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Metric Conversions

All of the sourcedata usedin thls study, obtained fromfederal government

agencies,wereavailable only in English units. To permit thisstudyto be directly keyed

to thesesourcedata, calculationswere performedin Englishunits. Final resultshave

been convertedto metric, andare presentedin both metric and Englishunffs. The

followlng conversionfactorsmay be usedto convert sourcedata and intermediota cal-

culations from Englishto metricunits:

] foot = 0.305 meters(m)

1 mile = 1.609 kilometers (kin)

I squaremile = 2.589 squarekm



1.0 iNTRODUCTION

Highway noisecan be controlledby reducingvehicle noise levels, by altering

highway useand/or design, or by providing protection to exposedareas. Thesethree

methodsare listed above in decreasingorder of generality, i.e., reduced vehicle levels

provide a nationwide benefit, modlfylng highway designor usebenefits a particular

highway element or corridor, while protection to exposedareas benefits only specific

receivers. Potential nationwide benefits from vehicle no_sereductions have beeneval-

uated m a numberof stud'es, for example Reference1. Thesestudiesprovide supporting

information for national vehicle noisestandard_which are the responsibility of the

United States Environmental ProtectionAgency.z

Part of the responsibility for abating highway noise lies with the FederalHighway

Administration (FHWA) throughits noisepolicy for federally fundedprojects.3 Federal-

aid systemsconsistof over 850,000 miles (1,370,000 kilometers), 22 percent of the

nation's total hlghwaymileage, and handle approximately three-quarters of all h_ghway

travel in the country4 Although a variety of abatementmeasuresare available, the

majority of highway noiseabatement effected by FHWA hasbeen achieved with barriers.

Barrier design procedureshave been widely circulated by I:HWA5 and federal funding

is available forapprovedprojects. Barriersare currently being constructednear noise-

sensXtiveareasalongfederally fundedhighwayprojects.

The intent of a barrier is to providenoiseabatementin a parHcular areawhich

wouldotherwisereceive excessivelyhighnoise levels. Barriersare thus inherently

local solutlans, and are the primary noise control method used by FHWA. Thepur-

pose of the presentstudyis to examine barriers to determine whetherthey can provTde

a feasible methodfor abating traffic noiseon a notional scale. Thisstudyestimatesthe

numberof peopleexposedto noisefrom federal-ald highwaysfrom 1974 through2000,

andthe reductionof this exposureforseveralalternativesof barrier constructionona

naHonalscale in 1974and2000. Calculationsare llmTtedto federal-old highways

becausetheseare the onesfor which fundingis generallyavailable.



2.0 TP-AFFICON FEDERALLYFUNDED HIGHWAYS

Thefederal-aid highwaysystemconsistsof the following three systemsof roads:6

• Primary System-- Rural routes and their urban extensionswhich are classified

as orterials. This includes the interstate System.

• SecondarySystem-- Rural routes which are classified as major collectors

such as farm-to-market roads,

• Urban System-- All arterial and collector routes in urbanareas (placesof

5,000 or more population) which are not in the primary systems.

Thehighest traffic densities, hence the greatest potential for noiseproblems, are asso-

ciated with the primary system. Thepresent study therefore considersonly the primary

system.

Becauseof the difference in character between interstate andnon-lnterstate

highways, and the populatlon density difference between rural andurban areas, the

primary systemhas been divided into four ports for the purposesof thisstudy:

a Urban interstate

= Urban prlmary_exoludlng interstate

• Rural interstate

• Ruralprimary, excluding interstate

Table 1 show=the traffi¢ volumein 1974_in termsof averagedaily traffic (ADT). Data

for ADT up to 40,000 are from Reference7; distributions above this value are extrapolated

within the constraint that total roadand vehiole mileage ore consistentwlth values given

in Reference7. Table2 givesroadway configuratlon_speed, and the percentageof

medium.,and heavy-duty trucksforeach type of road. Truckpercentagesare fromRef-

erence8; other data in Table 2 are assumedvalues typical of each typeof road, Speeds

in Table 2 are consistentwlth data in Reference9.

