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ABSTRACT

Road traffic noise is a function of basic traffic element (flor,,,, 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 traffie element. The main objective of this

research is finding out the effects of these elements on traffic noise levels for

mr-rltilane highrvays in Baghdad city.

Data has been collected throughout an extensive field survey on twent-v

se1ectedsectionsinthestudyarea.Noise1eve1sweretrreasuredbyusingsounc1

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 ( L,o, L5e, Leg, L.r).
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Statistical techrri.lLic is npplicd to analyze thc collecteci dat:i 1',1 titc ti;iis

of contl'rLrter progralt'] llaci\ilges in order to present tlie best mocieis to clescriirt-

the ir"rtluence of flou,, spcrd , clensity and percelttage of trucks ort ti'ri1'1lc tltlisc

levels.

The resr,rlts of this study indicate that the second and thircl order

equations are the best models that represent the effect of each traffic elemetlt

on each traffic noise leve1 in general, and especially on L16 noise level.

KEYWORDS
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 l-righways which are highly concerned with both public and

local officialsl2l. The source of traffic noise consists of large number of

diffelent type of vehicles , while sound or noise transfer affected by elevation

of highway distance between highway and receiver, difference it-t topography

and u,ind 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 tlaffic streaml3'a].

Study Problenr and Objective :

Baghdad city, the capital of the repubiic 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 traff,rc fiom wide spreads area, for many different purposes; so

that traffic characteristics which include the traffic elements and traffic noise

l5
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lcvels are thc ltliiiorii.\'ilroblcr.ns prescnt a nLrmber o1'thc constiiLrcnl lactors oi'

a cornplex o1'tuban i)roblelrs.

The r-nain objectivc o1'this study is to present throughour ertensir,e fielcl

and statistical analvsis , the characteristics of the traffic elements ar-rd traltlc

noise levels of muitilane highway in Baghdad city network.

Causes of Traffic Noise

' The major factors which influence the generation of road traffic noise

u.e[t'u]: (a) traffic flo\ ,, (b) traffic speed, (c) proportion of heavv vehicles. (d)

gradient of the road, and (e) nature of the road surface .

Highway traffic noise is never constant. The noise levei alr,r,ays chanuing

with the number, type and speed of vehicles which produce the poise.

Generally, the loudness of traffic noise is increased by beaver traffic volumes,

higher speed, and greater number of trucks. Vehicles noise is a conrbination of
the noises produced by the engine, exhaust, and tires[7.8].

The Noise Levels

Statistical descriptors are almost always used to clescribe ,. rl'r i11q rr.atfie

noise leveisi5'el. A ciecibel (dB) is a unit of measurement uhicl, ir-rdicates the

relative intensity of sound. It is ratio betu,een a measlrred quantity of sound

and an agreed teference levei .The dB scale is lo-sari-thmic and uses the

hearing threshold of 20ppa as the reference leveltt0,"l.

The L,, a statistical descriptot, signifies the noise level that is erceeded

xo/o 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 1091, of the

time. The L.o descriptor is a special sorl of average noise level. The L.o is also .

called an energy-mean noise level. L"o for typical traffic conditions is usr-rally

about 3dBA less than the L1e for the same conditions u2. 13, 141.
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Sttrdy Area

T'he study area consisls tl1' 20 sections selected 1l'oin lour rluitiirintr

I-riqhways in Baghdacl citl'netu'ork as clcscribed in Part A of this srlrcly.'fhcs.r

rrr-rltilane highways classifiecl as 6-1ane and 4- lane highwal,s.

Data Collection

commonly the data was collected on weekday through the week

(from Sunday to Wednesday) , bad weather and special event conditions havc

adverse effects on the roadway , therefore; all measurements were car:ried 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 frorn 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 meteL, 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 follo'ui,ing factors

were fixed during traffic noise measurement [7,15]:

I .The grade is level. :

2. Wind speed is quite not exceed 2mlsec. .',

3. Pavement surface is normal for all chosen segments.

4. Tires condition is good ( normal ).

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

6. Tlie effect of sudden vibration, shocks, strange voices like horn,

a1

a
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talking, and noisy cloths \"iiS ii\1oi.ittl fl'onl any measurelllcllt'

Data AnalYsis

After collcction ol tht llelci oLrservation data , the collccte(i (liii'r 
"\ 

tr1''

combined and ranged togethel' and 1'eed to the computel proglallls il.t ortlcr tcr

analyze these data.

