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LOCATION•DESIGN NOISE CONTROL OF TRANSPORTATION SYSTEMS 

ABSTRACT 

The annoyance problem caused by the radiation of transportation 
system noises into nearby inhabited areas ts acknowledged, and 
schemes for controlling such noises are discussed. Site selection 
for transportation facilities emphasizing compatible land use in 
bordering areas, erection of barriers, use of cuts, and design 
changes and acoustical treatment of certain kinds of transportation 
installations are shown to be effective noise abatement measures. 

tit 



LOCATION•DISIGN NOISI CONTROL OF TRANSPORTATION SYS'l'H 

SlJMISY 

Noise condition• found around different tranaportatlon facllltle1 
Including airport•, roadway•, and rail line• are deacrlbed together 
with procedure• for rating the complaint potential for thla notae 
In impacted Inhabited are••· The merits of various location and 
design measures for reducln& probletnB of undue noise radiation from 
transportation Installations are appraised. Site selection for these 
Installations compatible with surrounding land use ls acknowledged as 
a key noise control ..easure. Dependlna on h~lght and distance, 
erection o~ barriers between the transportation facility and the 
nearest receiver are also shown to provide significant sound 
attenuation as doe• locattna the Installation In a cut or depreHlon. 
Unless broad realons are available for plantlna, the use of tree• 
and shrubs will not constitute an effective sound barrier. Design 
modifications for vibration isolation, for elimination of Irregularities 
in vehicle contact aurfacea, and the use of sound absorbent materials 
In certain transportation facilities are found to cause so.e reduction 
in the amount of radiated noise. Final connent ls atven to the problem 
of sonlc•booms expected with the advent of connerclal auper•sonlc air 
service. 

Iv 



LOCATIO~·DESIGN NOISE CONTROL OF TRANSPORTATION SYSTEMS 

INTRODUCTION 

That there ls increasing awareness of noise problems ln 
transportation systems can be illustrated ln various ways. 
Airline maintenance crews and select airport personnel now 
wear ear protectors when servicing aircraft so as to minimize 
the risk of nolse•lnduced hearing loss. The flyover noise of jet. 
aircraft has caused wldepsread complaints ln residential areas near 
airports prompting organized conmunity action to curtail, if not 
halt, the activities of the noise-maker (l, 2, J). As a result, 
operational noise ceilings are now ln effect at major airports 
in this country and Congress ls considering bills which would 
f!stabllsh a Federal corrmlsslon concerned with aircraft noise 
abatement (4, 5). Several States and cities have enacted or 
are in process of adopting laws which will specify maximum per­
missible noise levels for automobiles, trucks, buses and motorcycles 
operating on State or local roads (cited in Reference 6). This ls 
in response to the growing noise-annoyance problems caused by in• 
creasing traffic along city streets and expressways. In another vein, 
one automobile manufacturer has advertised that hls product's interior 
ls quieter than that of a much more expensive and prestigious car. 
An airltr.; has dubbed its fleet of aircraft "whlsper•jets" to depict 
the aco..,::;.t'c comfort experienced by its passengers ln flight. (I 
might adi:! hr~re that the airport neighbors who hear the noise of such 
aircraft overhead would probably be inclined to offer another name!!) 

Efforts to control transportation noise have had only limited success, 
and the proposed development of faster, more powerful vehicles with 
greater load-carrying abilities raises the specter of more severe 
vehicle noise problems ln the future. This paper ls intended to 
describe various design and location schemes for reducing noise in 
transportation systems. Techniques for quieting vehicle engines, 
probably the best means for correcting this problem, will not be 
discussed since they are not believed appropriate for this audience. 
Rather, concern here will be given to those measures which take 
account of the transportation facilities used by the operating vehicles, 
(i.e., the airport and rail installations, roadways and tunnels). 
Th••• corrective treatments will be assessed in terms of their ability 
to reduce the air•borne and structure•borne noise being generated or 
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transmitted by a transportation system into a neighboring area. 
More specifically, this evaluation will take the form of determining 
the extent to which a given noise control procedure will provide 
levels of transportation noise acceptable to the roadside or railside 
dweller, to the airport neighbor. Obviously, such noise reduction 
ca• .. ld also benefit vehicle operators, passengers and the work crews 
servicing the system. Noise control requirements for these latter 
groups, however, may be different from those applied to people living 
in the vicinity of the transportation facility. As noted in the 
illustrations given at the outset of this paper, transportation workers 
require a work environment where noise conditions potentially hazardous 
to their hearing rrust be controlled; the neighbors of a transportation 
system demand far quieter conditions, accepting only those noise levels 
that poae no hindrance to their privacy, comfort and well•being. 

