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PREFACE

Th i s repor t doc_ents t h e , esult ' of a field noise . e.sur.. -

...n t p ro.r". conduc t ed at t ypic .l hi.h...y l oc at i on s ..he r .. nois ..

en{orce...n t ••enc i ..s ••y .....sur e .otor ve hicl .. noise. Data ob tain ·

ed f r Dlll the prog ra ll are intended t o p rovi d.. t e chn i c a l bacli:roun d

t o help de fin .. t h.. r equ i r ellents f or thf' p r oc e du r ..s t o b.. use d t o

m..a s ure t r uck no h .. a t h ighway e n forc ..ment sit " 5, Dat a a r c a l .o

prov i d ed t o hel p d e fine "s t .ndard si t .. s" as .. .. II a s no i s .. l e v.. l

ad j us tmen t s fo r an ac c eptable " non s t and a r d • i t e."

Th.. pr0i:T3.. vas sponsored by t h.. U.S . Dep.rt...n t o f Tr.nspo r­

ta tion , Offic.. of So h e Abate.en t , und er the direc tion of ~r. W.

Har r}' Close .

App r e c ia t i on i s e"press ed to Mr . Ri ch a r d St"ad r and s upe n d­

s or s an d d ri v e r. c f t he Int e rn ationa l Har v e s t e r Co . , For t W" yn e,

Indi a na, fo r t h e ir a s sis t a nc e In this .ea s u rellent pr ogra•. I n

pa rticula r , the dr i ve r s perfoned b..yond e:xp<,c tat ions du rin. t h e

l e n. t hy and t i r e s o. e .... sur e. en t phas e o f t h i s pro.r.. .
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1. I NT RODUCTI ON

The U.S . Depa rtllent o f Transpo r ta tion , Tr a ns porta tio n Systells

Cen t er CTSC) , Cambridge , Ma s s a c huse t ts , lIe a sured t he passby noise

e mi s s i o ns f r oll t hree de dic ated t r uc ks a nd f r om t ra ns i en t t ruc k

tra ffi c .

Me a s u r e ..ent s " e r e eade at 10 si tes in a nd around Fort Wayne ,

Indiana , du ring the pe riod J u ly 10-20 , 197 4 . Da t a " ere lIeasure d

a t e i gh t lIicrophone l oc a t i o ns a t each site a nd r ec o rded on lIagne tic

t ape .

The p\l rpose of t he progTall "IS to obta in i n f o rJIat ion on the

effects of topographical site va ria tions On t he lIe asu r ellen t o f

nohe propaga tion froll a veh i c l e .

Three dedicated tru ck s wi t h d rive rs " e re s upplied for t h i s

prog r am t hr o u gh a coopera t i ve e ffo r t betwe e n DOT and I nterna t i o n a l

lIarve s t er Co . ( I H) , Truck Eng i neer ing Dep a r t ment, f o r t ~'a y n e ,

I nd iana .

,



2, MEASUREME NT PROGRM1

2.1 SITE SH~CTIOl'

Ten si tes in and around Fort Wayne, Indiana , were chosen for

this mea surement p rog ram , Nonobstruc ted sites representative of 11

wide variety of measurement situations, on roadways ""hic h included

a reasonable amount of t hrough truck t r a f f i c , were selected .

Throu~h the cooperation of International Harvester Co . the

acoustic test p"d of t he lH Truck Engineering Depar tment was

inCluded as one of the si tes . The tes t pad was cons tructed to

SAE -J366b specifications. 1

Ceneral desc rip tions of the 10 si t e s follows. Complete

des criptions, including photographs and topographica l data, appear

i n Appendix .~.

2.1 .1 Site 1 -Ill Test Pad

Relatively l e vcl area, smooth asphalt surface t o SO f eet, low

cut grass to 200 feet. (SAE·J366b specification.• . )

2.1.2 Si te 2 - We igh t Station 1 -69 Northbound

Concrete roadway, t o -rec e asphal t breakdo",'n l an e , relatively

flat arca ",· ith deep dra inage ditch at 37 feet. Grass area back

to 62 feet, concrete surface to 150 feet .

2.1.3 Site 3-Rest Area 1,69 Sout hbound

Concrete roadway, concrete surface to 37 feet , low cut grass

t o 50 feet, beavy grass and steep incline to 100 feet.

Service Road Area I - 69 Southbound

Concrete roadway, HI-foot asphalt breakdo'o'n l a ne , relatively

flat area with shallOW drainage ditch at 25 feet. Low cut grass

to 37 fcet, high g rass to 62 feet, asphalt to 100 fee t.

ISociety o f Automotive Engineers, Exterior Sound Level for He avy
Trucks and Buses, SAE·J366b.
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2. 1. 5 S it e 5

- - - - - - - - - - --1

Midwes t e r n Life US 24 East

•

As pha l t roadway , 10 - foot g r avel b rea kdo wn l ane , gent le downs lop e

>d t h 10..' cu t gra ~s to bey ond ZOO fee t.

Res t Area US - 3D l'ie s t

Concret e ro ad",,,;,, r elative ly fl a t "," ph a lt to 50 fee t, drai n­

age d i t c h a t 62 fee t , gent l e ris e to 10 0 fe e t wi th l ow cut grass.

Crossroad US- 3D West

Concre te roadway, concret e apro n t o 20 f e e t , a sph al t 'iith loos e

dirt , gentle downsl ope. Dr a i n age d itch on e ith e r s i de of c r o s s roads.

2 .1 .8 Si te 8 _ Elevnted Ro adway US-24 Eas t

Asphalt r oad way , 1 2-foo r g r ave l b r e a kd own lane , fI at dep r es sed

measuri ng a rea with hi gh g r ass .

De p r e s sed Road.; ay 1 -69 Nor th

Concre te roadway , l O- f oo t asphalt bre a kd own lan e, d r a i nage

d itch at 2S fe e t , upslope t o 50 f ee t wi t h med ium hei gh t grass,

elevated fl a t s i te wi t h h i g h g ra~ s /bac k t o 2 DO feet.

Conc re te ro adway , 10_f oot as pha l t brea kdmm l ane , d r a i na g e

di t c h a t 37 feet, gent le up s l o pe ~'i th l ow Cllt gra s s ba ck to 200 f ee t .

2.2 INS TRIDIENT PEPLOYMENT

E i ght micro ph ones Were deploy ed a t each s i t e : One e ach at

25, 31 , SO , 62 , 7 5 , and 1 00 f e et fr om t he c en ter of the nea r

tra vel ed l a ne a t a heigh t of 4 fee t above the surfa c e on whi ch

t h e )' wer e p l aced, Two additiona l mi c r o phones we re p lac ed a t the

SO-foot loc a tion , u t h e ights of Sand 12 f e et .

The data me a sur ed at each mic ro phone we r e r e c orded o n three

mUlti c h annel magn e tic tape recorders . The r e co r de d d a t a we r e

synchronized be tween r ecorders by a ti me c ode signa l simu l taneous l y

;



recorded on one channe l in e ach recorde r.

A Dopple r rada r s1s te. wa s used t o -enure the speed of t h e

vehicle as i t passed t hroultb t he . ea.ure_n t a rea .