ThecalculationofthelloiselevelsLto,LsoandLgg(dBA)lbreaclr

selected section of the study area can be obtained from recorded distribr'itior-r

histograms of the noise measurement that recorded from sound level metet

directly. This distribution translates as decreasing cumulative" S" curve of

reading as shown in Figure (2), while L.qdB(A) was calculated by using the

following equation[6'e' 
ra] 

:

Leq Lso*(L,o-Lso)2156 (1)

Series of computer runs using (SPSS and Statistica) programs were

carried out in order to deciare the effect of traffic elements on traffic noise

1evels such as (Lto, Lso, Le6, L.q)dB(A)'

Models Calibration and Validation

According to Federal l{ighway Administrationl2l, the models of 4-lane

and 6-lane multilane highways had been calibrated entireiy on the same

existing data can be used in deveioping these data. Random samples of 150

observations were selected in order to calibrate the models'

The models were re-estirnated using new data set cbnsisting of 250

observations that were selected randomly from different sections in the study

area in order to validate the models. Statistical tests r.r'ere done for this purpose
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b1' r.,ti,,u citi-scluare method. u'hich is bascd on thc ei-ror bctween the obsen,ccl

and ussurnc.l sets of distribLrtion .

STTJDY ITESULTS

Base year data ( i.e. 2004 ) was used to derive a set of models with their

regressioll coefficients . The final derived models can be used to predict noise

levels represented with any of the independent variables (traffic elenrents)

proposed in this study.

Traffic Noise Levels and Traffic flolv relationship

As shown in Table ( l ), 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) i" general and especially L1s dB (A). The

analysis indicated that the quadratic formula gives highest value of the

adjusted coefficient of determination (R2; witn lowest value of standard enor

value, when compared with other results.

Figure (3) shows that as flow increased L16 dB (A) noise level increased

rapidly up to 1500 veh/hr, the increased ofL16 dB(A) noise level decreased as

tl-re traffic flow increases , due to speed reduction as a results of traffic

congestion. For 4-lane multilane highu,ay the same results in the previous

paragraph were present as shown in Table (2) , and Figure(4). Figure (5)

silows the effect of the distance between traffic source and receiver location

on L16 dB(A) noise level for 6-lane multiiane highway . It was,found that L16

sound level decreased about 3dB (A) for each doubling of distance from tlre

source.

Traffic Noise Levels and Speed Relationship

The space mean speed (r,,)has an imporlant effect on traffic noise level.

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

)9
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SoLln1l of tl-re fires roiiirl.!, ()11 the road SurfaCC' At lou'er specri-s i'rcltrur 40-50

Knt/irr, the cilgine noisc'becotnes important tootBl' The itlcr'--;'t:c itl sileecl l-ras a

great effect ot1 passcl'lger car rather than heavy vehicles ' thct't at highest speed

the noise levels of tires and engine are of great important'

For 6-lane rrrultilane highwaY, as shown in Table (3), the cubic and

quadratic formulas show the best reiationships between the traffic noise level

and s1;ace mean speed. Moreover ; this table and Figure (6) show that the Lro

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)'

Lr0dB(A) noise levei decreases rapidly as average speed iucreased up to

l KnJhr,which represent the optimum space mean speed' Then as an average

speed increased the L16 dB(A) noise level increases too' These results are

presented on 4-lane multilane highway in same manner as shown in Table (4)'

Figur.e (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 goocl correlation between the noise level and the harmonic lnean

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 6-1ane and 4-lane mr-rltilar-re highways

respectively. For 6- lane fiighways Figure (8) shows that the best relationsl-rip

is the cubic ecluation . In this figure the Lro dB(A) noise levei decreases as

density increases up to (29 ve/ktrlln), which represent optimum density for

traffic noise level. Then the L10 dB(A) noise level increased as density

increased up to (69 veh/km/in), u'hichrepresents the worst density for traffic

noise level .Then Lr. dB(A) noise level decreased as density increased' l

(30-4e)
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In the same lnanncr, Figure (9) give:; tirc best cubic equation for 4-1an.'

highu,ays. In this flsure. the densities o1'(20 veh/kn"r/ln) and (66 r'eh/knl'Ln)

rcpresent the optinr,rm and worst clcnsitics 1or Lro dB(A) noisc le r ci

rcspectively.

Traffic Noise Level and Percentage of Heavy Vehicles Relationships

The correlation between the noise levels and the percentage of hear v

vehicles was tested by using statistical analysis. All percentages of hean'

vehicles were calculated when the traffic flow vary betu,een 900 to 1 100

(veh/hr) for 6-lane multiiane highway and between 750 to 1000 (veh/hr) for -1-

lane multilane highway.

As shorvn in Tables (7) and (B), the quadratic equation represent the

best correlation between the percentage of heavy vehicles and the traffic noise

level in general, and Lr6 dB (A) noise level especially, for 6-1ane and 4-lane

respectively. While Figures (10) and (11) show the best quadratic equation to

represent the effect of heavy vehicles on the Lr6 dB(A) noise level for 6-lane

and 4-lane respectively.