Traffic volumeson thesefour systemshave beenpredicted far future yearsthrough

2000. The projectionsare basedona growthfactor for total traffic volumeand a growth

factor for road mileage for eachsystem. The tabulotec_distributionsshownin Table I



Table 1

Traffic on Federal-Aid Highways in 19747

Average Daily Miles of Road
Traffic (ADT) Urban Urban Rural Rural
(Thousands) Interstate Primary* Interstate Primary*

0.4 38 242 83 8,610

0.4-1 2 223 4.40 32,259

1-2 23 858 1,756 50,386

2-3 31 1,267 2,511 33,911

3.-4 82 1,573 2,788 21,064

4-5 137 1,520 3,075 12,895

5-10 902 7,556 11,077 21,115

10-15 1,076 5,391 6,364 4,373

15-20 1,093 3,424 2,834 1,318

20-30 1,742 3,253 2,059 705

30"40 1,129 1,109 472 122

40"60 1,100 660 204 48

60"80 840 450 ---

80-100 600 335 ---

100-120 125 ......

120-150 70 ---

Total
Mileage 8,990 27,861 33,671 186,806

* ExcludingInterstate

3



Table2

RoadandTraffic Parameters

Urban Urban Rural Rural

Interstate Primary Interstate Prlmary

Speed {mph/kph) 55/88.5 35/56.3 55/88.5 55/88.5

Percent Trucks8 8.7 3.4- 15.6 8.2

Number of Lanes 8 4 3 2

Median Width 0 0 50/15 0
(feet/meters)*

* Median strlp wldth$estlmatedhere ere the minlmumwhlch would
normallybe foundon each typehighway.

4

I I II



are first increasedaccordingto road mileagegrowth, thenshifted upwardsoas to satisfy

the traffic volume growth. Growth factorsusedare basedon the followlng:

• Total traffic (vehicle miles) increasesat a rate of 2.3 percentper year.

Thisis a compositevalue betweenestimatedannualgrowthsof 2.4 percent
10

for trucks and2.0 percentfor automobiles!1 The compositevalue is a

weightedaverage basedon the relative contributionsof thesetwo vehicle

typesto highway noise.12

• Volume (ADT) onrural interstatesincreasesat a rate of 3.8 percentper year,

while road mileage remainsapproximatelyfixed. This is basedon data in

Table I-1 of Reference 10.

• Total volume and roadmileage of rural primaries increaseat approximately

0.5 percent per year. Thisis basedan the "full needs"casein Table I-I

of Reference10.

• Mileage of urbanprimary readsis assumedto increase at a rate of 1 percent

per year, the rate of growth of the populatlon. Thls is consistentwlth the

growthprojectionsin Reference13.

• Urbaninterstatemileage is fixed at approximately9,000 miles(14,480 km).

• Traffic mix remainsthe sameasgiven in Table2.

Table 3 showsthe projected traffic for the year 2000.

5



Table 3

ProjectedTraffic on Federal-Aid Highwaysin 2000

Miles of Road
Average Daily
Traffic (ADT) Urban Urban Rural Rural
('lllousands) Interstate Primary* Interstate Primary*

<0.4 7 224 81 9,802

0.4-1 6 241 47 86,726

1-2 14 614 284 59,639

2-3 12 869 421 38,606

3-4 17 1,172 665 23,981

4-5 24 1,398 665 14,680

5-10 290 7,035 4,894 241039

10-15 494 6,588 5,177 4,978

15-20 528 4,986 4,196 1,500

20-30 1,164 6,033 7,106 803

30-40 1,138 3,009 4,714 139

40-60 1,827 2,160 3,267 55

60-80 1,102 611 1,574

80-1O0 1,167 333 358

100-120 591 374 1O0

120-150 545 308

150-200 173

200-300 67

Total
Mileage 9,166 35,955 33,499 214,948

* ExcludlngInter_tate

6



3.0 NOISE EXPOSUREFROM FEDERAL-AID HIGHWAYS

The noise exposureto noise levels above Ldn = 60, 65, 70, and 75 dB from the
federal-aid primary systemhas been computed.* The computation wasperformedon the

fol lowing basis:

• Distancesto Ldn = 60, 65, 70, and 7.5dB contourswere computedfor each
ADT range using the methodof Reference14. Thismodel includes lane-by-

lane detail which is important for barrier calculation.