Photog raphs were tal. e n of the vehicle u it .oved throu gh the

aeasu reeen r a rea uti li ~ ing a "Rohot Ca..era ." Onc e t r i ' l ere d , t he

callera wa s se t t o take eight photographs (one ever)· 1/ 2 second) .

The calle ra wa s t rf ltltered ..anually whe n t he v eh i c l e wa S with i n 50

feet of the li ne of .. ic r oph ones . This tri gger si;;na l was al s o

p r ese rve d on t ape by i nt e r r up t i n g the recor ded time cod" fo r a I

s econd i ncrement.

The photographs ~·e r e u s ed t o iden tify the t y pe o f ve h ic l e and

insure no ot he r vehicles were in t he aeasu relle n t a rea . They cou ld

a l s o be u s ed t o posi tion t he veh icle accur a te l y in t h.. lI..asure.. en t

a rea r el ati ve t o t he r e c o r d ed noise da t a.

2. 3 MEASlJRE~NT METHODOLOGY

Th r .. e t rucks supplied by internationa l tta rves ee r "e re dedica­

t e d t o this .e.5ur...... n t progra• • a long .. i th t ..o tanker tra il ers

f ully loaded wi t h .. e t e r . Th e vehte ie s were chos .. n t o e xe.pli ry

ventc i e s with v.rious t ype o f noI s e s ou r ce s dOlli nan t ( IH-39~ , e x ­

haust noi se ; tII.·866, e ngine and e xhaust no ise ; 1I1-8 4l, fa n no i s e)

during the J 3M h acce le ra ti on t e st. Tab l e 1 cont a ins summ. r y dat a

fo r these vehi cl e s . Co.p l e t e data, Inc l udi n g photographs, t i r e

tre ad dept h , weighu , etc. , a re lnduded In Appendix B.

Experienced IH test dri\·ers were assi gne d to spe cifi c trucks

fo r t he progra. t o e li.i na t e ope ra tor d iffe rences be t wee n s ites f or

the sa~e vehic l e.

Three tesu we re run on each vehicle: a n a.cce l era t i on t est,

a po ..er ~by t e s t, and a coa st -by t e st . Only t he acce le rat ion t e n

was run a t si te 1 because the r oa dw. y length was insufficient to

obtain high vehicle speed (55 .ph) .

To inc rease t he statis ti c al confidence of t he "e.sured da t a,

each t e s t on each vehiCle was r epe ate d as .any a s t hree ti.e s .

•

•

•
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In addition, mea~urements were made on transient trucks of

oppo rtun i t y .

During the accelerati o n measurements on vehicle IH-394 at site

10, it was suspected that the vehicle had developed an e xhaust leak.

The vehic le was worked on t he next day to correct t he leak and t o

repair a f au lt y rear ,,·hee l bearing. Beeau..e of t his unsc hedUled

maintenance vehicle Ill·394 ve s no t tested at site 6.

Measurements were made at t he 10 ,ites i n t he following order:

s i tes 1, 2, 3, 4, 9, 10, 6, 7, 8, S .

2 .3.1 Acceleration Test Per SAE-J366b

With the exception of site 1 (IH Tes t Pad), t h e configura ­

tions of t he test s ites did not necessarily meet the si te re ­

quirements of the SAE-J366b sta ndard. The bob t ail vehicles, how ­

ever, we re driven through each o f the s i t e s in conformance t o the

t est p r oc edure; i.e.,

I . An acceleration poin t "as established 50 f e e t before t he

li ne of mi c r o pho ne s .

2 . An end point was established 1 00 feet beyond the accelera­

tion point .

3. The vehicle, war med to no r ma l operation temperature,

approached the acceleration point at no mo rc than t wo ­

thirds governed engine speed .

4. Upon reaching the acceleration point (the fro nt bumper of

the vehiCle bein g t he reference point ) the throttle was

i mm e d i a t e l y opened to maximu m fuel condition, the gears

having been pre ,e lected to achieve maximum rated e ng ine

speed in the area 10 feet beyond t he line of microp hones

and the establis hed end poin t ,,'ithout exceedi ng a speed

of 35 mph .

The accele ration test was performed on both sides of the vehi­

cles a t s ite I and only o n the righ t s ide of the vehic les at all

other sites.

6
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At eac h of th e sites the acc e l e r a t i on t e s t wa s performed when

no o t he r ve h i c l e s were o n t he roadway . Thi s r eq u i r e d e xt r eme care

and preci si o n by the drive rs.

In general, t he test vehic les ",ere driven on t he ne a r t r av e l ed

lane (lane 1) ; Ilowever , at s eve r a l of t he s i tes, a s traff ic condi­

tions permitted, t he acce l eration tes t was a lso perfor med on t he

next lane o"er (lane 2) . Thus the t e s t ve h i c l e was mov ed approxi .

mate ly 12 f e e t fa rther awa y f r o m the micropho ne ar ray, e ff e c t i ve l y

changing the c harac ter istics of t he test s ite by adding 12 fee t of

ha r d s ur f ace between the te s t veh icle and t he micr op hone s .

TabulatIons of the peak RMS noise leve ls measured for the

three test vehiCles fo r t he ac c e lera tion tes ts per SAE·J366b pro ­

c edur es are t a bu l a t e d in Append ix C. Tab les C·l t hrough (- 10

c ontain data from sites 1 t hrou gh 10 , r esp ec t i ve l y . The speed

data tabulated arc t he measured speeds of the veh i cl es a t: (1)

t he acceleration po int , (2) a poin t directly i n l ine ~'i th t he

mi crophon es, and (3) a t th e e nd poi n t .

Ta b le s C-ll t h r o ug h ( -13 c ontai n the average and s t a nda r d

devia t i on fo r t he ab ove da ta f o r the t llree t es t veh icles : i .e .,

lH-843 , IH-866 . and IH -39 4, r<' s pec t ive ly .

Graphic noise level time hi st or i e s and 1!3 - octa"e band fre·

quency spectra of a s e l e c t ed even t for each ve hicle at f i ve of the

sites (1,4,7,8,9) for tile a c celera tion t e s t arc i nClud ed in Appen·

dix D. F igures D-I t llrol1gh D-5 .

The noise level time'history cons i sts of data mea sur ed at the

50 - foot microphone l oc a t ion. Indicated on t he chart are t h e accele·

ration paint (test vehicle 50 feet from t h e line of microphones)

and t he starti ng po in t o f a 1/2-second period of noi s .. data chosen

for spectral ana lysis . Tile 1!3· octave frequency spectra a r e t ab ,, ·

la ted f or these s e l e c t e d events di r ec t l y be l ow the appropriate

graph.ic h i s to r y . In addition the tabulations inClude tile c hange

ill t he no ise s pe c t r a , referenced to SO f e e t , as measured at 37,62,

and I OO f ee t, and analyzed over t he same 1/2' second peri od .

,



2 .3.2 Power -By!Coast -By Tests

At every site e~cept s i te 1 t he nois e emission s were measured

from eac h v ehicle during high sp eed pm.'e r -by and coast -by r uns .

~or these t e s t s , tanker - t r a i l e r s f ully load ed wi th wate r (70 ,O OO l b)

were coupled t o the t es t vehic l e s, and the tandem combinations were

tested at sites 2 through 1 0. For consistency, since only two

t ankers were a vai lable for th i s p rogram, the te st s were schedU led

50 that the s ame tanke r was always u s e d with a parti cular te s t

veh icle a t all site s .