CONCLI]SIONS

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, L16 dB (A) is the most significant noise level amorrg

other leveis that described the relationship with traffic elements. Beside

that, it was found that the Lr6 dB (A) noise level very high (ranged between

19-85) dB (A) along selected section of study area. This leads to the fact



(-11-l'i i

-jl
Tikrit 'ltlttrnlrl tlf l'lng' St'ieL'cr:ti \'li li \"'-llSt'ptember 2007

Statistical Anail'sis of Traffic Elements

,Relationshipsof\'IultilaneHighwaysin

College of E'ngineering' University Of

, ;j::"r ,,i**"y Administration (1980) ," Fligh*ar Tratirc Noise"' ll:s''

DePartment, Environment' U'S'A'

3.Brown,A.L.,(1989),,,SomeTr.ansformatiot-tstorRoadTrafficNoise

Scales",AustralianRoadResearch'Tecturical\ote\o'i'\Iol-19'":

thrrt pranners, designcrs 11.Lr cir:cisior-r r-nakcrs inllst not neglect tralllc ttrrtsc

ler,el impact whic'r callses \".orst c'r,ironlne*rar effects on tl"ie ro,cl siClC

clevelopment for highu'avs in lraq'

2-Thesecondandthirddegrectbrn.ruiasgivethebeststatisticalrelationships

betweenthedependentvariableLlgdB(A)noiseleveiandeachtraffic

elementsasindependent,accordingtothemaximumvalueofadjusted(R,)

, minimum value of standard error (S E') ' and significarii by F-test ' for

multilane highways in Baghdad city'

i.Thecontinuingworkisneededtoimplementlraqicriteriarelatedtotraffic

noise on traffic network in lraq. considering sociar and environmental

properties,duetoimportanceofestablishmentstrategytoimpror,eacoustic

environment 'This criterion must be characterized br' fleribility and

comprehensivetobecompatibiewithtrafficconditions.rvhichhelp

planninggovernmenttoestablishstrategiesofr,ehiclesnoisepoilution

control'
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Table (1). Correlation tretween noise levels and traffic flow(q) for
6- lane multilane highways (Baghdad 2004).

Production Modcl
Ite lation

'l')'pc

Adjustcd

R2

Standard

Error S.E.

Computed

F-value

Lro:52.834+0.013*q

Lro=36.790+15.522*log q

L.lo=93.929-14795(1lq)

Lro:61.111+0.021*q -

0.00000043*q2

Lro:12.833*(q)o''o'

Linear

Log.

fnverst! .

Quadratir

power

0.696

0.575

0.501

0.763

0.646

2.002

5.716

3.313

1.618

t.991

99.416 t
72.391 t
62.tt3 t
119.013 t

8s.191 t

Lso=47 .454+0.01 I *q

Lso:33.323+1 4.008*log q

Lso:1 5.7 49 -45 1 0.923(1/q)

L5s=36.041+0.028-q -

0.00000048*q2

Lso:11.,152*(q)o tt'

Linear

Log.

Inverse

Quadratir

power

0.500

0.543

0.531

0.546

0.545

2.000

3.313

1.810

1.479

1.661

tt.44t

25.603

30.001

39.748

35.681

1

T
I

T

T

i
Les:51.443+0.015-q

Lro:J 1.773+l 3.12J-log q

Leo:1 1.202-a2 68. 660 (l /q)

Lqo:33.645+0.026-q -

0.00000046- q'?

Lqo:10.688*( q)0 "'

Linear

Log.

Inverse

Quadrati

DOWer

0.506

0.s06

0.5

0.571

0.579

2.703

1.808

2.7t0

1.399

1.353

10.031 t
11.112 t
16.600 i
4s.61s t

33.404 t

L"o:48.481*0.012*q

L"o: 37.881+14.965*log q

L.r:7 8. 66 4-4 S45.3 96(1 /q)

L"*:36.336+0.030*q -

0.00000051*q2 
-

L"q=l I.139*(q)o'"'

Linear

Log.