I>ESCRIPTillN AND EVALUATION OF TRANSPORTATION NOISE PROBLEMS 

The solution of a noise problem usually begins by describing the 
characteristics of the noise source or noise field and ascertaining 
the basis for the noise bein.g generated. Physical description of 
noise includes over-all sound pressure level (SPL) measurements, 
reflecting the average energy contained in the noise for a broad 
range of audible frequencies, usually 20-10,000 cycles per second 
(cps), and spectrum determinations which show how the noise energy 
ls distributed anong the freqti~ncies comprising this range. The 
latter spectrum data are obtained by dividing the total range of 
frequencies into frequency bands, usually an octave or one•third 
octave in width, and measuring the~ sound pressure level in each band. 
All sound pressure level measurements are expressed in decibels (dB) 
in accordance with the fornula: 

I' l 
NdB • 20 log10 p--

0 
where NdB • number of decibels 

1'1 • root•mean•square 
average of the 
pressure changes 
underlying sound 
beina measured. 
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• reference root• 
mean•square 
pressure change, 
usually 0.0002 
microbar, corres• 
ponding to •ofeakest 
audible sound, 

Figure 1 shows typical over-all octave-band SPL readings in dB for 
a variety of transportation noise sources as measured under specified 
conditions. Also noted for comparison purposes are the over-all noise 
levels found in different industrial and community environments. The 
over-all levels observed for the transportation noise vary from 79 to 
101 dB, the lower value being equal to that found in large offices 
with tabulating machine~, the upper value being similar to that found 
in plant areas where weaving or metal shaping operations are going on. 
Note that all of the observed transportation noise levels exceed those 
indicated for a typical quiet residential street or one where there 
was some background noise from distant traffic and industry. 

While these comparisons are suggestive, over-all noise levels are 
seldom used in making judgments about noise problems since they can 
be misleading. For example, Figure 1 shows the jet and propeller 
aircraft flyover noise to have the same over-all levels which might 
suggest that they also cause the same intrusive effects and require 
similar noise control treatment. In actuality, however, the jet 
noise creates a greater annoyance effect because its spectrum shows 
relatively more energy in the high frequency octave-bands. People 
are less tolerant of intruding noise, especially lf it has strong 
high frequency energy and, consequently, ls high pitched ln nature 
(7). On the other hand, sound reduction techniques suppress high 
frequency sounds more effectively than low frequencies (8). Hence, 
the less annoying propeller aircraft noise would raise more formi• 
dable noise control problems should such sounds require significant 
suppression. 

ghted over-all noise level measurements taken on the A-scale 
rk of a conventional sound-level meter have been used to 

the nuisance value of a given noise (9, 10). A-scale readings 
fbels, abbreviated dBA, selectively discriminate against low 
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frequency, and to a leaser extent, high frequency energy in a manner 
which conforms to the variation in loudness sensation produced by 
different frequency sounds of moderate intensity. Figure 2 com• 
pares the unweighted over•all readings of the traffic noise previously 
shown in the first figure with equivalent A•scale readings. The 
relative order and magnitudes of the A-scale values differ from the 
unweighted measures f.or the same set of noises. A•scale values do 
bear some correspondence to listeners' objectionability ratings 
especially for limited classes of noises (e.g., motor vehicle noises 
(9, 10)). 

A•scale determinations, houever, are not as useful as octave• or 
one•third octave band spectrum dat1 in noise control work where 
effective treatment depends on locating the specific frequency 
region(s) contributing the most energy to the noise. The spectrum 
data can alao serve as a basls for computing various subjective 
measures of noise which more closely match listeners' annoyance 
judgments of noise than do the A•scale values (11). One such 
measure is called perceived noise level in dB, measured in units 
of PNdB (12). The perceived noise level of a noise ls obtained 
from a series of calculations which essentially weight the octave• 
or one•thtrd octave•band levels of the noise in accordance with 
functions describing equal annoyance judgments for different frequency 
sounds set at various intensities. 

PNdB values can facilitate the evaluation of the acceptability of 
different noise conditions in various ways. For example, given 
two noises with different spectra, one could predict from spectral 
conversions to PNdB which of the two would be perceived as noisier, 
thus less acceptable. Given a noise control treatment providing 
specified amounts of sound attenuation at various frequencies, one 
could predict how much reduction in noisiness would occur in applying 
this treatment to a known noisy condition by comparing the PNdB 
values computed for the unattenu. ~d and expected attenuated states 
of the noise. Figure 3 shows typical PNdB levels for vehicle noises 
heard at various distances as reported by Kryter (13). The shaded 
boxes on each curve indicate the estimated PNdB levels at dwellings 
typically nearest the specified noise source. Sound jury tests 
have found noises of 100 PNdB to be rated as "barely acceptable" 
(13). According to Figure 3, this would be equal to the noise 
heard from trucks or motorcycles at 50 feet, from diesel trains at 
200 feet, and from propeller aircraft at 500 feet altitude. Refle,ting 
th'lr unacceptability, the noise from jet aircraft operations is 
hl,iler than this 100 PNdB level as heard at houses nearest the noise 
source. To be more meanlngful 7 however, these PNdB evaluations, or 
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others uatng any of the previously mentioned acou1ttc 11easurea, 
need also tnclude ~ata about the duration and number of occurrence• 
of such noiae condtttons. One aoclological study has found, ln 
fact, that doubling the number of occurrences per day of a particular 
vehicle notae produced the same degree of COlllll.lnlty annoyance as 
keeping the number of occurrences constant but increasing the per• 
ceived noise level by 4.S PNdB (14). Laboratory studies have shown 
that, within ltmtta doubling the duration of a sound tncreaaea ita 
judged noisiness by 4.S PNd8 (lS). 