~or t he power -by te st t he t a nde m combinat ion was driven p ast

the measurement site in the n ea r t r a ve l e d l ane (lane 1 ) at approx i ­

ma t e ly SS mph and at the max i mum governed engine speed .

The coast - by t est was pe rfo r me d by power ing each vehicle t o

a spe ed suff icien t to con s t by the measuring site, under its own

momentum, a t ap pr ox i ma t e l y 55 mph ( a l s o in lane 1) . The dTiver

was ins tructed to cut eng ine powe r a t a poin t 250 reet before t h e

line o f microphones .

Ta bu l a t i o ns of t he peak ~~s A-we ighted noise levels measured

fo r the t h r e e loaded test ve h i c l e s for t he power -by a nd ~oast - by

t ests are presented in Appendix E. Ta b l e s E-I th r ou gh E- 9 c o n ta i n

d at a obtained at site s 2 t hrough 10 , r e s p e c t i ve l y .

Tables E·I O t hrough E- 1 5 c o n t a.in the Il.verage and standard

deviat i on for the above data f o r t he t h r e e fully -loaded test

vehicles : lH ·84 3 with Tanker No. 14, IH-866 with tanker No. 14,

a nd l H·394 with t a nke r No .4.

F i gure s D- 6 a nd D-7 i n Appendix D con ta in g r a ph ic no i s e leve l

time - h i s t o r i e s of se lected e ven t s for eac h test vehic l e, as mea ­

sured a t s it e 7 for the loaded vehicle power -by a nd c oas t-by tes ts ,

re s pec t i l'e l )' .

The graph i c h isto r y c ons ists o f no i s e da t a mea s ur e d a t t he

50·foo t mi c r o phon e loca tion. Indicat e d on t h e e b ar t is t he s t a rt ing

point o f a 1!2 ·second period of noise data chosen for spectral

analysis. The 1!3 -octave frequency spectra arc tabulated for the

three test veh i c les direc t ly bel ow t he appropr ia te graphic hist ory .

a
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In a ddit i on t h e t abu la t i on i ncludes t h.. ch anEe i n the no ise spec­

t r a , refe r enced to SO fee t . a s lIeasu red a t 37 ,62, a nd 100 fee t , a nd

analysed over t he salle tn-second tille pe r iod.

2.3.3 Trans ient Truck Tests (Oppo rtuni ty Data)

Noise elliss!ons fro. t he pass-by of t r a n s i e n t tru cki nc were

. e a s u r e d at sites 2 through 10 . Ioleasurellents were taken of trucks

pass ing through t he .eaSUr"lIent a rea t hat were r e a s on a bl y " c l ea n" ;

that is, t r u c ks t hat passed through the lIeaSUrellent ar"a wi thou t

other traff ic or noise source wit hi n 200 fe e t of t he t r uck heing

lIeasu red.

Speed , t ype of vehicle and t yp e of e xhaust were r ec orde d f or

u .ch vehicle .

Tab l ..s F-l throu gh F-9 i n Appendi x F con tain t he peak R."lS

noise l eve ls measured for a number o f vehicles a t s i tes Z t h r ough

10 a t the ei ght ,"inophon e locat i on s .

s
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.5. I GESERAL

xrne hlgh...ay s i tes a nd on .. st anda rd 5AE-J 366b aeasur i ng sit e

"'ere s el e ct e d fo r t he purpose of t h i s program. The thre e veht c l c s

t e s t ed wer e c hos e n t o ex e mp lify vehi<:l es wi th va r i ou s types of

no ise sources domi na n t during t he low speed J 366b acce lera t i on

t est: veh i cles IH -843 , eng ine a nd e xh a ust dOlll i nan t : IH-1I66 , fan

doainant ; and IH -39 4 , e xhaust dOllinan t,

Vehicle IH -394 ...as equipped "ith the rela t ively quiet r ib- t y~e

rear tires ; vehic les I H- U 3 and I H- 81l l) "ere equipped "ith IU jj: - type

t i r e s and thus th ei r noise shoul d be tire-doainan t at highe r speeds .

The average noise level data , tabul ate d in AppendiJ<es C and

E, f or each of the dedicated vehiCles at e ach s ite , have be en

p lo tte d ve rsu s t he o ffset dis t anc e i n Append i x G t o ccap a r e t he

accelera t i on , po we r - by , and coas t by tests : i.e . , Fillures G- I

t hr ou gh e-9 , ve h f c Le I H-6 43; Fig ures G·I O t hr ough G· a , vehic le

IH - 866 : I'Igu:res G- 19 t hr ough C- Z6 , ve hi c le 1Il- 39 4 .-

These comparison curves sho... clea r ly , fo r ve h i c les I H· 84 3

and IH-866, t he e xpected dOllinanee of t ire noise during the high­

speed coast-by tests_ The SAE-J366b t est procedure "IS es t ab liShed

t o e li.inate . insofa r as possible . the effects o f t i n no ise du ring

t r uc k Ileasu reaents , since i t i s essen tia lly. aaxillull accelera tion

test a t l ow pas s by speed. ThUS , the J 366b m..asurellen U a t t he

s tand ard s it e (s i te I) und.. res t im a t .. t h e open r oa d (polOe r-by)

leve ls of a veh i cl e lO i t h con ven t iona l crossba r tire s by 3 to S dB.

I n the case o f veh icle lH - 394 ( wh i ch had rela t i ve l y q uie t r ib t i res

at all posi tions) , the J366b t e s t at si te 1 repre s e nt s r ea s ona b l y

...ell t he open r ead noise ehs r ec ee r Is r rc s .

•

•

•

•1;0 compa rison c urves ...ere dralrn f or si te 1 since insufficien t
r oa d....y lit t he standard site p reC luded lIak ing powe r-by a nd coas t­
by t e St S . So te also tha t nO data a re liven a t site 6 fo r vehi c l e
1H-394 .



•

•

.\.2 SITE CATEGORIlATION

The site s selected wer e catelorized subjectively as " h ard " or

"soft" (up to the SO·foot po int) as fo llows:

Sites 1. 7, 6, and! _ "ha rd"

Sites 4 , 10 , an<! S -sore-

Si tes Z, S, a nrl 9 - " s oft" [wi th l a r ge topo gr a ph i c a l changes)

The ~urface of the " hard" sites diffe r ed from the st a nda r d

site (site I , SMooth level a sphalt to SO fe e t , low-Cut gra s s beyond)

as fOllOWS' si te 7. concrete roadway with rough asphal t and loose

dirt to SO feet and beyond; site b, concre te roadway with rough

asphalt to SO feet and low-cut ,lrass beyond: site 3 . concrete road­

way with COncrete back to .\7 feet and short-c ... t ,rass to SO feet.

To c<>apare t h e s e "hard" sites to the standard site. the

averased acceleration data frOll Appendix C for each tes t v eh i c le

have been p lo tted ve r s ... s offset distance in Figures G-Z7 , G-30 ,

and G-33. These curves d irec tly compare t he effec t of t he site on

the ra ensur ed data for each ded ica ted test vehi cl e s. No

corrections have been app li ed to the data t o account for va r i a ticn s

in microphone height re htive to t he r oa dwa y. ( In all c a ses the

microphones "ere set to a height of 4 feet above the eround on

..-hich they ..ere placed.)