Inverse

Quadratir

power

0.s66

0.484

0.4s9

0.568

0.490

3.311

4.861

5.710

1.605

7.777

32.066

18.190

17.110

37.844

11.701 t

I

a
I

l

I

-1:

t Significant for 1%o confidence leyel .
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Table (2). Correlaticn between noise levels and traffic flow(q) ftrr

t
r.J.
1l

Significant fqr l"/o confidence level '

Significant for 57' confidence level '

4-la*e r'iettfqy![Sg!! ad 2004

Standard

Error S.Fr

ComPuted

F-r'alue
-,-
[.MoA"t

Itclation

TYpe

Adjusted

R'

e'I
I rnn*.." I

,lQuadratic

II oo*.,

0.818

0.882

0.683

0.921

0.892

3.610

10.103

I ..uru

il ,.0,,

l\ , *,,

32.0111 i'

44.401 i

\ a2.d''.2 i
I

1 st"l sc i
ll

11 or.tt t i

F

Lro=66.159+0.007*q

Lro=20'980*7'832*log 
q

r Lro:82. I 39-a790'06(1/q)

\ 
", 

n=Ur.or r+0.0 13 
*q-0.0000024 - q2

l^.^-

-4221 t- ,,1

3.s1s I

\ o.oo *, l

ll +.q:o i-+

t\ , ,,,

l'fi-JJ.Jt' \Y, 

-

Lso=56.838*0'009* q

Lso=1.863+9.!56*log q

I L.o=76.384-5705'74(1/ 
q)

\ t,o=rr.ror+o.o 1T 
* q-o'ooooo2 9 

* q2

ll , -.^ ^^1*I.r\0'146

Linear 
ILos 
I

lnverse

Quadratic

Power

0.806

0.119

0.575

0.836

0.796

4.333

9.309

7.715

2.301

3.337

1.116 
|

6.s12 
I

9.330

1.406

3.140

1.029

6.616

3.132

, ))Q

'1.092

lt

tt

']

I
::

1

i"o*lI Inverse

i\euuo.uti"

l\ *o*.. -

l,inear I
0.821

0.876

0.124

0.911

0.882

Lro=51.g63+0.009"q 
I

Leo=6.815*1.076*log 
q 

I

Lg o=7 2.07-9 - $ 6 a'61 (l I q)

. Lgo=44.67 7+0'021 
*q-0'0000046* q2

1""^:rr.rir.t o)*
0.778

0.137

\ o.szt
II o.sos

Il o.ruo

2.001

s.503
I

\ s.zoo

li r.+rr

l\ u ,uo

"{.022 ii
1.221 ii

i +.oot ,-.
1

1 -r.305 ii
t1

li -t.o:o tt

ffil
L"q:-13.058+8.336*log O 

I

1L"r=17.999-4896'32(1/ 
q) I

\ 
""0=rr.oor+0.013* 

-o'ooooo22*q 
2

li"..=ro.orr*(o)o''" 

-----=-

Linear

Log

i ,nu"r..
I

IQuadratic
ll po*"'

!.

i:'
':. !-

:. ,li

:.1 ,

'. i1
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Table (3). Ccrrel*tion [retween noise levels and space ulean speecl(v.)

br 6-l:rne nrultilane highways (Baghdad 2004).

Production h{adel
Adjusted

R2

Standard

Error S.E.

Computed

F-value

Lro-93.795-0.161 r',

Ln:127.112- 10.536 log v,

L.o=1 2.9 4 4 -65 4.61 4 (l I v,)

Lro=1 13.40-0. 1 1 1v,+0.007 v.2

Lro=100.8-0.445v,-0.003 (v,)2

+0.000005 (v,)r

Lrc:137.253 (r,)-o'"'

Linear

Log.

Inverse

Quadratic
Cubic

Power

0.58s

0.647

0.696

ang
q,778

0.6s4

2.292

3.307

1.993

1.223

t.276

1.515

33.41

42.t12

45.411

60.551

93.44

22.219

J
I

T

1

1

T

Lso:86.671-0.182 v,

L.o:122.112- 1 1.036 log v.

L 50=6 4.2 4 4+ 67 7 .0 I 1(l I v,)

Lso:95.39-0.464v. +0.002 r'.2

Lso:50.2+1. 77v, +0.003 (v,)2

+0.0001 (v.)l

Lso:110.253 (t.)-ot"

Linear

Log.

Inyerse

Quadratic
Cubic

power

0.543

0.s43

0.531

0.544

0.564

0.s64

1.982

1.772

4.335

2.001

1.558

3.333

33.131

30.092

35.s2

51.202

55;66

32.136

I
I

T

T

!
I

T

T

Lso=80.72-0.151 v,

Lso=l 11.892-9.963 log v.

Lgo=60.993+599. 639(1/v.)

Ler-gl.207 -0, 496v,*0.002 v"?

Lso:83. 1 13-0.8 1v,-0.003 (v.)2

+0.00003 (v.)j

Lgo=12 6i. 49 8* (u.) -o'' o

Linear

Log.

Inverse

Quadratic
Cubic

DOlYer

0.5:11

0.511

0.505

0.567

0.578

0.5r1

3.634

7.888

7.902

3.020

L.662

5.078

42.tL2

39.331

4l.32
40,411

45.61s

22.6t

I

g
!