• Vehicle noise levels usedare given in Table 4, and are basedon roadside

noise data in Reference15 far automobiles, and Reference16 for trucks.

• The distance to each contour, lessan assumed50-foot (15-meter) setback

distance, was multiplied by the numberof miles of rood carrying each ADT,

then by 2, to obtain area exposed on both sidesof the road. It is assumed

that noise exposureat a given point is from one road only.

• The numberof people exposedwasthen obtained by multiplying the area

by 4,500 people per squaremile (1,737 per square kin) in urbanareas (this

is the medianvalue of density in TableA-1 of ReferenceIB) and 56 people

per squaremile (22 per squarekrn) in rural areas (total U.S. population

divided by total U,S. area).

Table 5 summarizesthe calculated exposurefor 1974"* for the fourroad types.

Table 6 showsthe exposurein 2000 for the foursystems. Figure1 showsexposure

to Ldn _. 60_ 65, 70t and 75 dBasa function of time for the urbaninterstatesystem.

* PreviousEPAstudieshave identified levels above Ldn = 55 dBassignificant when
consideringpublic health andwelfare.17 Calculations in the presentstudyare pre-
sentedonly for Ldn _: 60 dBbecausehighwaybarriersare usuallypractical for
alleviating only higher noiselevels.

*e The mostrecentyear for which trafflo and highway statisticswereavailable at the
time of thls calculation.



Table 4

Vehicle Nolse Levels
(Energy-AverageMaximumPass-ByLevels

at 50 Feet (15 meters))

Energy-AverageMaximumPass-ByLevel
at 50 Feet (15 meters)

Vehicle Type 35 mph (56.3 kph) 55 mph(88.5 kph)

Automobiles15 65.1 dB 71,4 dB

Trucks16 83.6 dB 87,5 dB



Table S

Area* andPeople** (Millions) Exposedto Noise
Greater ThanVariousLdnValues From

Federally FundedHighwaysin 1974

LdnExceeded

60 d8 65 dB 70d8 75 dB

RoadSystem Area People Area People Area People Area People

Urban Interstate 3,033 13.6 1,216 5.5 337 1.5 79 0.36
(8,990 miles) (7,852) (3,148) (872) (205)

Urban Primary*** 1,590 7.2 431 1.94 54 0.24 1 0.005
(27,861 miles) (4,117) (1,116) (140) (2.6)

Rural Interstate 5,130 0.29 2,238 0.13 565 0.032 51 0.003
(33,671 miles) (13,282) (5,794) (1,463) (132)

Rural Primary*** 8,871 0.50 2,255 0.13 364 0.020 14 0.001
(186,806 miles) (22,964) (5,838) (942) (36)

* Squaremiles (squarekilometers).

** People impa¢_,edbasedon 4,.500 people/ml2 (1,738 per km2) in urbanareas, and
56 peeple/miL (22 per kmz) m rural areas.

,t** Excluding interstate.

9



Table 6

Area* andPeople** (Mi/llons) Exposedto Noise
Greater ThanVarious LdnValuesFrom

FederallyFundedHighwaysin 2000

LdnExceeded

60 dB 65 dB 70 dB 75 dB

RoadSystem Area People Area People Area People Area People

UrbanInterstate 4,682 21.1 1,964 8.8 696 3.1 197 0.87
(9,166 miles) (12,122) (5,085) (1,802) (510)

Urban Primary*"* 2,814 12.7 809 3.6 136 0.61 12 0.05
(35,955 miles) (7,285) (2,095) (352) (31)

RuralInterstate 13,154 0.74 5,724 0.32 1,954 0.11 488 0.03
(33,499 miles) (34,056) (14,819) (5,059) (1,263)

RuralPrimary*** 10,174 0.57 2,487 0.14 418 0.023 16 0.001
(214,948 miles) (26,340) (6,439) (1,082) (41)

* Squaremiles (squarekilometers).

** Peoplelmpacted basedon4,500 people/ml2 (1,738 perkm2) in urbanareas, and
56 people/mr2 (22 per km2) in rural areas.

**_' Excludinginterstate.

10
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Figure1. Numbersof PeopleExposedto No|=e fromUrbanInterstotos_1974-2000.