Note fro. Fieures G-27, G-30, and G-33 t ha t. through an offset
distance of 62 feet . the da ta for each veh icle are c lose ly e rouped,

exhibit In" differences relative to site I o f less than Z dB .

Beyond 62 f"e t. especially at si te 3. Iaree topographical chanlles

Can be sho..-n to Cau5e excursions In t he deca)" rate of the data.

In general. the c urves s ug ge s t t ha t site I i s t he l oudest, a nd

t herefore t h e h ardes t, of the s i tes to 50 feet . Alt ho ug h t he

c haraCler of s it e 3 c han~ed beyo nd 37 f e et ( concre te t o low·

Cll t RUSS) the se data depict it ,, ~ a hard si te i n good ag r eemen t

wi th site 1.

SI.llar curves for each t e st veldcle "ere drawn {Figures G·28.

G.31 , and G-H} t o co.pare the standard "hard" site (~ i te 1) with

t h e subjectively Classified soft sites (sites t , 10, and S). Sate

t he close groupin~ of the data fro_ the " s o f t " sites for each



vehicle. ,"O le also t hat through 50 fee t the l e,-e) s lIeuured at

sites 4 , 10 , and 5 "ere genera lly l ower t ha n the l e ve l s ( roa the

standa rd ha rd site; t here f o r e , the soft si te classification appears

valid, Again, no corrections were applied t o t he da ta fo r varia­

tions in lIicrophone height relath"e t o the roadway.

Average ac ce le r a t i on noise data frOIl sites l . 8 , and 9 were

a lso plotted (Figures C-Z!I , C- H , and G·35 ) t o cOllpa re data f n r

each vehiCle ve rs,.is t he s tandard site , si te I . Be c aus e o f

site topography and lIic rophone height r e lat i ve t o t he roadway ,

t he r e is ec reasonab le grouping of the d a ta .

Sillila r CurVe s t o t he above could. be d rawn for t he power 'by

and coaH-by t e s ts fo r e ach ve h i c le . wi t h e S"!'n t i a ll y sililla r

r e s u l t s .

3 .3 S! T[ CORRrCT IONS

To oh tai n correction fac tors whi c h reflec t t he effec t o f t he

e t t e on th e m<,asllred no i s e da t a, t he acce ler ~ t i o ll dat a mea surod

at 50 feet f or all t h r e e t e s t ve hicl e s ~" ere a\Cer a ged t o geth e r . The

d i ffe r e nce in t he a ve r- ag e l evel rc Le t I ve t o t he ave r a ge level

lIeasured at t he sta nda r d si te (si te 1) .."as p lo tted i n F i gu r e 11

(uncorrec t ed curve) " For t ile purpose! of t h i s p lo t t he data have

been ,rouped bv t he sit e ' s subjective " hard" t o " soft" character-

t s t tc . The posi tion of eaCh Site On t he a bs ciss a of the chart was

de ter.ined by t he deviation o f the aic rophone height r e l a t i ve t o

a reference plane 4 f e e t above t he level of the roadw ay. (Coas t-by

and pO"'cr_by da ta e re shown in Figure l.) A plot o f t h e .ic ropbone

he ight d..v1ation f r o. t h i S r efe renc e p l a ne is included in Fl,u re

>b.

xet e tha t t he uncorrec ted da ta fo r t h e "hard ' s ites are in

good a,Teeaen t wi t h each o ther, Wit h the e xcep t ion o f da ta f r oll

sites 5. 8 , and 9, the uncorrec ted " s o f t " s i te da ta a l s o acree with

~ne another and are approxi~ate l y Z.Z dB below tha t lIeasu red at

t he hard site.

"

•



S ITE "'.',UJ:l\" "soFT
<• ., • , • , , .. z , • •• .

•
E • • CORIlICTtll. <

" =:;i • UI'ICORllIcnll
< "''"'
> • --=~,
••>••
• .,
•-
~

•
.,

(.,
.,

<
0

"<
>
5..- ••".,.
•
•

.,

",
Fleu re I . Dev i a t i o n Cu r vl!5 U 50 f e e t Cal Ave r age Acce l e ra t ion

Noise Level Dev i a t ion Reference t o Level at S t anda rd
Site I ( b ) Mi crophone Heieh t De ,· i a tion Refe rence t o a
Plane 4 Feet Abo ve Roadway

13



S In: .~O.

"HARD" "Son"
i t e ,

~
, ic , s a s

ez

~ ,

~ ,

r-,""""

(.,

• CORRECTED

c m;CORn ECTED

<
"" •• , ~ •" ..
0 ,- 0

" •< ,- "> ,
• "0 '", z· · "0•>,
0

•"-0 "'<

(0)

Figure 2_ Devi a t i on Curves a t SO Feet (al Coast-By Tes t - Average
Noi se Level Deviation Re fe r ence t o Level at Site 7
(b) Power-By Test - Average Noise Level Deviation
Reference t o Level at Si te 7



•

•

S i nce da t a are a va i lab le at the 50 - f oot microphone l ocat ion

i n the vert ical axi s (microphones at 4 , 8, a nd 12 fcc t above the

g r ound) a correction was obta i ned and app li ed to t h e above

Curves to correct the d a t a fo r the difference s i n microphone

hei ght . To obtai n t h e s e correct ions, the d a t a measured a t t he 8­

a nd 12- fo ot h igh mic rophone s for al l three test veh i Cl e s h ave be en

avera ged tog e t he r and the d i ffe rence re la tive to the a vc r a g e leve l

me asur ed a t t he 4 _f o o t hei g h t p l o t ted i n F igure 5a. The data have

be "n I(To uped hy site as a bove . Th e s e curVes giv e a measure o f the

c han ge i n t he noise data wit h he i ght above the microphone s e t at

4 fe " t a bov e t he g round a t e a c h measurement si t e .

Data measured at t he 4· foo t mi c rophone ~' e re corrected for

t heir devia t i o n in hei ght r el ative t o a plane 4 feet above t he

road~ay hy li ne a r interpolation between the.e curve. ( Fi g u r e 3a ) .

The corrected cur ve t s p lot t e d in Figure la o S inc e all th r ee

microp hone. at 50 feet a t s it e 9 we re in e xce s s o f 3 feet above

t he 4- f o o t r efe r e nc e pl ane , no eorrection~ we r e po , sible by the

ahove ~cheme , a nd ~i te 9 is d i s <j ualif i ed fro m f u r t he r a nalysis .

As shol<ll by t he corrected curve o f Figure I ll. hard sites 7

and 0 rema in i n go o d a g reemen t wi t h t he standard hard s i te . S ite

3, however , shows a co r rec t i on o f 0 . 5 d B i n t h e direction of a

l e s s hard s ite . wh i c h tends to a g ree with the physi cal confi gura­

tion of t he site wh i ch ve s pa r ti a l lY g r a ss to SO feet . Sites 4 ,

10, a nd 2 a r c in good a g r e emen t with one another and s how a CO r ­

r ection of 2 dB in t he direc tion of a l e s s noisy or " soft" si t e .

