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Of the fundamontal theorems of mathematics "the ghortest
distance botween two points is a straight line" might soem a strange
choice of subject to prosont dofore the profossional organization af_
traffic engincors., A public opinion voll of what wo refor to in ané.;
grand mass as "the teaffic!, baget with ono-way stroots, multis ‘
colored lights on busy cornocrs, ovor-loaded parking places and traffiﬁ
paliiatives rothor than traftic solutions would undoubtodly bo
unanimous in the conclugion that such a simplo truth recolves no
ncceptance by the traffiec onginenrs.

But 1t would bo o now thought to most of thio same public if |
confronted with tho fret that overy traffic dovico of o rostrictive
nature had been produced to offsct somu characteristic of humon
bohavior on the stroets snd highwnysg, v , ) ,

Traffic engincering bne hod to dovolop itg yrncti¢0é w;#h ﬁll‘Elw
faetors running wild, The shertcgt disbance to hopod-for trqffic
saf oty has had to be largely a scrics of oxpedients to moot acute k
conditions, but thore ig tho compelling ﬁrgc to move a8 rgpidly'as
possible into the Cield of gronter cortninty founded upon aﬁaquate“
resoarch., So the roal shortest distanco butwoen the two points of

present troffic engincoring practices and of traffic ongineering
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perfection within attainable limits, is a long, painstoking
intelligept effort ﬁo measure human behavior, and upon the
facts iofguidé, guard and cdnfrol.those who ﬁse our public
ways, yet permitting'méximum freedom of their movements.
Rescarch studies of the vehicle in motion have not
.kept in step with rosearch work in other phases of the highway
engincering field and as a background it is nccessary to touch
upon the currcnt trends of vehicle production and highway usage
that carry indications of major importance as to the dimensions

- of the problem on a notional basis.

Numbers of Motor Vohicles
"in thé last 44 yedrs more than 65 million motor vehiclcs
have boen producced for United States consumption, and over

34 million of thesc vehicles have worn out. In doing 80, some

:”'7238 billion'gdllons of motor fuel have beon consumed, thus

indicating more than 3,000 billion vohicle miles of travel.
Qur economic studios now in progross indicaté that
“the noxf 22 years will witnoss algrdwth in motor vehicle
’prodnction somevhat less spoctaculdr but as phenomenal as that
in the'pdst. 'fhoy indicate that by 1960 vearly registrations
¥111 be crowding 38 million vohicles, and that tho all-time
:4‘total of ﬁchicles built will be about 137 million passenger

cars, trucks and buscs.
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The relation betwoun the ma’wr aﬁ' not mt»ar',m olow g0

in the domestio markot and our totnl ;m;mlmim hﬁﬂ @:,,,bili%@ﬁ

durkng the lagt 20 yosrs at shout 42 porsons por %&zmm w&&;*&g&ﬁ
it ta probadle that 4o the nexd 28 yonrs tho entirs damn&ic ’mﬁkﬁ‘k
will gredusily bocone o roplocoment proposition in Wh‘lah rowgbly
s waiilels smet b conpuned or ascrappod to afford s mparkot fo:r S
nonewr vehiole, |

Havinge ~tven yon an bndieontion of brosd ’hm‘xzda of mtarl " ‘

volidely producting and oonpunption, wod o ploturs of tha m:mbari
of such vehlelos v tny oxpest to B uesd in our mtimml h&g:hw&’y
braneport schomy, 1ot us nov connddor gone of tho c:wmtiw
wiinorne that sonpliente our 4oheny dosl o snd troffic pmmmm
Tadlo ruaeh b beon aodd about the woossity for’ an
sduequaty mabor of Lae to reoaanndnty teaffie on rural highe
waya, thers hnas buon aoofd leak of cvldonco in support of
noretinnnl progran Cov dofining conddtiang which Juétif‘y’ ineronsod,
sxpendituros for adddtional width of lanes or cdditisnal lanc
frotliitios.  Durise the pogt yony the Burom of Public Rmd;&
hng perfected squipnont that rosdstors rwchanieally tho ‘pchtmi
and gpoed of all woidelos onon bndfenilo suction of 2-lano rond
wiile In the voction,  This cguipnont ie tho aa%w&wth of o -