11



4.0 BARRIERSON URBAN INTERSTATEHIGHWAYS

The noise abatement potential of" barriers hasbeen evaluated by calculating

reduced exposurefor several scenarios. The calculations are limited to urbaninterstates.

Rural highwaysare not included because their total exposure is small comparedto urban.

Urban primary roadsare not included because barriers are rarely practical on themdue

to cross-streets, need for accesst etc.

Tables 7 and 8 showthe distribution of no_seexposure in 1974 and 2000for no

barriers and for 10-foot (3-meter), 15-f_t (4.5-meter), and 20-foot (6-meter) high

barriers* Barriershigher than 20 feet (6 meters)would give little or no additional benefit.

Shownfor each ADT rangeare the d_stanaesto the ldn = 60, 65, 70, and 75 dB contours
with no barriers, and the areasexposed for na barriers and for the 3 height barriers. The

barrler calculations were performedusing the methodof Reference 19s and include the

following assumptions:

• Level terrain. Shielding by existing buildings is not accounted for.

• All receivers are at first-story level, i.e., high-rise residencesore not
accountedfor.

• Barriersare vertical wallsparallel to the road, wffh soundtransmlsslon
throughthe wall negligible.

• Barrierslocated 25 feet (7..5 meters)to each side of the road.

Fourborrler-usescenarioshave been considered,each wlth the goal of eliminating

(wherefeasible) exposureto Ldnabovea given value. Theseare:

A. Eliminate exposureabovekdn = 75 dB. This requiresconstructionof 15-foot
(4.5-rneter) borderswhereADT > 100K, and 10-foot (3..meter)barrierswhere

30K < ADT < 10OK.

B. Ellrninateexposureabove /dn= 70 dB. Thisrequires20-foot (6-meter)barriers
whereADT > 80K, 15-foot (4.S-meter) barriers where 30K < ADT< 80K, and

10-foot (3-meter) borders where 10K< ADT < 30K.

• Only thesethree heightswere consideredin the caloulatlens and In the ensuingdiscus-
slon. Equivalent reductionto exposurecould be achieved in somecaseswith lowerbarrlers_
e.g., 4.5-meter barriersare assumedhere in places wherebarriers taller than 3 metersBut
lessthan4.5 m'_terswould sufflce.

12



Table 7

Distribution of Areas Exposed to Noise From Urban Interstates in 1974
For Several Barrier Heights

Averaga Distance(Feet)FromCenter of ExposedArea, SquoroMiles
Do|ty Outer Laneto Ld_Contour,
Traffic Mffes No _arHer No _rrler 10 ft (3m)Barrler 15 I't (4._n) _arrier 20 ft (6m) Barrier

(ADT) of Road 60 65 70 75 60 65 J70 75 60 65 70 75 60 65 70 75 60 65 70 75

_:400 38 0 O 0 O 0 0 0 0 0 0 0 0 0 0 0 0

400-1;< 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1-2K 23 84 0.3 O 0 O 0 0 0 0 0 0 0 0 0 O 0 0

2-3K 31 138 1 0 O 0 O 0 : 0 O O 0 0 O 0 0 0 0,BO ------,, O.O0 o o0 0 0 0oo oO0 o
4-5K 137 219 80 --- ---J 8.8 1,6 O 0 5.1 0 0 O 0 0 0 O 0 0 0 0

5-1OK J 902 310 135 B8 29 0 O 71.3 0 O 0 0 0 0 0 0 0 0 0

L

I0-15K J 1,076 450 195 72 --- 163 59 8 0 150 28 0 0 14.6 0 0 0 0 0 0 0

15-20K 1,093 6CO 245 93 --- 227 80 17 0 227 53 O 0 33 0 0 0 14 0 O 0

20-30K 1,742 800 325 125 50 494 181 49 0 494 141 0 0 92 3 0 0 92 0 0 0

30..40K Is129 Ij050 430 172 6B 427 162 52 7 427 148 18 0 94 12 0 0 67 0 0 0

40-60K 11100 1,350 590 230 94 541 225 75 18 541 223 41 0 137 32 O 0 108 13 0 0

60-BOK 840 1,650 740 300 120 509 219 79 22 509 219 62 O 141 38 0 O 120 21 0 0

80-100K 600 Is800 880 350 J150 397 188 68 22 397 18B 54 0 113 37 1.8 0 99 24 O O
100°120K 125 2,300 1,000 420 J185 106 44 17 6 106 44 I5 2.5 32 9 1.3 0 27 5 0 O