Sites 5 and B show a c orrec t ion of 2 . 0 d B i n t he direc tion o f a

less noisy or so ft site. It was expected that th e corrected c u r v e s

for sites 5 and 8 wou l d be in closer agreement wi t h those for s ites

4 . 10 , a nd 2 . However , it i s not ed tha t t he brea kd o~ll lane at

sites 4 , 10 , and 2 a dds 1 2 feet o f a~pha lt bet we en the s ource and

mi c r o phone , whereas at sites 5 and B the b r eakdown l ane is a soft

shoUlder made Up of gravel wit h loose pebbl es . Th i ~ , in addition

t o the f:tet t ha t both s ites 5 and S we re depressed a t So feet and

beyond , a nd tha t site S ~' .~S covered wi th high coar 5e g r ass and
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wo:eds. cou ld cause s ite 5 and 8 t o a ppea r "soft e r " t ha n si tes ~ ,

10, and Z.

5 i.i lar Cu rves for t h '" coast-by a nd pow" r-by t e st s ha ve b",,,,n

plotted in Figur",s 2a and b .nd corrected wit h t he elevation data

curves o( Figur'" 3b a nd c. These Curves ha \-e been plot ted using

t he data at si te 7 as a r e f ere nce s inc .. no power-by and co.n-by

t e s t s we r e po s sibl e a t sIte I. Th" above accelera t ion d.. t .. sho"

that s ite 7 qual i fies ...s a ha r d s i te i n e xce llen t ag ree.ent v l th

t he standa rd s i t e (s i te 1) _

The cor rected curves ( o r t he coas t-by and po...e r-by data a t

50 f eet a lso show good. agreellen t be twe"n hard sites 7 and 6. S il ..

3 I. aga in s ho ...,., to t end to.... r d a so f t er s i te. As .. l th the accel­

e ra t ion da u p lotted in Figu rl! la , t he coast -by and power - by da ta

for s r e e 4 , 1 0 , and 2 sho... good agre e..ent to one ano t h" r , ...1t h

s t r e s 5 and 8 t"ndin !> t o wa rd be ing 1I0re 'oft .

Witho u t simil a r el e va t i on da ta a t o ther offs e t d is t ances it

i s not possible to pI o t .. nd c o r r e c t s im ilar curves. Howev er, in ­

srec t io n o f data from se lecte d s i t es .. here the microphone heigh t

... s r ea s onably close t o t he 4_foot r e ference p lane lends c rede nce

to the above anal y si s. fo r ex amp le , at si tes 4, 10, a nd 12, t he

IIlcrophones offse t 62 and 75 f ee t were within I f oo t o n t he 4 - f oo t

re ference p lane , a nd the uncor rected da ta y ield an avenga soft

sitl! cor rect ion fo r th~ powe r-by data of 1. 8 and 1_9 d8, respec·

tlValy , ve rsus t h" uncorrec ted hard s i t .. d a t a o f site 1 . (No te

th.. t si te 1 ...as s ubjectively hard to 50 f e l!t and soft beyond.)

Only the aicrophonl! a t 37 fel!t a t si te 4 was close to t he 4_foot

rehrence plane: here thl! uncer r e e ree da t a y ield a 1.4 dB so ft

site cor rection.

Based on t he above dIscussion it appears reasonable to .. pply

cor rec t ions t o _ easured no isl! da ta t o account (or t h e physica l

_kaup of the . easur ing Site. It is fu r the r r l!a s o n a b l l! t o chssi fy

thl! si te subjl!c tively "hard" or "soft."

Classi fication o f t h l! s i tes in th is ..e a su re.en t p rog r a.. .....5

initia ll)· app l ied in a gross aanne r a s f ollOW S :

Sites I, 7 , 6, and 3 "hard"

Sitl!s 4 , 10 , 2, 5, 8 , a nd 9 "50 ft"

"



(~ite 9 has s ince boon di squal ified because the microphone s a t SO

foet were in excess o f 7 fee t a bOI' e the road,;ay.)

As in the case of site 3, no t all sites a r e t ota l l y ha rd Or

"ven tot"lly soft. A si te should t herefore be cl a s s i fi e d s ub jec t­

i velyas to i ts predomina nce between the roadwa y and tho measu r ing

p oint . So as no t to penali ze un f air ly t he mot or car r i e rs in

the cas" of h i g hwa y tests , a site s hould be classified as " pre ­

dominantly hard" i f at le ast SO percent of the s u rface o f tho

me a s ure me n t (lrea ee eveen the microphone and t h e r eadwa y i s hard .

Lesser amo unts "'ould l ead to a "pr edominantly s of t " category .

Once cl a s sified in this simp l" man ne r corrections app l i ed for

h i g hwa y test (power-by) a t SO fee t would be:

a t 50 feet

lIa r d s it e s ,, 7 , 'od 6 c ee
Pred omi na n t ly Hard s ites 7 c as
Ptedomi na n t ly Soft sites ,, '", " d 7 2. 0 d ll

Sof t s i t es s 'od 6 U aa

", s i to Classifica tion "d correc tion , based ' 0 ", lim i t ed ,
infoTlnrttion a v a i l a b l e and assum i n g t lla t h eight corr ect i o ns of

Fi gure 2 hold a t o the r o f fse t d i s t a n c e s , wo uld be :

a t .;7 fee t

Ha r d s ites L 7 , 6 , "d 7 o "Pr ed o minant l y Hard s i tes (non e) c aa
Pr ed o mi n a n t l y Soft s i t e s ,, '", a nd 7 U ue
Soft s i t e s s ,,' 6 7.6 "

Nc t e t hat because of the p aved b r e a kd own la n e , sites 4 , 10,

and i. are a pproach ing tile 5 0 percent limi t imposed above for a

predominantly hard classif icat ion wi t h the mi c ro p hone set a t

37 f e et.

a t 7S feet

fla r d

Predominantly liard

Predominantly Soft

Soft

Sites (none)

Sites 1 , 7, and"

Sites 4, 10, and 2

Si te 5 and B

ra

o "
o ae
I. 0 dB

1. S d B
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Site 3 has been disqua lified because of s i te t opog n phy at
7S f eet .

On the ha5i s of the dat a fo r t he SO·foot lI ic rophone positi on,

It w0111d a ppea r that the 2 dB co rrection factor betwe en " hard" and

" s o ft " t e st 5i tes (i .e .• " hard " sitl! da ta lIinus l dB equa ls " s o ft"

si te dau o r v ice versa) con tained in t he DOT Interstate ,",at or

Carrie r Noise ElIiss ion COllpli.nce Recu ta t ions is reasonab le .

,\dditiona l questions ...hlch ne e d to be i m 'e st i gated hl1 t wh i ch

were not speci f icall y add r e s s e d , n t h l . H udy Inc lude : ( I) the

s u f f i c iency of a si ngl e corre cti on f a c t ln whi ch appli e s t o a l l

mic r opho ne positions once the si te has he e n determi ne d t o be

either "hard" Or "soft" a c cord ing t o t he cr it er i a es tablished in

t he DOT cOllp tianc:e r e gUlat i on s, and (l) the possib le need to expand

the class ification o f te st sites , e.g., ha r d , pudosinan t ly hard,

p redosinan t ly soft, soft, e cc., a nd estab l ish corr.. c tion fac tors

fo r e ach catego ry.