enpocity studs node last your in cocpurntion with tho Illinods

Duopnrtnont of Public Works rad Polidings,
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Highway Capacity
While the analysis of‘ﬁho 108 thousand records nade in
. Illinois has not beon cgmplotcd, you may-be intercstod in some
of the by-products of the obscrvations made on highways during
periods when they wore at and ncar congostion limits. Fron the
rccords the spoed of ecnch vehicle and its distance spacing from
the proceding wvehicle wore obtained, By classifying into groups
by their spced in milos por hour all wehicles traveling tho
same spoed asg the precceding vchicle and obtaining the nqdal spacing
for each group, it was possible to detormine tho time interval
that the najority of drivers maintain between their vchicles and
the proceding vehicles whon following at the samo spoed, For
gpocds betweon 20 and 50 miles per hour, it appears that the
time gpacings maintainod were closc to onc and onc half scconds
‘with a ninimn at about 30 miles per hour, Converting the time
spacings to distance spacings, we find that the najority of
vdrivers ma;ntain a spaciﬁm of 65 feot ai 30 milog por hour,
90 fcet at 40 milos por hour, and 120 feet at 50 niles per hour,
With any siven volwie of traffic the average timo
spacing between vohicles is casily ealculated, rogardless of
the gpeed at which they arc traveling,
For cxample, with a volume of 900 vchicles in one

dircction there will be an average spacing of four scconds



betweon succoeding vehicles at any point; on the hiﬁhwéykéﬁctian
however, due to the rango of spseds and consoguent 'bwmhing o:f.‘
vohiclas, about 8 percont were traveling ot o &p&cias~q£,$ﬂa§{j
than one sccond, 41 percunt ot o spocing of less than_twa,sédoga
and 75 porcent wore spacod at loss than four soconds, the average
tine spacing. At 600 vohiclos por hour, 75 percont were spaced }

at less than six seconds, tho average time spacing.  In fact, e

regardless of the averago apoed or volume on a given h&gbwgy, o
the study shovws that batwoon 67 and 75 porcont of thm~vehielés,!”kﬁ*'*
arc nt less than the average spacing.

In considoring oxtra lanos for oxisting 2-lane highwayé, e
it is just asg important to know how often n "holo" of a glven |
lensth will oceur in tho opposing traffic on o 2-lanc highway
as it is to know tho time or Aigtance required to moke the
passing. o 7

Whon pagsing is not possidle on a 2-lano highway, traffic ‘;f;jf
pilos wp. Tho dosirc to pass o vohiclo is no doubt just as

great whon there is an opposing volume of 800 vshicleé'ag,wh@n

there are 200, yot the study ghows that as tho opposing véluze
inereases thore is o marked decresse in the numbor of possinga;
in foct, the chances for passing are grontly reduced whon tho
opposing: traffic on 2-lanc level tangonts oxcoeds 400 vehicles

per hour,
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When there is little or no interforence botween vohicles

~ traveling over & highway, the individual wnit will be able to
travel at specds desired and thetre will be comparatively largo
differencos in speod between succceeding vehicles. As volune

" increnmscs, the mean Aiff ercnce in spoed will be reduced, and
this mean difference noy be usod as an index to measurc the
relative ‘congestion present on a highway. By correlating the two
" indopendent variables; Volumes of traffic in the samo and opposing
directions, with' the dependent variable nean difference in spoed
on o 2-lane tangent, it was founfl that the maxirmn volume of
1,980 vehicles per hour nmay be attained when all vehicles travel
in one direction, or 1,120 vohicles in cach direction with equal
lane ratios, However, at these volumes all vohicles will be
traveling at tho some speod and the individual dfivers will be
restricted to travel at the same speed as the preceding car,

