log v, Log. 0.511 39.331
Lyi=60.993+599.639(1/v,) Inverse 0.505 41.32
Ls=91.207-0.496v,+0.002 v,* || Quadratic | 0.567 40.411

Lg;=83.113-0.81v,-0.003 (v,)* 0.578 45.615 +
+0.00003 (v,)’
Lo=126.498%(v,) "¢ 0.541 22.61

L..~72.347-0.178 v, 10.551

L.=124.926-11.332 log v, Log. 17.37

L;=66.944+687.475(1/v,) Inverse 21.112

Le=90.12 -0.815v,+0.005 v || Quadratic 21.221

* g L =44.17+2.39v,-0.004 (v,)’ 38.626
+0.0002 (v’

L.=142.373 (v,)*'¥ 12.212  +

+ Significant for 1% confidence level .
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Table (4).Correlation between noise levels and space mean speed (vy)

101 4- Lme lu(rhwav(Baghdad 2004).

i ] Relation Adjusted Standard
Production Model
1_ Type Error S.E.

L,=87.8452-0.115 v,
L,.;.=110.682-7.294 logv;
L,=73.252-449.383(1/vy)
1,,=88.478-0.97 v,+0.0003 Ve
L,¢=95.404-0.387v,+0.003 v’
+0.00006 (vs)’

L,=131.238 ey

(,omputui |

F-val ue

Linear

Log.
Inverse
Quadratic

L50=78.9'?2-0.069 v, Linear
Ls=93.449-4.561 log Vs
L<,=69.853+293.553(1/v,)
Lsg=92.784-0.501 v,+0.003 v,
L<=83.724-0.073v,+0.003 (AS

+0.0003 (v,)’

Log.

Inverse

Quadratic
Cubic

3.181
4111 %
3.381
4,552 17

5421 7

ng=‘?2.960-0.053 Vs Linear
Lo=84.230-3.542 logv,
Loy=65.880+229.527(1/v,)
Lo=87.761-0.516
V5+0."003*v51 .
Log=45.360+1.486v.-0.027 (A
+0.0001 (v.)’

Loi=75.950 (v """

Log.

Inverse
Quadratic
Cubic

4911 T7

power

S

3.511
4221 1t
4002 11
4112 1
4547 1

L.=71.290-0.075 v,

L=96.679-4.866 log Vs

Le=71. 563+309 192(1/v;)

L, ~88. 956 0.314 v+0.001 Ve
L =43.617+5.948v,+0.01 (v’

+0.0001 (v,)*

Linear
Log. '
Inverse

Quadratic

3.911

+  Significant for 1% confidence level .

++ Significant for 59% confidence level .~~~ =

(38-49
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Table (5). Correlation between noise levels and density(k) for
6-lane multilane highways (Baghdad 2004).
Relation || Adjusted Standard | Computed
Type R’ Error S.E. F-value

Production Model

L,;=66.185+0.142 k Linear

L,¢=56.933+5.197 log k Log. 85.661

L=84.244-159.915(1/k) Inverse 100.991

L,0=76.416-0.018 k+0.0018( Kk’ Quadratic 101.280 7

L10=87.427-1.034 k+0.026 (k)* Cubic 129.096 +
+0.0003 (k)*

L;0=60.685 (k)*** power 60.608

Liso=69.736+0.145 k

Ls¢=54.642+5.727 log k Log.

Li50=80.764-192.279(1/k) Inverse

Ls0=67.339+0.264 k-0.001(k)* Quadratic

Lso=72.871-0.167 k+0.009 (k)? Cubic
+0.00007 (k)

Ls=57.187 (k) ™'’ power

Log=65.792+0.130 k Linear 25.781 7

Log=52.443+5.093 log k Log. 30,991 +

Lgp=75.641-169.742(1/k) Inverse 33.602

L9p=65.154+0.162 k-0.0003(k)> Quadratic 45.541  +

Log=60.696+0.354*k-0.004 (k)* Cubic 54,997 4
+0.00003 (k)

Log=50.571 (k) ™' power

L.=72568+0.146k | Linear

Leq=58.026+5.596 log k " Log.

Le,=83.346-180.275(1/K) Tnverse

Leq=72.425+0.153k+0.0001(k)* Quadratic

Le=85.513-0.868k+0.0024 (k) Cubic
+0.0001 (k)*

Lq=60.289 (k)**" power

T Significant for 1% confidence level .
t1 Significant for 5% confidence level . -
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Table (6). Correlation between noise levels and density (k)

for 4- Iane multilane highways (Baghdad 2004).
" Relation || Adjusted || Standard
Error S.E.

Relation (,omp_ute_d

Type F-value

5.990 it
7.002 F
35.661 T
22.635. 1
51.842

| L,=65.520+0.166*k Linear
L,,=55.746+4.972*logk
L,,=82.507-141.371(1/K)
L,,=71.509-0.0443*k 0.004%K?
Lm=84.465-1.218*k+0.044*k2
-0.0053*(k)’
L,=65.373*(K)"*""

Log.

Inverse

Quadratic

18.186 T

L5=71.708+0.092*k Linear
L¢=65.603+2.630*logk
L5=76.977-71.033(1/k)
Ls=70.237-0.213%k+ 0.010%K’
L50=?5.057-0.0_39*k+0.032*k1
-0.0003*(k)’
L=66.083%(k)""**

Log.
Inverse
Quadratic
Cubic

Loo=65.840-0.198*k Linear
Ly=61.998+2.224%log k
Loy=71.715-62.743(1/K)
L90=66.926__+0.097*k-U.OUOS*kz
Lgn=66.926+0.097*k-0.0003*(k)2
-0.117%(k)’
Lo=62.384% (k)"

Log.