Da ta f rolll th i s ~tudy prov i de somc i n sig h t i nt o t he ~ e p ro h le m

a r e a s . ~or ins t an ce, i f t he he i gh t correc t ions s ho wn i n Fi gur e 2

fo r t he SO-foot lIic rophone loca t ion are con s idered to ho ld for

othe r ofhe t d is tances, t hen the actual cor rection fac t o rs t o be

app lied would be di f f eren t for e a c h offs .. t dis tance. Si nce the

Inte rvening t err ain is different f or each lIicrophone position, t h is

'''1.'11 5 II rea.onable conc lus ion. Also, it wou ld appea r t hat t here

is 50111.' meri t t o fu rthe r s ubdiv i d i ng tes t s i t e s in o rde r t o be t ter

desc ri be their Characterist i c s .

spec i fica lly de~ iltned t o addr~55

fo re lIo re d~f in it i v e eene rcs tens

Obv Iou s l y , a dd itional r e , earc h

the s e Ilues tions is nec e S5ary he­

c an h~ d r awn .

19/20



TA8LE A-I.

APPENDIX A

SITE DE SCRIPTION, PHOTOGRAPHS , AND

TOPOGRAPH ICAL DA TA

SUMMARY DATA· S I TE TOPOCRAPIIY AT MICROPHONE
LOCA TIO NS . FT. WAYN I! I N. JULY 10 - 20. 1974

I

S ITE ~O _ DESCR IPTros M I CROPHO~E ELEVATION WITII RESPECT
STATIOS TO ROADWAY

I- III Test Site zs -0 _29 "Std . SAE-J366B 17 - 0.23 "Measuremen t Si te 50 - 0 . 25 "62 -0 .15 re
rs -0 .0 z "'00 - 0. !S r,

I. Wci gh t S ta tion as - 2. J t f t
1-69 ~orthbound 17 - 5 .08 "(Cras s t o 62 " ood 50 - 2. 52 "c e.ent beyond) 62 - I .04 "" -0 .77 re

'00 -0.29 ",. Rest Area 1-69 rs - L OS "(Cellen t ec 17 " ood 17 ·1. 75 "gras s beyond) 50 - Z. SB "62 - 3. 85 "rs • . 58 re

'"' . ~ . 00 "e. Sc r vi c e Road Area as -1 .99 ", ec tes South o f 17 · ... "S i te , 50 · . n "(Gra,ss ,. " ". ,.. 62 • ." ""p " '"' " ood " • . 17 re
g ras s bcyond) 100 - . 2> re

S. !ot i d,,·c" t Crn Life Ins. 25 -2 . 33 re
U. S. " 17 - 3. ZI "(Gr a ss) 50 - 3. 77 "62 - 4 . 46 "" • 5 • I J "'00 -5 .71 "



TABLE A-I . SlOOoIARY DATA - SI TE TOPOGRAPHY AT
~ICROPHOSE LOCATIONS ( CO~I I SUED )

SI TE NO. DESCRIPTJOS "lICROPIJOSE ELEVATION WITH RESPECT
STAT ION TO ROADWAY

•• U. S . 30 Rest Area zs · ." "(Ce.e n t r oadway. ,,,
" · . 73 re

", t o SO " and grass " -1. 11 "be yond) " -1.&4 "" -1.43 "100 · .U re
,. U. S. 30 fi Iroefle r Road rs · ." "Cros s r o ad . hard " · . 5 7 re

packed dirt. " · .9P "" • I .33 t e

" -I. 64 re
10. -2.05 ",. U. S. " Ea s t of " -3 . 72 "S i t e 5 " • 5 • 5 7 "(Grass) so _6.4 4 re
sa - 6 . 27 "zs · (,.51 "100 • (, . SO "

9. 1·69 1.2 ~Hle South as . 2, 37 re
of Dupon t Road " • .n "( Gr a s s ) su +3 . 0 7 re

ea "2,87 r r

" .. 3.04 "10. +3 . 0 9 "
10. U. S. 30 and 1-69 as • 2 • 1S "" -3.53 "so - 1. U "" • I . 08 f t

" · ." re
10' • .n "

aa
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TAB!.E 1'-13 . TEST VEHIC LE [11 -343 - AVI'RAGE l'.~SSB Y READ INGS - COAST -BY TESTS,
FT. WAYNE IN , JlJLY 10 - 20, 1974

"Iff. TABLE LASE An , RfA OT%S ' TD. on'. - dBA R[ , 0 u P. fIEASURE O,\'1
NO. ~O. NO. as H l? FT S~ FT 0 1 FT rr 10 FT • r r n FT 5~ ! 6~ T co I sr

1 E_ l I 95 . 7 ~1 .6 Sl.' "\ . 7 8,.4 8 1. J ~ ~. S 90 . 3
0 . 1 0.1 0 . 1 D.G 0.' 0. 2 0 . 4 0. 1

l e- z 1 9l .' ~ _1 .~ 08. 3 il.9 ~ \ . > 83.3 8&.8 89.0
0. 4 . O. S ~ . 4 0 . 5 . •

• e-s 1 9 ~ .9 9': . 1 ea.o Ro.' n.] ' 9 .~ eu.u
".R 0.1 tl.1 n.e 0.4 · 0. . 0.0

S F. ·I I 9 3.4 S9.5 8~.~ 8J. S 80.1 1 7 . 1 ~ l.i ~7 .3

0. 4 0.1 n.e 0.4 0.0 n . 4 0 . 1 a.e

1) [, E_ S 1 9l.8 9 1.1 9 V .~ 3 1.3 84.1 Bl .5 sa .3 sa .,
0.9 I.V a.1 0 .\ 0.' 1.5 0 .6 0."

6 E-, 1 93.(, 9 1. 1 "9.' 31 . l 84.9 83. 5 85 .9 ~8 .~

1.1 0. 6 0.4 0. 9 ~ . T I. Z z,1 0 .,

7 [, ·6 I 94. 7 g Z.1 90. 1 S'. ~ M . 9 RI . ' 8 ~ . '
0.6 O. J 0.\ 0.2 ~ .4 _ 0.\

8 £·1 I 91.9 67 . 1 S4.' " .0 61.9 ~O.3 86 . l a 7.S
0.' n.1 0 .1 n.1 . I . ' a.1 0. 7

9 E·a 1 H. 4 9.1.8 9 1. \ a s.6 Rl.4 77. ' 3 1.1 90.6
1.1 0 . 9 1.0 n.s 1. 1 1 . 0 0. 9 J. I

10 F I 93 .7 ~9 .l 87 . 4 a s. I e a.a 79 . 9 11 9 .' SR. 7
0. 1 n .l 0 .1 n. a 0 . 3 n. l 0 .6 0 . ,

(I ) With T."hc ~o . ~ , AI , O t h~u ~' i,b To"ker No. i4
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TABLE E-I S . TEST VEHI CLE IIj-394 - AVERAr.E PASS BY REAIH~r,S - COAST- BY TES TS,
FT . l~A Y N t! IN, .nnv 10 - 20 , 1974

S ITE TULE lA~E AI'E • READINGS STV. ~F~~'" uPo ~EAS\l~ .\ T

P" P"~O . '" so. '" H H >0 r . , FT, • . •• .
, F. · I , 87 ., eI. s 8 0 . 1 7S •6 76. z 7' . ] " I. ~ 31 . ,