Other factor• that nay influence a COllll.lnity's reaction to noise 
can be paycho-soclal In .~ature. Based on case histories, It has 
been shown that the number of nolae-annoyance complaints vary with 
the urban, auburban, or rural characteristics of the Impact area, 
and with the extent of its prevloua conditioning to noise or other 
irritants (16, 17). Time of occurrence ls alao a significant factor, 
people being less tolerant of noise tn the evening than during the 
daytime. Adjuatilleftts are made in noise rating procedure• to take 
account of these variables in forecaating the COllllUnity•s response 
to a given nolae exposure. Theae forecaats aerve several purposea, 
one of ~tch ta to determine how -.ich noiae reduction will be needed 
before the noise-make~ ts accepted by the area inhabitants. 

This brings ua to the main concern of this paper, noise control tn 
transportation systeaa. The control measures described here reflect 
three baatc approaches to the traASportatton notae problem. The ftrat 
deals with aapects of site aelectton, and the second with barriers. 
The third approach con.alders noise reduction gained through deatgn 
and construction change• tn certain kinda of transportation factltttea. 

SITE CCllSIDIRATIONS AND NOISE CONTRU. 

COIMllnity noiae probl ... posed by tranaportation syste.. can be 
mintndzed by chooatng sitea for theae tnatallatlona which take 
account of the exiattng and planned uaea of the aurroundtn1 land. 
For example, locating a facility near larae tnduatrlal and ca.11erctal 
areas offer poasibilttlea for buffering or masking the noise that 
.. , radiate from the transportation system to outlying COlllMnltles. 
Sl•llarly, tnatallatlona built ln undeveloped re1tona ahould require 
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that the neighboring land be zoned for non-residential use. If not, 
the facility should buy ample land to take care of future expansion, 
due to increased traffic, perhaps larger and noisier equipment, and 
yet retain adequate size clear zones enabling the generated noise to 
drop off to levels not unlike those found in the nearest inhabited 
area. 

Failure to consider these provisions has led to the present day 
problem of aircraft noise intrusion in comnunities near airports. 
Specific to this airport problem, different guides have been fonnu• 
lated for estimating the c01111Unity•s response to noise generated by 
aircraft operations; their purpose being to guide zoning decisions 
and land use planning in the airport vicinity (13, 14, 18). In one 
guide (18), noise contours, expressed in !'NdB, are given for take•off, 
landing and run-up operations for various classes of aircraft. Examples 
of these PNdB contours for take-offs and run-ups of Jong-range jet 
aircraft are shown in Figure 4. (For the purpose of illustrating 
incompatible land use, points are plotted on the take-off contours 
approximating the location of several comainities, relative to an· 
airport runway, where vigorous and repeatTf>group protests have been 
recorded to the intruding aircraft noise. The PNdB levels at many 
of these locations indicate truly intolerable noise conditions. 

In using this guide, the PNdB contours for take-off and landing 
operations of different aircraft are applied to each airport runway 
and then corrected to account for total number of movements on that 
runway, percentage of runway utilization and other factors according 
to the sche111e shown in Table 1. Engine run-up noise contours are 
evaluated separately by a •i•ilar scheme not shcr~'ft here. These 
corrected PNdB contour values are referred to as "c0ntpoaite noise 
ratings" (CNR) which are associated with an expected comaanity 
response as determined from case histories of atrport-c01111Unity 
noise probl.... This association ls described in Table 2 which 
classifies three zones of response, namely, no complaints, individual 
vigorous reaction, and concerted group action with increasing CNR or 
corrected PNdB levels for aircraft operations. Working with this 
relationship, N\e can construct the three zones of c011111ntty reaction 

(1) 
This infonnation was obtained fra11 the Congressional Conmittee 
hearings nn airport noise (1), the plotted locations being 
those of witnesses testifying to the severity of the aircraft 
noise problem in their com111nities. 
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Table I Operational Corrections to Apply to Perceived Noise 
Levels for Takeoffs and Landings, 

I Number of Takeoffs or Landings Per Period Correction 

Day (0700-2200) Night (2200-0700) 

Less than 3* Less than 2 -io 
3-9 2-5 -5 

10-30 6-15 0 

31-100 ! 16-50 +5 

More than 100 More than 50 +10 

Percent Runway Utilization Correction 

31-100 0 

10-30 -5 

3-9 -JO 
LeH than 3 -15 

Time of Day** Correction 

0700-2200 0 

2200-0700 +10 

• 1 f th• aver .. • nUtlller of operation• for M al re raft t1P• i • 1 ... thM one 
per ti .. period, that aircraft type ahou1d not be conaldered in the 
Ma11•••· 

••tn 1enera1, the ratio of d.,-ti..-to~i1htti .. operation• I& euch that d.,.­
u .. operation• detet"llln• the _Capoalte IOI• Ratln1• at alr,orta. 

On1y wllen the nl9httl•• activity i• di•proportionately hl1h wl11 the ni1ht• 
ti .. correction affect the Collpoalte IOI•• Ratln9. 
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Table 2. Chart for Estimating Response of Residential Communities 
from Composite Noise Rating. (From Ref.18) 

Composite Noise Rating • 

Takeoffs and Zone Description of Expected Response 
Landings Run ups 

Less than Less than I Essentially no complaints would be 
100 80 expected. The noise may, however, 

interfere occasionally with certain 
activities of the residents. 