Inverse

Quadratic
Cubic

L., =73.489+0.098*k Linear
L=66.835+2.846%log k
L.,=79.181-78.180(1/K)

L=60.502-0.030%k + 0. 002* K*

L=55.502-1.233*k +0. 07%(k)’

-0.0008%(k)’

Log.

Inverse

7714 1
9.910

Quadratic
Cubic

6.113 11

v Significant for 1% confidence level .
++  Significant for 5% confidence level .
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Table (7). Correlation between noise levels and percentage of heavy
ays (Baghdad 2004).
Relation Adjusted | Standard }| Computed

vehicle (HV) for 6-lane multilane highw

Production Model 5
‘Type R Error S.E. F-value

L;p=70.003+0.295*HV Linear

L10=67.104+2.727*log HV Log.

L,=75.043-14.725(1/HV ) Inverse

L1=73.409-0.030*HV+0.022*HV * || Quadratic

L1=72.621-0.027*HV-0.002*(HV )* || Cubic
-0.0006 *(HV )’

L1i=67.204*(HV %)™

L5y=59.736+0.145*HV % Linear

Ls=44.642+5.727*log HV% Log.

Ls=70.764-192.279(1/HV %) Inverse

Ls¢=67.66+0.851*HV%+0.017*HV? || Quadratic

Ls=62.66+8.127*HV+0.011*(HV )* || Cubic
-0.022% (HV )?

Lso=47.187*(HV )™

L9g=57.625+0.258*HV Linear
Lyi=54.629+2.568*log HV Log.
Lo;=62.393-14.531(1/HV ) Inverse
L9y=60.736+1.192*HV +0.027*HV * || Quadratic.
Ly=67.236+0.067*HV-0.009*(HV)?

-0.001%(HV )’
Lyy=54.767*(HV ) *%¢

L.,=64.387+0.308*HV Linear 2. 21.210
L.;=60.902+3.028*log HV Log. 6. 3.717
L.,=70.097-17.570(1/HV ) - | Inverse ' ; 16.170
Le=65.69+0.037*HV +0.040* HV * || Quadratic 12 29.055
Le=67.069+1.79*HV-0.090*(HV )? : 19.250
+0.0017* (HV )’
11.190

T Significant for 1% confidence level .
71  Significant for 5% confidence level .
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Table (8). Correlation between noise levels and percentage of heavy
vehicle (HV) for 4-lane multilane highways (Baghdad 2004).
" P ~ [l Relation | Adjusted Standard r-(;n$ul&§§'
Production Model :
L Error S.E.

Type F-value |

Linear

1,=71.705+0.689*HV

L,=70.346+4.198*log HV

L,,=74.932-13.986(1/HV )

L,,=72.895+0.011*HV +0.008* HV?

| L,,=78.619-0.096* HV +0.002 #(HV)?
-0.002*(HV )’

L,=75.444*(HV )"

L<=66.242+0.195*HV
15;=63.989+1.917*log HV
L<=69.991-14.097(1/HV )
Ls;=67.452-0.294*HV +0.001*HV*
Ls=67.452-0.294*HV +0.054%(HV)?
-0.001*% (HV )’
Ls=67.093*

Lyg=63.569+.447*HV

Lo=59.41+1.751*log HV

Lo;=64.905-12.977(1/HV )

Loi=60.329+1.447*HV -0.056*HV’

Lyy=63.319-0.724*HV+0.113*(HV )
-0.003*(HV )’

Lo,=59.51*(@V )"

Log.

Inverse

Linear

Log.

Inverse
Quadratig

Linear

Log.

Inverse
Quadratic
Cubic

Leq=70.231+0.499*IIV Linear

L.=66.99+1.892*log HV

L.=71.940-14.072(1/HV )

L, =68.785+1.211*HV -0.041*HV 1

L. =69.044-.158*HV +0.04*(HV )
-0.0008*(HV )’

L. =68.098*(HV )"

Log.

Inverse -

Cubic

power

-+ Significant for 1% con fidence level .

++  Significant.for 5% confidence level = *=cl
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Figure(2). A typical cumulative percentage of noise level on

6-lane multilane highways (Baghdad 2004).
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Figure (3). Relationship between traffic flow and Ly dB(A) noise level

for 6-lane multilane highways (Baghdad 2004).
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Figure (4). Relationship between traffic flow and Lo dB(A) noise. level

for 4-lane multilane highways (Baghdad 2004).
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Figure (5) . The effect of the distance between traffic source and
receiver location on L;y dB(A) noise level for 6-lane
multilane highways (Baghdad 2004).
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Figure (6). Relationship  between space mean speed and L;; dB(A)
noise level for 6-lane multilane highways (Baghdad 2004).
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Figure (7). Relationship between space mean speed and Lo dB(A)

noise level for 4-lane multilane highways (Baghdad 2004).
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Figure (8). Relationship between traffic density and Lo dB(A)noise

level for 6-lane multilane highways (Baghdad 2004).
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Figure (9). Relationship between traffic density and L;o dB(A) noise
level for 4-lane multilane highways (Baghdad 2004).
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Figure(10). Relationship between percentage of heavy vehicle and
Ly dB (A) noise level for 6-lane multilane highways
(Baghdad 2004) . '
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Figure (11). Relationship between percentage of heavy vehicle and
Ly dB (A) noise level for 4-lane multilane highways

(Baghdad 2004).
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