I

t

I

L"r=72.347-0.I78 v.

L.q:124i.g26- 1 1.332 log v,

L 
"r: 

6 6.9 4 4+ 687 .47 5 (l I v,)

L"o=90. 12 -0.815v,*0.005 v.2

L.o:4 4.17 +2.39v"-0.004 (v,)2

+0.0002 (v,)3

L.o:l 42.31 3 (u.)-o'' ot

Linear

.Log.,

Inverse

Quadratic
Cubic

pqwei

0.,161

0.487

0.500

0.518

0.537

0.490

2.300
:

2.71\

2,021

1.976

1.77i

3.170

10.551
.;

L7.37 .

2l,ll2-'
21.221

38.626'

t2.2t2'

T

l

T

I

T

I

37

.

.T

t Significan!for 1%o c.onfidence level .

t
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Table(4).Correlirtiorll,oetrr'ecnl}(}iSclevelsandSpacellleansl}teig(l'.)

f Significant for 17o confidence level ' 
-'.

tt Signincant To3' 5qlo confidence {svgf :: ar::'r ::;rai

for'l-l:tttc ighw:r (Buglr4ud 2!91

Standard

Error S.E.

ComPLitctl

F-valus
Relation

Type

i:,.'ll, 
I

0.780 
I

0.791 l

0.197

0.711

1.808 I

t.1ss 
I

2.323 
I

1.200

0.975

3.201

ss.769 t
61.001 t
75.172 f

lsr.ttz t
I

I ao.ros t

3s.002 t

Lrc=87.8452-0'115 v' 
I

Lro=1 10.682-7'29{ logr'' 
I

Ln:73.252--149'383(1/v') I

Lro=88.478-0.97 v.+0.0003 v.2

I Lro=95.404-0.387v,+o'oo3 (v')'z

| *o.oooo6 (v,)3

ll,n:trt.zst--(:J-o- -

Linear

Log.

Inverse

I Quadratic
I .roi"
I

ll ,o*".
4.091

3.331

6.020

7.111

2.380

2.681

3.3re 1l

I3.128 
I3.101 
I

3.500

4.114 1l

3. 381

Lso:78.972-0.069 v, 
I

Lso=93.449-'l'561 log r'' 
I

Lso=69.853+293.553(1/r'') I

| 
".n=rr.rto-o.5ol 

v.*o'oo3 v'2 '

I L.o:83.zza-0.073v,+o.ooJ (v,)2

I *o.ooo3 (r,)'

I1 

"..=ru.ru 
tn,)-l-

Linear

Log.

Inverse

Quadratic

i .oot.

I

ll nower

0.441

0.456

0.471

0.46s

0.495

0.491

0.414

0.460

0.484

0.564

0.571

0.498

9.930

8.163

11.336

5.500
: 4.141

I f,.)iz

3.181

4.tll
3.381

4.552

5.421

4.91t

it

ii
ll

r.L
1l

Lgo=i2.960-0.053 v. 
I

Lso=8{.230-3.5{2 logr', 
I

Lso=65.880+229.527(llt'') |

Lso=87.761-0.516 I

V,+0.003*vs2

Lq.=45.360+1.486v,-0'027 (t.)'

t +0.0001 (r',)r

1 rn.=rr.rro (n,)-o 
o''

Linear

Log.

Inverse

Quadratic
Cubic

power

3.90

3.878

13.13.1

, :.q9r

3.729

i: s.lgt
''

3.s11 
II

4.22t fi 
i]

4.002 ti I

4.rr2 tt 
I

4.s47 ii I

3.911

,^;tr.rnL-0.075 v. 
I

L"c:96-679;,4.866 log v" 
I

lL.o:71.563+309.192(1/v'), J

I L."=88.956-0.314 v.*o'0ol v.-

l t"*=or.urr+5.948v,+o'01 (v')2

ll *o.ooot (v,)3

ll 
""^=ur.tn 

(n,)o 
o" 

-

ilL l
Quadratic 

ICubic I

0.643

0.619

0.578

0.689

0.699

I oo*",]lt*

:

-l

-

r it'

t;
d:
1".

{r ..:

t.1 :

:t :,
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6-lane multilane highrvavs (B

39

rt

t

f Significant for 1-olo confidence level . :

tt Significant for 57o confidence level .

Talrle (5). Correlation between noise levels and density(k] lbr
ne multtlane Ir wa aghdad 2004).

Rclation

Type

Adjusted

R2

Computed

F-value

L1s:66.185+0.142 k

L1s=56.933+5.197 log k

L 1 6:8 4.2 4 4-159.9 1 5( I /k)

Lrc:7 6.416-0.018 k+0.0018( k2

L10:87.427 -1 034 k+0.026 (k)'?