100 to 115 80 to 95 2 Individuals may complain, perhaps 
vigorously. Concerted group action 
i s poss i b 1 e. 

--~-~I vi dual reactions "°uld I ikely 
--

~er Greater 
an than include repeated, vigorous com-L ,,5 95 plaints. Concerted group action 

might be expected. 

*Corrected PNdB Levels 



fv the fhght operauma faund at a &19" attrpon. This Is all.­
tor • hypothetical tvo namay airport la r1aun 5-. ttle l.OM l •n• 
de99ri::ing • nt&hn ft"H of slplfic .. t. 1"'41aCt.iOlt\S t.o alnt:a~t ~•U·•• 
and thus suiuble for reshle.aUal use.. U eagtu n!lft""\IP HlH •l•• 
ls a saurce of annoyance to tlw airport Mt&"bors. the nol•• cont•n 
fOl' these operatlans vauld be &¥,er-l•ttosed GI\ tbaae for tlile fUpt 
•cUv!ties. nae resulting set of C'-lnts. deUnlng tM varl..a • ...,.. 
of reactlcn for both types of operations. could look like th.at 11.._ 
in Figure 6. 

The guide ju.st described can. be used in alleviaUag extatlng aot•• 
probl- by aup .. uag new n1m1111 conatrucu • 11hlch cc:..uld dee..,,.•• 
the noise lntrusl• ta populated areas. A h~heUcal cue to 
i1 h;.strate this application ls shCNft in Figuna 1 and 8. Fl&Utt 1 
shows an existing airport vh.ose operaUOl\S alang CWle nanvay (lit Ill 
37) produce significant noise-annoyance probl ... ln co.1111.mltlea 
lying to the north and south. Figure 8 shous a new runway, whot• 
or!.entaUon ts not t:oo tllsstm lar fr• the old one, but whoee use 
vill cause a lover l'1!Yel of noise radiation into these .... two 
comuni ties. The guide could also serve to estl•te noise reductl on 
froe lengthening existent runways or altering fltsbt profiles. 

There are SOllll! acute airport COllllUnltJ noise probl ... which can onl1 
be corrected through purchase of extensive residential land areas. 
While this remedy .. , be extre111el1 caatly, the eventual resale of 
this land f~r more COllpatible us•&• •lght offset any ftn.nclal lass 
involved in such transactions. 

Comunity growi.:. and roadway dnelopment also reveal tncOllplltlbllltles 
in land use !'fJSultlng In undue noise candttlana tn residential areas. 
In alluding to t~l• problem, Thiessen (19) notes how CallllUnitle• tend 
to grow by stretcntng out along the •ln roads e•nattng fra111 the 
town center. This Is depicted ln Ftsure 9 vhtch shCNS an aerial vtew 
of a town of 30,000 population covering an area of 1,000 acres. 
While local roads are not shown, the close praxt•lty of the realdenttal 
areas to the 10 11Bjor roads leading out f ra111 town vou.ld suaAeat that 
a lar~e portion of the populace ii expoaed to hl&h level traffic nol••· 
This view ts to be contrasted vlth the one in Ftaure 10 which redl•· 
tributes the different area• for purpoae1 of traffic noi1e control. 
Aga.ln, lm:al roads are not shawn. Only th@ street that represent• 
the boundary betveea the c.-...ercial and residential areas cn nw be 
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considered as producing significant roadway noise exposure. C011parlaon 
with Figure 9 would indicate that the redistribution. redu~'~ the exposed 
population by a factor of 9. In addition, no residential area now 
butts on an industrial on.e which ftlllY minimize the annoyance of radiating 
industrial noise. 

In reference to c011111Unity development and roadway noise, Thiessen 
states, "The major obstacle to effective planning of roads and 
comn.inltles, whether for the sake of minimizing noise nuisance, easing 
traffic congestion or for any other public advantage, see1119 to lie in 
the fact that the authority of planning bodies ls ~enerally of a per• 
missive nature. The Initiative CO'llleS from the private developer who 
has no knowledge or interest in the amenities just noted. In fact, 
very often the ills do not materialize until a variety of developers 
have all added their bit to the random growth of the COlllllllnity" (19, 
Pg. 12). 

Obviously, the best interest of roadway noise control could be served 
If new coanunities would not be permitted to encroach on. existing 
busy roads nor new roads on. existing residential areas. With regard 
to the latter, it was encouraging to learn that the Department of 
Housing and Urban Development ts considering potential noise radiation, 
as well as gla¥c and vibration, as planning factors in routing the 
2500 miles of urban highway still to be built as part of the Federal 
inter-state highway system (20). By-passes and ring roads have been 
af help In relieving traffic congestion ln the centers of tawna with 
resultant reduction in noise. However, routing of such roads require• 
careful consideration to avoid bringing heavier traffic close to 
existing schools, hospitals, and houses in other areas which are 
more vulnerable to noise than are the shops and commercial buildings 
which often front main roads. 