0.' . 0. ' "-' .. , n ,

, E-2 i S8. I S•• 6 S ~ . 5 n, l 79 . , 76 . , B1 . 1 3Z . ;
n. , 0.' 0 .' o..' ' .- ••• 0.; .,

, , , , 68 . 1 S4 . •' 00 .' 78 . \ ' ; • 7 1:1. 6 SLS S.l , 0

0. ' o. J •• • 0.' .. , J . 4 •• • .,
s ,., • 87. 5 8 3 . ! 79 . 7 77 .1 74.7 7, . l " l . D ~ l ..1

0.0 o. r "-' 0.' 0. ' 0. ' "-' II , l

0 sn llATA

, ~ ·6 , .7. 5 es . l ~ I • , 79 . 9 71 . , 'S . " 8l. l i l , &

0.' 0.; ~ ., .., "-, ,., "-' .,
-

f.- I , 81 . .J al. 9 ~D . " 71.5 7•• 7 74 • 1 81. " ' l. 1

' .' ••• o , .., o. , 0' 0 .' ~ ..,
• ... • S7 . ., S6 . 4 ~ :< . s 19 . n , S . s 7 1. S 8 :<. > ' 'I. :I

" . l D• 5 0.' .., 0. ' II • 7 ••• ' .'
'" f. · 9 • S7 . ; ez. ~ go • 1 7 S . , 7e, 5 7 J . , ~ 1 . ~ i 2 . 1

0.; 0 ' o. , "-' 0.0 o. J o.z 0. '
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TAIILf. E-1 4 . TEST VEHI CLE 11 1- 8 6 6 - IIVF. RACI: l'ASS II Y IIEAlIl XGS - COAST -IIY TESTS,
FT . WAYN E I N , JU LY 10 - 20, 19 74

S in: TA~ I.t I.AS~ ~\P±:~ISTD . DfV. ~ ~ A:::!fu W U~~ASm AT

=~
an. '0. no. ., ], . I , 9 l . ~ ~ 5 . 9 16.6 II • 6 ~ l. 1 I e.1 17 . ~ U . 6

••• c , , .., e , , .., .. , ••• •••,
'"

, H. l ~J.l U.6 B.I H. 1 00. T " .6 " .5

'" ". ••• •• • '" '" Lo •••
• ••• , 1 1.9 I~.~ 16.1 U. I Il. I 11. I 11.' ".1

D.! ••• ••• ••• • • ••• .., e. ,
, •• • , 9! .l 11. ~ 8 ' . I I Z.O " .0 16 .9 ss . a 16. '' .. .., .., n . , ". ••• o, , 1 . l

" Ii . I , 9 _I. J 9 1. 1 ~" , I 16 ,1 ". n ~ I . ~ i i . 6 8 ~ .9
n. 9 '" '" •• • u '" ". n••

, 1' ·0 , 9'.' 9 1. 7 I e. 1 1<>. 1 n . 1 1 1.2 11 .1 17 • 1
O. a ' ., .., e. , e. , ••• r.e •••

• ~ .1 , 9 1 . 1 11.0 1.. 1 fl . l to .1 ". Z 15.7 16.9•• • ••• ••• e. , e. , ••• ••• ..,
• I, · • • U. ! 92. I 19 •• H.' IU . l lS.l II. ' ".7••• ••• ' .. .., '" ••• e. , ..,

to E·g , • •. 0 88. 1 10 . I I ~ . , I l. , 1 0 . ! 17 .s U.l••• 0.1 •• • .., 0.1 • . s o,s •••



APPENDIX F - MEASURENENT DATA - OPPORTUNI TY DATA - TRANS I ENT TRUCKS
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TABLE F- L sin: J _ OPPORTUNITY DATA, FT. KAYNE IN, JULY 12, 1!l14

'"'"..,,,,
' "...
'"..,.",,,...
'"..... ,,.....,..,..,.....,..
" .....,..

-->

..,,,..
,,,
"""""""",
""""""""""..
".,..
"..
"..
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".,"..
~.w
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'",nm

1
'0
'w,
'",W
m

I :::,n
",.w
"'-,n
'I'"

'".w
m
M

,..."..,...
."

."... /1 " ••••.".. ,
•11,,,
.1'''.
.,,",."..."..
. 1 ..., ..,..'.,....'.".. ,. L•• ".,."..
• iI• •... ....,-­.""• f1 .....
• to••.".,.,..'.,..,-,....,..'.1- '" ,.,.,...... ...

t-T,,,,
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"........
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"I".."
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"........
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" .j.. "".,
'" "

.,...,",,
"l."

,..,.,,.,." .," .. .. . " , 1

Nole : ( ) a Tou" ..J l e ve l ind ica te s pea k level tabulated r" , ,, lt lld
froll ec re t lul n o ne t r uck i n l a ne 1 pas5in~ thTOUllh the
IIC'."u Tellent an'. in c lose proxilli ty t o one anothe r; I .....
eveRts 62 and b3
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APPENo n H - DA TA ACQ UISi TI ON AND REDUC TION SYSTEMS

H.l DATA ACQUIS ITION

Figur" II-I depicts tile no ls" data ~ a t ll er i ng srste.. used a t a ll

10 test s i t e s in FoTt Wayne , Ind i ana .

AnalOi data Werc rec orded on t hr e e ..ultich.nnel instrumenta­

t i on t a pe r ec o r de r s . The lIeasu r ell" n t a nd r e c ordina sys t"lI s W"re

enen tially fl a t frail 30 Hz t o 16 KHz with a dyn... i c ra nge of

5S dB. Th e tape recorders " ere synchronized to one another throu,h

3. tillle cod e signal r ecc r ded on One channel of each recorder.

At the beginning o f each reco rdinll a s hor t v"Tbal annot a t i o n

was record ed o n each r"c order ,l;vio& date , l ocation, tape

nUllber, tap.. recorder chann els u sed , pos i ti on o f "lc ro pho nes , and

lain s ctt i n& fo r each cha nne l.

Ca l ib r:l t i on signal s o f 100 0 Hz a t a l e\"'1 o f 114 dB r e 20

mlc ro -Pa s cnl were re corded on t ape a t 1I0uTly i n t e r va ls t o provide

a r e fer enc e l eve l fo r t he data reducti on i n st ru."n t a tion and t o

de tec t a ny systell insta b ;l i t y. The c a l ib r a to r was p la ced on t he

lI ic rophone and the resu ltant slana l at the s pecified s ound pre s su r"

l eve l " a s fe d t hrough t h", syst" .. and rec orded on tape. In add i ­

tion , at tile beginni ng and ...n d of the measur ..m... n t <l a y, a pas sive

at c rephcne s i mul at or ...a5 subs tituted for t he lIi c r oph one t o det er.. i ne

t h e . in illull d isce r nabl e sou nd p r e s s u re leve l ( no i se floo r) fo r

each s yst e.. These si&nals "'''re a lso pre sen'ed on tape .

The .easu Ti n& and a na lysi s svs eea s cenrere to the r eCO"en~

dations made in the Int ernati onal El ectrotechn ical Com.. ission

( I F.C ) Pu bl i c a t i on ~o. 179, "Precision So und Level xeeer s-' and IEC

,,"0. 225 , "Oc t a ve , lIalf - Octave and Third OC ta ve Band Fi l te rs fo r

Anal y s i s o f Sound s a nd Vi brat ions ."