+0.0003 (k)3

L1s:60.685 (k1o'ooz

Linear

Log.

Inverse

Quadratic

Cubic

power

0.691

0.638

0.575

0.763

0.777

0.646

6.551

6.501

11.311

4.3..:{!1

ls--q:q6

3.201

70.881

85.661

100.991

101.280

129.096

60.608

I

I

I

I

I

L5s=69.736+0.145 k

L 5s:5 4.6 42+ 5.7 27 .log k

L56:80.764- I 92.27 9 (l /k)

Lso=67.339+0.264 k-0.00 1 (k)'?

Lso=1 2.87 l-0. I 67 k+0.009 (kF

+0.00007 (k)3

L56:57.187 (k;-o'tzz

Linear

Log.

lnverse

Quadratic

Cubic

power

0.512

0.5r7

0.478

0.525

0.632

0.518

3.221

7.700

9.68r

1.998

1.2s0

7.254

4s.800 t
ss.200 t
s0.30s' i
66.760 t
78.368 t

33.050 f
Les:65.792+0.130 k

Lss=52.443+5.0931og k

Lss:7 5.6 41 - | 69.7 42 (t tk)

Le6:65. I 54+0.162 k-0.0003(k)2

Lso:60.696+0.354 *k-0.004 (k)2

+0.00003 (k)3

Le6:50.571 (k;-o'ozz

Linear

Log.

lnverse

Quadratic

Cubic

power

0.551

0.521

0.512

0.553

0.560

0.511

s.00

5.00s

4.552

3.7LL

3.070

3.812

25.781

30.991

33.602

45.541

54.99i7

51.390

!

T

I

I

I

T

L"o:72568+0.I46 k

L"q:58.026+5.596 log k

L"o=83.346- I 80:275(1/k)

L 
"o:7 

2. 42 5+0. t Sl t+0. OOO t 1f;'?

L"q:85.5 13-0.868k+0.0024 (k)2

+0.0001 (k)3

L"o:60.289 (k1o'ozz

Linear

Log.

Inverse

Quadratic

Cubic

power

0.47s

0.447

0.380

0.453

0:512

0.450

4.330

2.801

2.951

3.000

2.351-

3.710

5.707 ii
,1.001 ii
3.707

31.619 i
46.922 i

11.339 t

a

i.\
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Tatlte(6).Correlationbetweennoiselevelsanddensity(k}

@dencerever.
i1 

- -significanttfor 
5olo confidence level '

(-10-1"

,1( |

:l

:!

ii

t
I
:{

..

,':'

;;-

'(;
:l*

l:l .

;,

:+.

ii

'ii 
'r;)

ir9

ji :,'

r:i i
'ty

ri. :

,:

i.g.

A+(*.;':ll ;j,
:it. -
,q:ti, -

5

:h
;tL
i"{l

,:!

fiA

Hj-
* {'l

for 4-lane multilane ltiglw I Baehdad 20A4

Relation

T.vPe

Adjustcd

k'
Standard l

Error S.B.

Computed

F-value

1.002

1.500

1.330

3.302

0.594

2.059

. :t,.

s.9e0 tt
7.002 t
3s.661 t
22.63s.1

s1.842 t

18.186 t

Lro=65.520+0.166*k

L r r= 5 5 -'7 4 6+ 4.97 2* logk

Lro=82.507-141.371 (1/k)

1 L1 s=7 1.509-0'0443*k 0'004*k2

I L, n=84.465-1.21 8*k+o'044*k2

1 -o.oot3*(k)3

,1 l,o:es.szs*(D*

Linear

Log.

Inverse

Quadratic

l.,rot"
I

loo*.,

0.102

0.117

a.7$
0.718

I o.tzt
I

I

lo.zte

0.538

0.502

0.453

0.589

lo.rrt
I

I

,l o.soz

1.882

1.800

t.879

2.009
L

lo.8se

I

lz.ooo

llil;tl
3.ee3 

I

5.608 +i

6.918 -it

I +. oo: tt

lrr=lt.l[$*0.092*k 
I

t-16=(i.(QJ+2.630*logk 
I

Lso:76.977-71.033(1/k) 
I

L so='7 0 -237 -0.2 13 * k+ 0'0 1 0* kl

Lso:7 5.057-0'039* k+0'032' k2

! -o.ooos*1t;'

I L.^=ee.os3*(k)o'0" .