Concerns about connunity noise problems in airport and roadway 
pl_~nning have not generalized to railway systems. Surprisingly, 
the number of complaints to railroad noise seems relatively small, 
but may increase considerably with the advent of high speed rail 
transportation, including the use of jet powered locomotives. The 
adequacy of present clearance areas around tracks for serving as a 
buffer against the expected higher noise levels of these faster 
trains would certainly appear dubious, and effective control of such 
noise •Y require rerouting of track, erection of barriers along rail 
sites and still other measures, perhaps total enclosure of the syste111. 
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Ftaure 7. Rola• contour• around • hypothetical airport ahuwlftl 
marked noiae lntruaton lft m-..nltl .. from operatlou 
alona OM •Jor runway. (lxnple adopted. lft part. 
from kef. 38). 
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NOISE REDUCTION BY BARRIERS 

Walls, buildings, embankments and other large, rigid barriers, if 
placed between a sound source and receiver, will attenuate the 
amount of sound reaching the receiver. This attenuation is in 
addition to that produced by distance. Figure 11 shows the key 
variables influencing barrier attenuation as desert be.d by Rettinger 
(21). they are (H) the height of the barrier relative to the noise 
source, (A) the distance between the source and the barrier, and 
(B) the distance between the barrier and the receiver. Shown in 
the lower portion of the figure is the amount of excess attenuation 
produced by a barrier for the typical case when distance (B) is 
much greater than the barrier height {H) which in turn is equal to 
or greater than distance A. The terms 'f' and 'c' in the abcissa 
exµression refer to sound frequency and velocity, respectively. 
Th~ plotted curve shows attenuation to increase with increasing 
barrier height and/or decreasing distance between the sound source 
and barrier. While no limit is indicated for the amount of barrier 
attenuation, a maxinum of 25 dB seems obtainable in practice (22). 
Figure 12 shows Rettlnger•s (21) calculations of sound attenuation 
by frequency as a function of barrier height for fixed source and 
receiver distances from the barrier. Note how the attenuation for 
all frequencies increases with increasing barrier height, with the 
higher frequencies showing more reduction than the low frequencies. 
This greater attenuation of high frequency sound ts significant 
for control of corrmunity noise problems since, as already noted, 
such sounds are judged more annoying than the lower frequencies (7). 

With certain qualifications, the attenuation effect of a barrier is 
quite similar to that produced by a cut or depression (23). For 
the same fixed distances A and B, the barrier and cut configurations 
shown in Figure 13 provide the same acoustic shadow at the position 
of the receiver, thus causing the same amount of attenuation (22.5 dB) . 
when compared to the unshielded case. Actually some sound, particularly 
of low frequency, is diffracted into the shadow area. Note that the 
depth of the cutting rmJ.st be greater than that of the barrier height 
to cause the same attenuation. Further, a true depression might 
even produce less attenuation than that noted if reflections from 
the far wall are considered as shown in the upper part of Figure 14. 
Such reflections tend to reduce the effective height of the sound 
shadow. Sloping the walls of the cut can direct these reflected 
sounds upward and therein eliminate the problem but also, unfortunately, 
reduce the effective barrier height for the sounds coming directly 
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from the source. Other solutions involve the erection of a partial 
roof or overhang on the walls of the cut or use of dense planting 
on embankments to scatter and absorb reflected sounds. 

The effectiveness of a cut in reducing radiating train noise has 
been reported by Embleton and Thiessen (24) and is illustrated in 
Figure 15. The dimensions of the cut are shown as are the range 
of octave-band sound levels for freight train noise measured at 
100 feet from the edge of the embankment. For comparison purposes 
are shown the ranges of octave-band readings for the train, measured 
at the same 100 foot distance, with the track roughly at the same 
grade as the surrounding land. The sound attenuation produced by 
the cut ls substantial, midpoints of octave-band levels for the cut 
condition being in some instances as much as 23 dB less than the 
"same grade" condition. Comparison of the midpoints of these two 
sets of octave-band data, if expressed in PNdB, would indicate that 
the cut would more than halve the perceived noisiness of train noise. 

Barriers rather than depressions have been suggested for reducing 
potential noise problems of new roadways since depressed roads are 
more costly to build considering the amount of earth that has to 
be removed and the need for drainage. The presence of a high barrier 
for long stretches of road however, would provide a rather dreary 
view to the motorist. Hence, barriers of limited height, e.g., 3 1/2 
feet, permitting visibility of the surrounding area have been suggested 
(19). While these limited barriers would offer some reduction to 
noise of high frequency, they would give negligible attenuation for 
the strong low frequency noise of trucks - perhaps the worst roadway 
noise makers. They also would have to contain breaks to acconmodate 
incapacitated vehicles which would serve as acoustic leaks unless 
otherwise shielded. 

Barriers in the form of long, fairly tall buildings have been suggested 
for controlling the spill•over of airport noise into surrounding 
residential areas (25). Such buildings would run along the entire 
boundary of the airport, parallel to the airport runways. One 
acoustic expert's view of this plan is sketched in Figure 16, the 
structure being an 8•story apartment building of about 100 feet in 
height. Sound treatment inside the building would suppress the 
outdoor aircraft noise to low levels, while the building itself, 
acting as a barrier would cause approximately 25-30 dB noise reduction 
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in the adjacent col!l!Llnity. While the basic plan has merit, the 
desirability of using such buildings for apartments is certainly 
questionable in view of crash possibilities. Many complaints to 
aircraft noise by residents arcund airports are believed motivated, 
in fact, by the fear of an aircraft disaster (26). Usin3 such 
buildings for warehousing may be more reasonable. 