By applying multiple correlntion to data from the observations
showing average speods for varying volumes of traffic, the

study makes possible the determination of average specd with

varying volunes of traffic in both directions,

Passing Distances
The passing distance observations nade during the past

two months have becn obtained entirely through mechanical means,
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thus elininatin: the hunn e:»qmt;iom A mocr& 13 mde c»i' the:
exnet tine occh vollelo passos ovor onch af 53 nir impulw
fubos placed at H50-foot intorvalg. By this nosns the chm‘ts
show the position at all tincs of vobieles on the half 'm‘;f.’l/é

goction of hijhwny by lanecs., The )rulimixmy :umlyaia o:f cmnm

nlroady nndo inddentes that wo have devolopod worlmblﬂ inat:mmﬁntl
hat will nnke pesaiblo dotatlod study of tho passing zmd (:On&rnl

practices of drivers on highways of wo or rmltipla mno wiﬁ‘ﬁh»

an' voried alimmoent, and that by conbinding mlumx or c:apmit‘ay

with passins studdos n rongonnble bnagle will hzwo bean mm
for the deterniination of tho losical munbor of loncs for various

volunos of traffic on varioed alijmnonts,

The Transvorse Ploacomant of Vohlelos
Tiae presunt practice for detomining tho width of laones

for varicus ali mments nnd particularly for the clossos of
vohiclos that use the rond ls by "rulo of thunb!" larygely
roinforcod by pursonnl opinion basod upon o fow scatiored
obsurvations of driving: practices. During tho posgt ycarr the
Puromu has boen intercaeted in perfecting instrumonts whiuh“
will autonatically cive tho oxact location of tho wheols of

s vohicle tronsversely on tho highwoey, From the prolioinary

ficld studies wo are nesurcd that we can regietor at all specds
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.Z: the location of the center line‘of the wheels of the vehicle

| as it passes over a line pcrpcndlcular to tho contor lino of

’, tho pavonent to within six iqchos. Inasnuch as all axles

.t

vrohistcr it is possiblc to clnssify vohiclvs os botwoon passcengor

cars and, trucks from the chartod improssions bocause of the

}onaor whoel basc and tho wider tires and trends of trucks.
'A‘manuql clossification wil{ be nmnde, howevor, of all wvehicles,

'In order to dbtormine the influcnce of speed on the
transvereo plnconent'of vehicles both at the tine of passing
and when, tho vehicle has unroatrictod use of the entire road,
'tho Buroan baa designod and is now asscribling an autonatic
rogistering speed detccetor to pernit the deternination of
speods by single miles per hour in a 40-nmile range, say fron
30 to 70 miles poer hour, or a rangc of 80 niles per hour for
two nilos per hour intervals, say from 20 to 100 miles por
hour, As in tho instrumcntntion for passing distance, it will
bo pogeiblo to automntically record the spood of passing
vohicles in two lancs,

The field work that the Burcau has donc in the post
yoar in studies of vohicle bohavior, as they refer to copacity,
longitudinal and traonsvorsoe spacing and speed, nake possidle

- tho automatic chart recording of all the necessary data fron
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fiold obsorvations, It is hoped vhon present field taats hava
beoen conpleted that o concoptod of fort con bo nade o pracure

these dnto in the Stetou vhero 1t is apparont that &riving

procticos are dissinilar, Wo are looking forward to tho timo

vhen this painstaking fwndanontal rosoarch will pornit ue. to

use tho conclusions as basic foects in the dosign of our futuréi
hirhways bottor to acceoumodnte the traffic noods and with tha 1}'
sono cconondes thnt tho padnstaking rescorch in structural dﬁaign;ﬂ 
throuchout the past yonrs has accomplished, I boliove as you

study tho instrunontation for thusc studies, tholr mpqrtanc»o ’

to you ns an approach to the solution of rogulatory probinma'

will bocono appnrent.