120.-150K 70 2,6_ 1,100 520 220 67 27 12 4 12 27 26 I0 20 6 1.5 0 18 4.7 0.4 O



Table 8

DistribuHonof Areas Exposedto No;se FromUrban Interstates in 2000
For Several Barr;er He;ghts

Distance(Feet) FromCenterof ExposedArea, SquareM_les
Average Ouler Lane to LdnContourS

Dally No B_rrler No Barrier 10 ft (Bin) Barrier 15 ft (4.5m) Barrier 20 ft (6m) Borr_erTraffic M_las
(ADT} of Rood 60 65 70 75 60 65 70 75 60 65 70 75 60 65 70 75 60 65 70 75

<400 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

400-1K 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1-2K 14 84 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2-3K 12 _3B --- 0.4 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0

3-.4K 17 180 70 0.8 0.1 0 0 0.5 0 0 0 0 O 0 0 0 0 0 0

4-5K 24 219 80 ..... 1.5 0.3 0 0 0.9 0 0 0 0 0 0 0 0 0 O 0

5-10K 290 310 135 28.5 9.3 0 0 23 0 0 0 0 0 0 0 0 0 0 0

10°_5K 494 450 195 72 u. 74 27 4.1 0 69 12.9 0 0 6.7 0 0 0 0 0 0 0

15-201< 828 600 245 93 --- II0 39 8.6 0 110 25.7 0 0 16 O 0 0 6.8 0 O 0

20o00K 1,164 800 325 125 50 330 121 33 0 330 94 0 0 61 2.5 0 0 61 0 0 0

30--40K 1,120 1,050 430 172 68 431 163 52 7 431 150 18 O 94 12 0 0 60 0 0 0

40"60;< I s827 11350 590 230 94 599 373 124 B0 899 370 60 0 227 53 0 0 179 22 0 0

60-80K Isi02 1,650 740 300 120 667 287 104 29 667 287 82 0 184 49 0 0 157 14 0 0

50-100K ; Is167 1,800 850 350 150 773 336 132 44 773 366 106 0 220 73 3.5 0 193 46 0 0

I00-120K 591 2s300 1,000 420 185 503 212 82 30 503 212 70 11 151 42 6.3 0 127 23 0 0

120-150K 545 2,600 1,100 520 220 526 216 ?7 35 526 216 21 20 157 4B 11.4 0 145 36 2.9 0

150-200K 173 3,500 1,600 660 280 226 101 39 15 226 101 39 11 65 62 6.6 0 65 22 3.6 0

200-300K 67 41500 2,000 840 360 112 49 20 7 112 49 20 6 29 26 3.9 0 29 13 3.4 0



C. Eliminate exposureaboveLdn = 65 dB. This requires20-foot (6-meter)
barrierswhere ADT >20K_ /5-foot (4.5.-meter) barriers where ]0K < ADT< 20Kt

and 10-foot (3-rneter)barriers where3K < ADT < 10K.

D. Eliminate exposureabove Ldn = 60 dB. Th_srequires20-loaf (6-meter) barriers
where ADT > 10K_ 15-foot (4...5-meter)barriers where 3K <:ADT < ¿0K, and

10-foot (3-meter) barrierswhere 1K< ADT ._3K.

Tables9 and 10 showthe distance requlred of each height barrier (in milesand

kilameters)s and the exposureforeach seenario_in 1974and 2000. Note that the goal

of each scenario is notnecessarilyachieved becauseof the limit of effectivenessoFbarriers

limlted to a practical height of nomore than 20 t'eet (6 reelers).

Figure2 showsthe 1974exposuredata fromTable 9 in graphical form. Thefirst

application of barriers (ScenarioA) has its greatesteffect at high noise levels. The

other scenarios, with mareextensivebarriers, tendto shift the distribution downwardt

with a residual tall at high levels which cannot be eliminated with barriers.