The attenuation of trees and forests have been studied with the 
findings showing that hundreds of feet of dense planting would be 
necessary to create an eff~th•e sound barrie:t (27, 28). Figure 
17 shows the approximate decibel reductio~ per 100 feet of woods in 
excess of that produced by distance by octave-band frequencies. 
Using this data and the roadway noise spectrum referenced earlier 
(see Figure 1), one could estimate and compare the resultant noise 
levels at various distances from a roadway, given bordering strips 
of clear and wooded land. This comparison is shown in Figure 18, 
tl".e wooded area causing lower radiated noise levels for each specified 
distance. ExiJressing the spectral data in Figure 18 in PNdB, the 
wooded strip widths of 50 feet, 150 feet anci 350 feet, would result 
respectively, in 167., 217., and 407. less noisiness when ~ompared to 
equal widths of clear land. 

The mininum width of planted areas needed to attain truly significant 
attenuation of roadway noise is believed to be 200 feet which may 
make such treatment measures unfeasible. It nust be noted, however, 
that merely hiding a roadway or other offensive noise• source from 
view by trees and shrubs can of fer marked psychological attenuation 
of intrusive noise, resulting in fewer complaints. 

~Q_ISE REDUCTION THROUGH MODIFICATION OF TRANSPORTATION FACILITIES 

High speed expressways in city arecs carry dense traffic urder, over, 
and alongside occupied buildings. Much of the airborne noise of this 
traffic is at.tenuated by building walls and presents only minor 
pro!:-lems. On the other hand, this traffic movement may cause sound 
transmission into building areas via connecting structures, creating 
significant noise problems to the occupants. Limited data have show 
structure•borne nois~ levels in buildings located beside or over a 
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medium speed highway to range from 60 to 80 dB in the 20 to 75 cps 
octave-band and drop off with frequenc/ at the rate of 10 dB per 
octave (29). Miller (29) offers some general suggestions for 
suppressing sound transmissions of this nature. They are: 

a) Have no expansion joints in the roadway near 
critical buildings. 

b) Have no drainage grills running across the roadway. 

c) Provide suitable vibration isolation joints between 
the roadbed and the structural members of adjoining 
buildings. 

d) Provide a smooth, fine-grained road finish. 

With regard to the latter, little interest has been directed toward 
developing roadway surface materials which could reduce structure• 
borne and air•borne roadway noise emission. The application of soft 
plastic coatings to highway surfaces has been mentioned as a possible 
means of absorbing tire noise but no evaluative work has been done 
as yet (19). 

Structure-borne noise problems in buildings are also caused by 
movements of nearby railroad trains or subways below. Reduction 
of these sound transmissions can be gained through using continuous, 
welded, steel rails that are kept precisely aligned and free of 
waves or other imperfections. It is open track joints and other 
irregularities in the surfaces of contact between the rolling metal 
wheels and rails which are the principal causes of both structure• 
borne and air-borne train noise. A more dramatic solution here has 
been to use railroad cars with pneumatic tires which roll on wide 
concrete rails. Rubber tired subway trains were first used 10 years 
ago on portions of the Paris Metro subway system and are to be used 
in the nearly completed Montreal system. Unfortunately, noise level 
measurements on t:'te Paris and Montreal systems could not be obtained 
but would be expected to be nuch lower than those fout".d for subways 
using more co1Wentional equipment. On the other hand, it has been 
learned that Paris is discontinuing its pneumatic-tired trains and 
returning to the steel-wheeled cars and steel rails. High replace• 
ment costs and frequency of replacement of rubber wheels were said 
to be the reasons for the change. 
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VibrAtion isolation of the tracks from the rail ties and roadbed 
will also reduce structure-borne noise from trains, Reduction 
of ground transmitted noise from a subway by means of mounting 
elnstic (neoprene) pads under the rails may produce over 20 dB 
of sound attenuation relative to the uninsulated condition (20). 

Some success in curbing air-borne track-side noise in subways 
has been obtained by erecting horizontal projecting surfaces just 
above the rails, the undersides of these surfaces being coated with 
a sound-absorbent material. Over-all noise level reductions of 6 to 
7 dB were noted in comparing tunnels having this treatment against 
untreated ones, as measured inside subway cars with open windows 
(cited in Reference 31). Perhaps similar reductions would occur 
in subway stations if the undersides of the passenger platforms 
were treated with absorbent material. 

ADDED COMMENT • SONIC BOOM 

This paper would be incomplete without some comment being made about 
the sonic boom problems from supersonic aircraft operations. Sonic 
boo~s from aircraft are associated with shock waves, a natural con­
sequence of supersonic flight in the atmosphere. These waves extend 
out from the aircraft, being observed on the ground as transient 
over-pressures of short duration which travel alon§ at the speed of 
the aircraft, and which spread laterally for several miles on each 
side of the ground track. Overland supersonic flight tests, approxi• 
mating altitude and other conditions to be used by future commercial 
supersonic air transports, have been found to produce over-pressures 
or booms of 2-2.3 lbs/in2 in areas lying within 2 miles of the ground 
track (32, 33). Individuals living in these impact areas reported 
some structural damage (cracks in plaster, glass breakage) and as a 
group complained vigorously about the disturbance caused by the booms. 
Less intense over-pressures from these flights were noted with increasing 
lateral distance from the flight path, but even at s-10 miles the boom 
nressure levels were still strong enough (1-1.2 lbs/in2) to cause wide• 
pread reaction among exposed inhabitants. Ocher types of tests, com­

parin3 the perceived noisiness of sonic booms with other aircraft noises, 
have indicated that persons indoors in a path 16 ml les wide would be 
bothered by the sonic boom to about the same degree as persons indoors 
directly under the flightpath of a subsonic jet aircraft l 1/2 miles 
from an airport (34). 