Linear I

Los. 
I

Inverse 
I

Quadratic I

Cubic

power

0.600

0,601

0.594

[0.601

lo.ut,
I

I

llo.oos

3.330 
:

2.100 :,

2.000 '

t2.909
I

lo.wr
I

I

ll t.tot

5.524

6.260

3. 133

1.890

I r.oos

I

I

I s.zzo

I

::l"l
I

ll
'i

ll

Lso=65.840-0.198*k 
I

Lqo:61.998+2.224*logk 
I

Lgo:71.715-62J43(llk) I

L g o=66.92 6'+0.097 
* k-0'0003 * k2

, Lqo=66.926+0.097* k-0'0003 *(k)2

i -o.rrz.1rrY

I Lsn=62.384.(k)o'l'

Linear

Log.

.,Inverse

iQuadratic
l"uot.
I

I

Ioo*".

l"o=lJ.{$!+0.098*k 
I

["r=$$.$J$+2.846*log k 
I

L"q=79.1 81-78. I 80(1ik)

L"q=60.502-0.030*k + 0'002* k2

I L"o=s5.502-1.233*k +0.07*(k)2

I -o.ooo8*(k)'

I 1".=ez.sgz*(t )* ffil 
'Hh

5.992 ti
8.811 i
111)

'7.7t4 t
I

I e.elo i
l

I

I

I 6.113 tt



Table (7). Correlation between noise levels and percentage cf heavy
vehicle (Flv) for 6-l:rne multilane highrv:r)'s (B:rghdad 2004).

Production Model
.Relation

ine ll r:*
Standard

Error S.E.

Computed

F-value

Lr (j:70.003+0.295*I{V

Lr 0:67. 1 0,{+2.7 27 *log IIY
L 1 6:75.043- 14.7 25(l/HV )

L rc:1 3. 409 -0. 03 0 * HV+ A.022* HV 2

L 1s=7 2.621-0.027* HV-0.002 * (HV )2

-0.0006 *(Hv )'
L rc= 67 .20 I * (HV ol,) -o'orl

Linear

Log.

Inyerse

Quadratic
Cubic

polYer

0.551

0.392

0.207

0.6.5i

0i553

0.398

7.003

18.330

2t.210

0.547

0.614

0.991

7.977 t
4.414 ti
3.001

42.s96 f
t8.6t2 t

4.333 tt
Lso:59. 73 6+ 0.1 45* HV oh

Lso:44.642+5.7 27 * iog HY "/o

Lso:1 0.7 6 4-192.27 I (l IHV %J .

L so47 .66+0. g5 I * Hvolo+o.0 1 7*Hv2
Lso:62.66+8. 127*HV+o.01 1 *(HV 

)2

-0.022* (HV )'
L5o-47.197*(HV )ofiu

Linear

Log.

Inverse''

Quadratic

:

polver

0.512

0.517

0.478

0.53s

0.532

0.518

2.080

1.880

1.989

1.762

1.919

2.000

lt.t27
25.211

2t.ttl
34.201

30.152

28.34L

i
I

I

f
J
I

I

Les=57.625+0.258*HV

Lss=62.393 -1 4. 53 1 (1/HV )
Lgo=6A.7 36+1.1g2* HV +0.027 * HV 2

Lgo:67 .23 6+0.067*HV-0.009* (HV)2

-0.001*(HV )3

Lgo=S 1.7 67 "( HV ;-o'ote

Linear

Inverse

Quadratic
:

Cubic

.polYer

0.501

0.4t6

0.424

0.526

0.522

0.421

3.330

4.662

12.24

1.245

1.980

3.310

17.180

13,1,70

18, 340

36.640

31.770

29.290

I

J
I

t
I
I

t

r
I

L"r:64.387+0.308*HV

L"o=60.902+3.028*log HV
L"r=70.A97-17.570(1/HV) . :

L.q:65.69+0.037*HV +0.040* HV 2

L"o:67.069+1:79*HV.0.090"(HV )z
+0.0017* (HV ),

L"o=61.074"(HV )o'0"

Linear

Inverse

Quadratic
Cubic

po\Yer

0.531

0.439

0.37s

0.561

0.504

0.499

2:404

6.194

17.370

2;330

1,5L4

2.099

21.210 t

16.170 - f
2e.oss 

-t

19.250 'f

11.190 t

(1r-{e)

t Significant.f,or 17o confidence level .

tt Significant for 5"/" confidence level .