13oaausebarriers pravldo larger noise reductionat close Iocatlanswhere noise

levels are hlghest_ the benefit of barrier application is first seenat highernoise ievels_

but the boneflt at htgh levelsdoesnot increasewith greater application of barriers. All

four scenariOShave the samereductionto population exposureabove Ldn = 75 dS. A
more modostscenarioof eliminating half the expa+ureabove 7.5dB in 1974 (half thegoal

of ScenarloA) wouldrequire 2,163 miles (3,476 kilometers) of barrler_ about one-quarter

that required far ScenarioA.

15



Table 9

Noise ExposureFromUrbanInterstatesin ]974
For SeveralBarrier Scenarios

Miles (Kilometers) of People Exposedto Greater Ldn
Barriers (Millions)Scenario

10ff (3m) 15ft_.Sn_20ff (6m) 60d8 65 d8 70dB 75dB

Baseline -- No Barrier 0 0 0 13.6 5.5 1.5 0.36

A -- El[mlnate ExposureAbove 7,338 390 O 13.1 5.1 1.1 0
Ldn = 75 dB (11,792) (627)

B -- Eliminate ExposureAbove 7,822 6,138 1,590 6.7 1.7 0.002* 0
Ldn = 70dB (12,570) (9,864) (2,555)

C -- Eliminate ExposureAbove 2,242 4,338 11,212 3.0 0.31" 0.002 0
Ldn = 65dB (3,603) (6,971) (18,018)

D -- EliminateExposureAbove 108 2,242 15,550 2.5* 0.31 0.002 0
Ldn = 60dB (174) (3,603) (24,989)

* Not feasible to eliminate completelyexposurewith barriers.
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Table 10

Nolse ExposureFromUrban Interstates in 2000
For Several Barrier Scenarios

Miles (Kilometers) of People Exposedto Greater Ldn
Scenario Barriers (Millions)

10ff(3m) 15ff(4.5m) 20ff(6m) 60dB 65dB 70dB 75d8

Baseline-- No Barriers 0 0 0 21.1 8.8 3.1 0.87

A -- Elimlnate ExposureAbove 10,468 2,752 0 16.7 7.0 1.6 0
kdn = 75 d8 (15,822) (4,422)

B -- EllminateExposureAbove 4,372 8,134 5,086 7.2 1.8 0.045* 0
Ldn = 70dB (7,026) (13,071) (8,173)

C -- Eliminate ExposureAbove 662 2,044 15,548 4.8 0.79* 0.045 0
Ldn = 65 dB (1,064) (3,285) (24,986)

D -- Eliminate ExposureAbove 52 662 17,592 4.6* 0.79 0.045 0
Ldn = 60 dB (84) (1,064) (28,270)

* Not feasible to eliminate completelyexposurewith barriers.

17
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SCENARIO (See Table9)

Basellne
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Flgum2. Changesin Nolse ExposureFromUrban Interstatesin 1974for
FourBarrierScenarios.
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5.0 CONCLUSIONS

Calculations have been performedof the numbersof peopleexposedto noise

from the federal-aid highwaysystem. It wasfoundthat the majority of exposureto

high noise levels(Ldn :> 75 dB) is due to traffic on urbaninterstates.

Thepotential effectiveness of barrier construction toward reducing nolse

exposurefrom federal-ald highwayswasevaluatedby consideringwide. scale construc-

tion of barrlers along urban interstate highways. Four scenarioseonslderedwere con-

structing barriers to eliminate exposureabove Ldn = 60, 65, 70, and 75 dB. It was
foundthat thesefour scenorloswould require extraordinarily large mileagesof barriers m

bothsidesof morethan half of the urban interstates.

The presentcaloulafion is notsufficiently detailed to permit calculationof

scenariosinvolving exposureonly to levels higher than thosenotedabove. However,

a trendwasseenthat the benefits (in termsof reduction oJ:exposedpopulation)per mile

of barrier are greatestwhenapplied to relieve extremelyhlgh noise levels. "ll_ishas

beenthe intendedpu_ose of barriers in virtually all applications. General reduction

of hlghwoy noiseat moderate levelswouldrequireclearly impractical magnitudesof

construction.

It is thereforeconcluded that barriersconstructedalongfederal-ald highways

wouldnot providea feasiblemethodforabating traffic noiseon a national scale.

_elr main benefit is to provide relief in extremelynoisy local appllcafions.
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