- 14 -

NOISE CONTROL OF TRANSPORTATION SYSTEtvlS 

The large area of impact, the relatively high intensity of the sound 

d f course its start le quality, have caused great concern about 
an' 0 1 l d d h f ·b' l' f the public acceptance of sonic booms. n ee , t e eas1 1 1ty o. 
routine SST operations, particularly for overland routes, is believed 
to be largely a function of the severi:y of the sonic-boom problem, 
Presently, the best practical methods tor reducing the sho7k wave 
intensity to tolerable values appear to be restraints on aircraft 
design and operation (35, 36). 

CONCLUSIONS 

This discussion of controlling radiation of transportation noise is 
best summarized by the following conclusions: 

1. Planned locations for airports, highways, and rail installations 
must take account of surrounding land use in order to alleviate 
potential problems of community noise intrusion arising from operation 
of these transportation facilities. Siting such facilities adjacent 
to areas zoned for non-residential use 7 or acquiring sufficient land 
to provide sizeable buffer regions between the facility proper and 
the nearest residence are excellent preventative measures. 

2. Walls, embankments, buildings and other large, rigid structures 
can serve as effective sound barriers against radiating transportation 
noise. The sound attenuation of barriers depends upon their height, 
and the noise source and receiver distances from the barrier. Barrier 
attenuation is greatest for the higher, more nnnoying frequencies in 
the noise field. Unless broad areas are available for planting, trees 
and shrubs wi 11 not cause significant reduction in radiating noise. 

3. Techni~ues of vibration isolation, application of sound absorption 
materials, elimination of irregularities in vehicle conta.ct surfaces 
(e.g., removal of open track joints, use of smooth-grained roc.d 
finishes) will serve to reduce structure-borne and air-borne noise 
generation and transmission. 
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4. Sonic-booms from overland supersonic flights of aircraft are 
expected to cause formidable community noise problems. Restraints 
on aircraft design and flight operations presently appear to be the 
only ameliorative measures in dealing with this problem. 

' ' 



- 16 -

REFERENCES 

1. Anon. "Aircraft Noise Problems", Hearings Before Sub­
committees of the Committee on Interstate and Foreign 
Commerce, House of Representa.tives, Government Printing 
Office, ~ashington, D.C. 1963. 

2. Anon. National Aircraft Noise Abatement Council Newsletter, 
Vol. 4, No . 14, August 1, 1963. 

3. Anon. National Aircraft Noise Abatement Council Newsletter, 
Vol. 3, No. 3, February 15, 1963. 

4. Collier, H.R. H.R. 14826, House of Representatives, Washington, 
D.C., May 3, 1966. 

5. Kupferman, T. H.R. 14602, House of Representatives, Washington, 
D.C., April 25, 1966. 

6. Galloway, w. "Objective Limits for Motor Vehicle Noise", 
Rept . No . 824, Bolt, Beranek and Newman, Inc., Cambridge, 
Massachusetts, December 1962. 

7. Rees e , T.W. and K.D. Kryter. "The Relative Annoyance Produced 
by Various Bands of Noise", Psychoacoustic s Laboratory, Harvard 
University, P.B . No. 27, 306, U. S. Dept. of Commerce, Washington, 
D.C., March 1944. 

8. Sabine, H.J. "Acoustical Materials", in Handbook o f Noise 
Control (Edited by C. M. Harris) McGraw- Hill Book Co., New 
York 1957, Chapter 18. 

9. Mi Us, c. H. G. and D. W. Robinson. "The Subjective Rating 
Motor Vehicle Noise", in Noise (Edited by A. Wilson), Her 
Majesty's Stationery Office, London, July 1963, P. 173. 

10. Robinson, D.W. "Subjective Scales and Meter Readings", The 
Control of Noise (Edited by M. Delaney and D. W. Robinson), 
Her Majesty's Stationery Office, London, June 1961, P. 243. 



11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

- 17 -

Cohen, A. and R. F. Scherger. "Correlation of Objectio~abi li ty 
Ratings of Noise With Proposed Noise Annoyance Measures , 
Rept. RR-3 Division of Occupational Health, U.S. Public Health 
Service, Cincinnati, Ohio, May 1964. 

Kryter, K. D. "The Meaning and Measurement of Perceived 
Noise Level", Noise Control, Vol. h No. 5, 1960, P. 12. 

Kryter, K.D. "Psychological Reactions to Aircraft Noise", 
Science, Vol. J2..k No. 3716, March 1966, P. 1346. 

Anon. "Social Survey in the Vicinity of London Airport", 
Cited in i~oise (Edited by A. Wilson), Her Majesty's Stationers, 
London, July'1963, P. 204. 