'l'i tirit .ir i ir rrr:iI ol' Fing. scienccsA'o1. 1 -llNo j/Sc ptcnr bcr l{}{r 7 41
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Table (8). Correlation betlveen noise levels and percentage of heav-v

c^ -- ,t r.-..^ *.,I*ilqno hiohuravs (Rashdad 2004)-

' t Significanlfor loh confidence level '

tt SighificziIffor 5:92'o: confidencslevel"

{Jl-.r*}
f:

veh le (HV) for 4-lane multilane highwa hdad 2

Computed

F-value
Rel:rtion

Type

Adjusted

2.602

3.006

tL.221

0.627

0.991

z.gLl

21.123

18.181

3.187

126.{81
l2-1.61{
I

I

I ru.rs-

T

L
I

L,o=71.705+0.689*Hv 
I

Lro:70.346+4. 198'log H V

L rc=1 4.932 -13.986(1/HV )

L, o:7 2.gg 5*0.0 1 1 
*HV +0.008 * HV2

I 
Lro=78.619-0.096* HV +0'002 *1H\')'

I -o.ooz.(Hv )'

| 1,n:75.444*(HV )0"'

Linear 
ILog. 
]

Inverse

Quadratit
Cubic

power

0.599

0.534

0.374

0.614

0.602

0.547

Lso=66,.242+0'195*HV

Lso=63.989+1.917*log HV

Lso:69.991-14.097(1/HV )

L so=67 .452.0.29 4* HY +0. 00 1 
* HV2

L so=67 .452=0.294*HV +0'054* (HV)'?

-0.001* (HV )'
L.n=67.093*(HV )o'0"

Linear

Log.

Inverse

Quadrat
1.,,0,"l,
I

I oo*".

l(

0.510

0.530

0.483

0.562

0.558

0.536

2.000

1.898

2.330

1.302

3.300
,

2.939

4.1e1 it
s.s9s fi
2.6L2

6.722 tt
s.761 tt

-1.:lo ri

Lgo:63.569*.447*HY 
I

Lgo=59.4111.751*log HV 
I

Lso=64.905- 12.97 7 (l tHY )

Lqo=60.329+ l'44:1 *HV 
=0'056*HV2 -

Lso=63.3 1 9- 0.7 24*HV +0' 1 1 3 * (HV )'z

_o.og3*1HV )J

Lro=59.51*(HV)Y

Linear I

Los. I

I

Inverse 
1

Quadratir
Cubic

DOWer

0.377

0.200

0.487

0.5t1

0.500,

0.340

L2.09

1s.033

9.110

1.0r2

1.998

6.t6 .1.100 'i i

4.6sr i'i I

1.66e I

4.2t4 il I

9.926 i
6.619 ii

t 
"o=l$.2,Jl+0.499*HV

L"o=66.99*1.892*log HV

L"q:68.78511.211*HV -0'04I *HV 2

I 
L"r=69.044-.158*HV +0'04*(HV )2

| -o.oooa*6tv )'

I ,",=utrr**1HV )o''o'

Linear 
I

Los. . I

Inverse,'

Qriadratit
Cubic

power -

0.2L1

0.331,

0.393_:

. 0.s88'

0.528

9.494

_.

14.229

1.',l16

9.91-9

3.023

6.552

2.342

2.999

3.119

3.691

6.695

5.919

4.886

.'
Jf-ll
ti

ti'
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Figure (1) . Sound level meter frpe2235.

Figure(2). A typical cumulative percentage of noise level on

6-lane mrltilane highways (Baghdad 2004).
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Lro: 61.111 +( 0-021) *q - 0.0000043 " q'
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Figure (3). Relationship between traffic flow and Lrg dB(A) noise level

for 6-lane multilane highways (Baghdad 2004)' '
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Figure (5) . The effect of the distance between traffic source and
receiver location on L16 dB(A) noise level for 6-lane

Figure (6). Relationlhip betrveen space mean speed and L16 dB(A)
noise level for 6-lane multilane highways (Baghdad 2004).

+:\

I

82

80

78

76

^743
En
o
5ro

68

66

64

62

--.-',l.0 m

e 5.0m
-+- 10.0 m

+ 15.0 m

multilane highways (Baghdad 2004).

L1s = 113.406 -1.11*v" + 0.0075 * v"2 ,0"2

g
co
E
O
:

g0

88

86

84

82'
80

78
45, 50 55 60- 65

Space mean speed

70 75 80

vs, (km/hfl

Pt2= 0.779

Oo
oo

OOl oc\'-l D o :
L!

o too

Oo

l

I

I-l
l

1660 1800

FIow, q (veh/hr)

2200



'l'ili r-i1 Iournal of I'lng' Sciclrr:ts'/\-ol' 1 4/No'-1/Scpteni ller 2007 i -iir--19 I

-16

,)

Ftg"* (7)t B"l"tionship between space mean speed and Lro dB(A)

noise level for 4-lane muttitane highways (Baghdad 2004)'
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Figure (9). Relationship between traffic densify and L16 dB(A) noise
level for 4-lane multilane highways (Baghdad 2004).
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Figure (11). Relationship between percentage of healy vehicle and
L10 dB (A) noise ,.61#"ffi1b:ultilarre highways
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