Real tl.e I np ie l e vel hi storie s lIe re produced f r o. the da t a

lIeasur ed at 25 , 50 , and 7 5 feet. Us i n& these graphic his tor i es,

a deteTllination was ,"ade hy on- s i te in spection of wlle ther t he

eve n t s e e r e tru l y f r e e of e x t r aneou s sound sourc es.
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The ~raphic l e vel r ec orders and t he t a pe r ec orders "'e re a ll tied

to t h C! nile re.,ote s ta rt/ stap swi t ,: tI; t hu s til e an line hi s t o r y

,:ha rn cou l d be u se<t t o loc a t e a n" iden t i fy the r eco r dcd even t s.

A por t a b le Doppler rad" r sy s t e a wa s u s e d t o ,"c aS urI' vehicl e

speed tll rough t he aeaSureaent area,

To suppl"."nt the manual r e cord i nl of vehic le cc nf l gu ra t I ons

and speed i nfo rma t i on, an autoaatic c aaera sys tea was deployed,

The c;l."ra, once triage' r ed, was se t t o t .lO ke e'ight ccnseeueive

photoaraptls {one e very o ne-h.lOlf second} of t ile lIe;lsu rlng s i te .

The CII.e'fa was t r i ' l e r e'd .anually " he'll t he f ron t bunpe r of t he
the veh icle t o be .easur ed ,.. a s l ined up wi th predet e r ll i ne'd "ac ­

celera t l on poin t" of the measu r i ng site. The t r i gge r s igna l Wa S

preserved On tape by in t e r rupting t he r e c or<l e d t i me code si gna l fo r

a period of 1 seccnd . (Se" sequenti al pllo toJ;:raphs , Figure H-2 , of

test \'eh11: 1e IH-394 during a power-by tu t lit site' .3.) 'fo t .. t hll t

po s it;on, speed, veh i c Le confiJ;:urlltion, lind posi tion of e~ t raneous

noise ,"Ourees could b" e xtraC led f r o. t he' se r t es . The' c lock Insere

was 1I1so ,ynchroniled t o t he record"d t i a e code . i g, n3 1 .

11 .2 MTA REDUCTION

The' con f i gu r ation of tn e noi s e dat a r e duction s ys tem is snown

I n Figure H- 3. The noise' da ta pl"s the calibr<lt ion signa l , r ,, ­

co rded on magne tiC t ape at t he lIeas"ring, si tes . were reproduced lind

r ed to 1I General Rad io (GR) 1921 R"al Tille' Analysis Syste'a lIade' up

of a GR 19Z5 Multifiller a nd a GR 19 26 !otultlchannel RHS Detec tor.

The nccess3ry gain adjus taents we're a ade in the aultifil te r and

g, raphic 11"·1'1 recorder'w i th the' calibration signals.

Tile' GR 1925 lIul tifil te r contains a Se't of 30 pa rallel 1/3

oc tave f ilter cn cnne r s ran g i ng fr om 2S HI to 20 KH l , plus a ddit i cna I
channe l s ~' i t h a stan<l a r <l "A," ~'eigh t ing net~'ork, an <l an unf il tered

channe I wi th a flat f r eque nc y response "~ ." The OCltpUt of the "A"

we igllted channel ..-as se lecte<l and fed to tile GR ISH llTaphic le'vel

recorder to prodUCe' a ellart of noise level ve rsus tiae' ( ti--.e' lIi'to­

ry) of all the r ecc rded da ta. Tbe I'eao. R..\lS levels tabulated ..-ere'

obt;llned froll these' charts,
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The graph ic level recorder wri ting speed was a d j u s t ed using a

precisic n s ound l e ,ee l me ter as a s ta ndard. The type 1 s ound lev e l

me t e r chosen had an o~ershoot of 0.5 dB on the " f a s t " meter response.
Us ing dat a recorded during the a cc el er ation tes t s a t SO fe e t, the

wr iting speed of the graphi c recorder was adjusted to produce s t a ­

ti s i t i ca l l y equiva lent readIng s as obtaI ned directly from the sound

l ev e l meter. The writing speed selected was Z5 dB per second Or a

0.2 seconds time cons tant o n the 15Z3 graph i c leve l r ec o r d e r .

All outputs from the multi filter a rc fed int o t h e multichannel

detector. The detecto r samples and computes the RMS level in dB for

each channel for the selected measurement period and converts t h e s e

l eve l s to d i g i t a l outputs which are red to t he Kang 700 computer for

st orage, processing , and printou t on t h e tele typ ewrIter . Si ng le inte­

gri'tion or measurement per iods are ad justable form 1/8 to 32 seconds .

Selected events were nnn l y zed for their 1/3 octave freque ncy

spectra versus offset di s tance usi ng data measured at 50 (eet as a

reference. ·The multich"nnel detector "..as set to integrate for a

1/2 -second measurement pe riod. Tlte col nc.idence circuit of th e

Oatum 9300 Time Code Reade r , usi ng t he re eo r ded time code s ignal,

was set to initiate 0 liZ-second measurement per iod around t he pea k

le"el of the noise envelope measured a t 50 fe e t . The start o f the

t ime period ha s been no ted o n t he gra ph i c tim e hi s t o ry for t he 50 ­

foot dara (F igures 0 -1 t hro ugh 0- 7). The digitIzed output of 29

c hannels of the detector (31.5 Hz to !l.5 kHz plus Fht and "A")

was stored in the Wang Compu ter. :>oise data measured at 37, 62 ,

and 100 feet were also analyzed oVer t he i den t i c a l liZ -second

period using the recorded time code sIgnal a nd t he same c o Inci den t

time as used for t he analysis of th e 50 f oot data . The digital

outputs of the detector for each of these were n t s c stored in the

Wang Compu ter . The computer ,"'as t hen prog r amme d to calculate and

p rint out, i n tabular form , the change in sp e ctrum ve rsu s offs et

d Ls t ance ·using the 50 foot data as a reference. rSee Figures D-I

through D-7.)
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APPE ND IX I - ME TEOROLOGICAL DATA

SITE DATE TEMP. RI::LATIVE BAROMETR iC WIND '"NO. " 11lL'l1 0 I IT PRESSURE VELOCITY

• -". ,
DIRECTION

, 7 - 10 -7 4 71 -7 6 66 - 72 no a.a Sunny,. Sc atte r ed
Clouds

z 7-11 -7" 75-80 38 - S9 m 5-12 Sunny
sa Scatter.. d

Clouds, 7-12-7 4 69-8(> Zl -58 '" H Sunny
se Cleur

, 7·13 -74 77_84 43-50 no ,-, Sunny
s

; 7-ZO -74 63-79 63-79 '"
,-, Sunny,

e 7-17-74 65-80 38 -61 745.5 H Sunny

", 7-18 - 74 76-8 4 47-50 m 0-; Hazy

", 7 -19 -74 76-81 41- 71 '" c Sunny

, 7-15-74 15-80 31-48 738 0-1 Sunny,
" 1 _16_74 70-78 4Z· 66 '" o Sunny

S"a tte r ed
Cl oud s

100 o;optes
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