Kryter, K. D. and K. s. Pear sons. "Some Effects of Spectral 
Content and Duration on Perceived Noise Levels", Jour. Acoust. 
Soc. Amer. Vol. l2,, 1963, P. 866. 

Parrack, H.O. "Comnunity Reaction to Noise", in Handbook 
o.f Noise Control (Edited by C. H. Harris), McGraw-Hill Book 
Co., New York, 1957, Chapter 36. 

Stevens, K. N., Rosenblith, W. A. and R. N. Bolt. "Conrnuni ty 
Reaction to Noise - Can it be Forecast?", Noise Control, 
Vol. l• 1955, P. 63. 

Anon., "Land Use Planning With Respect to Aircraft Noise", 
Air Force Manual No. 86-5, Washington, D.C., October 1964. 

Thiessen, G.J. "Survey of the Traffic Noise Problem", ~· 
Acoust. Soc. Amer. Vol. 11• No. 6, June 1965, Abstract 
(Complete paper available on request). 

McC~ath, D.C., Jr. Director, Division of Metropolitan Area 
Analysis GHtce of Planning Standards and Coordination, 
~epartment of Housing and Urban Development, Washington, D.C. 
October 1966, Private Communication. 

Rettinger, M. "Noise Level Reduction of Barriers", ~ 
Control Vol. l&, No. 5, 1957, P. SO. 

Wiener, F. M. "Sound Propagation Outdoors", tn Noise Reduction 
(Edited by L. L. Beranek), McGraw-Hill Book Co., N.Y., 1960, 
Chapter 9. 



- 18 -

23. Rettinger, M. "Noise Level Reduction of Depressed Freeways", 
Noise Control, Vol. 1, No. 4, 1959, P. 12. 

24. Embleton, T. F. W. and G. J. Thiessen. "Train Noises and 
Use of Adjacent Land", Sound, Vol. h No. 1, Jan.-Feb. 1962, 
P. 18. 

25. Anon. National Aircraft Noise Abatement Council Newsletter, 
Vol. 4, No. 23, December 15, 1963. 

26. Anon. "Effects of Aircraft Noise in Communities", Report of 
Working Group 34, Armed Forces NRC Committee on Hearing and 
Bioacoustics, Washington, D.C., October 1961. 

27. Wiener, F. M. and D. N. Keast. 
pagat ion of Sound Over Ground", 
Vol. ]l, No. 6, 1959, P. 724. 

"Experimental Study of Pro­
Jour. Acoust. Soc. Amer., 

28. Embleton, T. F. W. "Sound Propagation in Homogeneous 
Deciduous and Evergreen Woods", Jour. Acoust. Soc. Amer., 
Vol. 35, No. 8, 1963, P. 1119. 

29·. Miller, L. N. "Case Histories of Noise Control in Office 
Buildings and Homes", in Noise Reduction (Edited by L. L. 
Beranek) McGraw-Hill Book Co., New York, 1960, Chapter 23. 

30. Edwards, A. T. and I. J. Billington. "Rail Vehic l e Noise", 
in Research Paper No. 155 of the National Research Council, 
Div. of Building Research, Ottawa, Canada, April 1963. 

31. Jack, W. A. "Noise in Rail Transportation", in Handbook 
of Noise Control (Edited by C. M. Harris), McGraw-Hill Book 
Co., New York, 1957, Chapter 32. 

32. von Gierke, H. "Effects of Sonic Boom on People: Review and 
Outlook", Jour. Acoust. Soc. Amer., Vo l. 39, No. 5 , Part 2, 
1966, P. 43. 

33. Nixon, C. W. and P. N. Barsky. "Effects of Sonic Boom on 
People: St. Louis, Missouri, 1961- 1962", Journal Acoust. 
Soc. Amer., Vol. 39, No . 5, Part 2, 1966, P. 51. 



- 19 -

34. Kryter, K. D. "Laboratory Tests of Physiological-Psychological 
Reactions to Sonic Booms", Jour. Acoust. Soc. Amer •• Vol. 39, 
No. 5, Part 2, 1966, P. 65. 

35. Baels, D, D. and w. E. Foss, Jr. "Assessment of Sonic•Boom 
Problem for Future Air-Transport Vehicles", Jour. Acoust. 
Soc. Amer. Vol. ~' No. 5, Part 2, 1966, P. 73. 

36. Magl .eri, D. J. "Some Effects of Airplane Operations and 
the Atmosphere on Sonic-Boom Signatures", Jour, Acoust, Soc. 
~' Vol. 12,, No. 5, Par.t 2, 1966, P. 39. 

37. Ostergaardw P. a. and R. Donley. "Preliminary Survey of 
Predicted Changes in Neighborhood Noise in West Orange, 
New Jersey, from a Proposed East-West Freeway", Goodfriend 
and Associates, Cedar Knolls Acoustic Laboratories, New Jersey, 
1963. 

38. Pietrasanta, A.C. and K. N. Stevens. "Guide for the Analysis 
and Solution of Air Base Noise Problems", WADC Tech. Rept. 
57-702, Aerospace Medical Laboratory, Wright-Patterson Air 
Force Base, Ohio, November 1961. 