Hotor Vohicle Spoods on Grados

During tho swtsor of 1937 o ficld study was conductod
to doternine tho porfornance of trucks nnd trmctorwtrucksr
sclecten at rnndou on a six porcont grade on U,8. Routo 40
in Maryland, Tho charncteristics of tho trucks and thcir loads
wore obtninod ot a Marylasd State Rords Conmigsion pit scalo,

Tha éulaetad tracis sultably oorkod by placard'wora
thon, wiknown o tho dr vors, tined ag thoy nscondcd'a lohg
six percont grade about foﬁr niles boyond the pit acmie.‘rln

order to do this svvurttulv ond without chance for errors
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©in human judgment, a series of contoct rond switches was installod

"at 170-foot intorvals. As the vehicle moved up the grade tho
road gwitch imnecdiatoly ahoad‘vas connected with the recording
" ingtruments dnd thé'ﬁime of initial contact charted. Knowing
'éhﬁimo‘aﬁd distancd;”accuratd detornmination of speeds between the
"’ yoad switchos may bo doterninéd,

In the analysis quo loat winter, some 500 vehicles woero
sogrezated in groups of 5,000 pounds ~ross weight, and the
average specds for the wvehiclos as thoy asconded tho grade wore
conputed. The etudy showed that the avorage vehicle, whose

" gross welght was betwoen five and ton thousand pounds, did not
fall below 19 miles per hour, wheroas the trucks most heavily
loaded could nmaintain n speed of only five miles poer hour on
ﬁhe grgde. In general, tho speéd of tho heavy trucks was groater
thag eimilnrly loaded tractor-truck semit;ailor combinations.,

w Although thesc gtudies of randon vohiclos showed to good
,advantégo tho performance vhich may boe expected from the average
commorcinl vehicle using a six percent grade, it was folt that
tho informatiqn obtained was far from completo, In but fow cagos
wag it p@ssible to ébtain roliable data on the transmission and

"~ axle ratios, and it was practically inpossible to deterninc tho
c&?ﬂition of the engine, Accordingly, the scope of this study
was expanded through the generous cooporation of tho motor truck

nanufacturers, the National Bureau of Standards, and the Ordnance
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Dopartnuﬂt and the Quartermnstor ucrys of theo Uﬁitad Sﬁaﬁaa Axmy,
s0 that thorough ficld and ladoratory tuata could ho vnde on nnw
vehicles of known gpocifications and in tho beat af aanﬁit&en 
iight, netiun and heavy trucks and tractor-trucks are doing Qperneed
on o sories of five proades varying from 3.2 to ?.0 pereont w&t&@17
loads in inerenonts of 1,000 pounds, The naxirun spood wﬁidh énn‘ 

be maintained on each ;rade is detornined throuchout a completse ?;f

range of loads for each vohicle and with cash change of load -

the rolling rodil of the driving vheols are poosurod, Tho

volocity and diroction of the wind and the atnospheric tampcrutﬁiéf i?:
nro rocordod durdns onech run.  In ndddsion, rucorda of hunidity ‘
and baromotric prossure are obtalned fron tho lecal Woather
Surcam station., Tests are conductoed currontly on all gnuolino
ugoed,
In this tost o deviption of but threo or four foot in
1,000 foot is ohtainod and tho naxlrmn orror in datornining the
average sustained spocd is well undor one percent, |

The ficld records aro analyzed ond plotted within 24 hours o

aftor thoy ore obtained, This investigntion will noke poasibla a;p 
thorough study and nonlysis of the dosion of grados os thay

affect conmercinl vehiclos that use them, It will furnieh &ata;

for the roqalaotions resording cormoercinl netor vohicle performanne.

Sorre States hove alrondy considerod guch 1cgialatian ond -
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'aataleast one now hag statutory limitatlons with respect t; grade
‘mﬁbillty. ”he problen then will be the means of cnforcing such
“xiiéguiations. One type of eéﬁlpnont which nl”ht be usod is the
f‘ttow1nb dJnanoneter. Throug tho cooperat1on of the Ordnance

" Dopartmont of the U. S. Amy, the ficld dynanonotor used. at

chc Aberdacn Provinp Grcund was unplov‘d to dptormino tho tractive
Joffort as woll as tnq rolling resistonce of tho'léfgeet tractor~
‘Atruck gsenitrallor coﬁbinntion ugod in thoe tcéf. The results of
fﬁia tost will bo cbmparod with the actual porformancc as found
in tho a3 rade tests for 1Cb@1brﬂt10n and d00uloration to detor-

‘ nine 1f such an onforcemont uuthou of dgtcrnlninh grado ability

‘ia faa31b10.



