A STUDY OF TRAFFIC CAPACITY

By Bruce D. Gerexsninips
Rosearch Engineer, Trafic Burenu, Okiv Siate Highway Depariment

BYNOPSIS

The report presents the results of a traffie eapacity study started
in June 1934 by the traffic bureau of the Ohio State Highway De-
partment. The work hes been conducted under the supervision
H, E. Neal, Traffic Engineer in eharge of the Traffic Buresu, and J.J.
Darnall, Bupf. of Traffic Surveys. The data wera eollooted by the
photographic method described in Vol. 13 of the Procesdings of the
Highway Rescarch Board. After a brief deseription of the method
of collecting and fabulating the information, certain selected data
arzanalyzed tosecure ameasure of the working capacity of a two-lane
roadway and the amount of vehiele time lost under varying degrees
of congestion.

The study of 1180 groups of 100 vehicles sach, including not over
10 per cent trucks, reveals the average fren moving speed to be about
43 miles per hour on either o two or three lane road.  When the num-
bar of vehicles exceeds 400 to 500 per hour, the average speod de-
creases and the effect of a few slow moving vehicles i= more pro-
nouneed.  The mean speed of 850 light trucks was 41,0 miles per hour,
and of 225 heavy trucks, 32.4 miles per hour, For 18 buses, the svar.
age was 41.6 miles per hour. i

This report presents the results of a study of traffie capaeity under-
taken to determine the approximste hourly traffic density on a roadway
of given width at which congestion or the slowing of traffie begins, and
the amounts by which traffic congestion is inereaged,

The point at which congestion begins marks the limit of the “working
eapacity” of a roadway according to Dean A. N. Johnson, of the Uni-
versity of Maryland, who makes the following statement:

*We can visualize a road earrying but a few vehicles and agree that there is no
congestion.  But as the number of vehicles inereases, there will be a point reached
at which some vehicles will be delayed hecause they are immediately unahle to
pags other slower moving vehicles. Such a point indicates the beginning of con-
gestion or what may be ealled ‘working capacity’ or Trec moving eapacity’ of
the highway.”

The present investigation has shown, in general, that as the density
on 2 two lane roadway increases beyond 400 to 600 vehicles per hour,
the average speed of all vehicles decreases.

* Traffic Capacity, By A. N. Johnson, Proc. Highway Research Board, Vol

10, p. 218,
HR
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“This juss of speed may be taken to be o mensure of the congestion or
loading of the roadway bayond its free carrying capacity. That con-
gestion i3 causad by slow moving cars in the teaffic stream has boeen
shown by the fact that the sverage minimum apacing betwesn vehicles
has been ascertained to be such thas if all vehicles moved at the some
speed, the dengity or the number of vehicles that eauld PRES OVer i sec-
tion of bighway in a given time would increase directly with the speed,?
Tor ghort periods of time both the density and the speed have boen
abzerved to ncrease, but for any conziderzble length of time, such as

Figure 1. Camera i Operation

an howr or mory, there pre enough slow moeving vehicles to reinrd iraffie
if the density is sufficiont, The density or number of vehicles prssing
in a given time sneh as one hour will not, however, inerease beyond a
certain iimit, for as the speed tends to decreass to zero, the density per
hour also approaches zero,  {Sew Fig. 6,)

* “The Phetographic Method of Studying TrafSe Bshavior,” By Dr. B. D,
Greenshields, Proc. Highway Resenareh Bonrd Yol 13, p, 982,
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METHOD OF COLLECTING AND TABULATING DATA

The data for this study, consizting of the speeds, of pmcmmlly-wo
per cent of ail vebieles pazsing the poinis of obscrvs_xtiop, wera ol)tm{xed
from pictures of moving trafiie taken at shoré de&:mlo mter_vnl.s of time
by noting the distanee each vehicls traveled during one of these time

intervals.

ures txken at rate of 88 per mioute, swperim-

o t
i it e Note balletln board Imcluded

poded npon a seale to skow tha digtance travellud,
in each picture.

A 16 mun. Simplex movié camera, capable of taking zingle frames of
picbures, wasset up about 350 feet from l‘he‘mu(lwn}' £0 that each .vchicl:
would appear In at least twa succesaive pictures or frames. fFl.f;nm: !
shows the equipment in operation, I-‘iguge 2 shows lh'rce ramea; o
pletures taken at a point on US 23, ane 3m]e north of Delawnre, Qhio,
superimposed upon a seale to show the distance traveled.l..Thc :alx::m
was Yapped” by o solenoid, the thae inlerval between “snaps t.na
controtled by an electrienl contact made by the pn:,-udulum on ame ro;
nome a6 the end of ita swing, Neurly all of ih.c pictures were t?ken o
the rate of 88 per minute, ainee with thiz time interval between frames,
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the distanee traveled in dect equals miles per hour. The roethod of
sealing the distance traveled can be understood by referring to fimure 2,
where the rear car in Frame 1 af the top has advaneed 34 feet in Frame 2.

Figure 2 also shows part of o bulletin board included in each picture,
2iving the location, day, date, houy, type and width of pavement, the
interval between expoeures, wosther conditions, and a clock, showing
minutes and seconds of time,  Markers were placed on eash side of the
road to provide o definlte seale for each picture,

A detailed deseription of the photographie methed is feund in “The
Photographic Mothod of Studying Trafic Behavior,” by Dr. Greens
shiclds, The Procecdings, Highway Research Board, Vol, 13, p. 382,

Profitometey readinge, showing the profile changes in exvess of ope-
quarter inch in ten feet, were made on each of the zections of roadway
investigated, and reeorded mecording to the variations ecourring per
mile,

The form used in transeribing data from the films 3 shown in Table
1. This table ehows the instant to the closest szcond that each vebicle
pass=s a definife point.  Although spacings between ears are not dis-
cugsed In the present report, in ense a restudy shonld be made, o place
has been provided on the form for expressing the time interval hetween
framez in seconds or framés in which successive cars appear, to facilitate
the calenlaion of the spacing between ears.

The dedn were transferved from Table T to Table 11 in groups of {en
vehicles cach. The time interval required for each group to pass is
shown. The data from Table IT were, in turn, transferred to Table 111
in groups of one hundred vehicles each, together with the time interval
for ench group to pasa. In taking the groupz of one hundred vehicles
each, the vehicles in esch group starting with the first are: 1-100,
11-110, 21-120, 31-130, 41-140,—pud 50 on, The averages obtained
from these groups constitute a “moving average" for the traffie stream.
The junp of ten vehicles af a time has been chosen arbitrarily. A
change of one vehicle would constitute a different group, but the char-
acteristies of the group would not be sdgnificant)y different from the
previoue once. The change of ten vehicles gives & greater differcnce
and it permiis the sdditions to be easily checked,  Every group of one
hundred vebieles that passed within the snme time interval, to the closest
minute, was transierred to Table 1V, The time interval for these
mroups is the average of the time intervals for the separeie 100-vehicle
groups making up the total. Esch of the larger groups, of eourse, is in
even hundrods,

Distributicn of Automotive Vehicle Speeds

Sinee the pereentage of vehleles traveling st Jow speeds ia parhaps the
most important factor in determining highway capacity, aod in order
to ahiain more sipnificant averages, the percentage of vehicles traveling
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at or Jege than various speads wae plotted in Figure § on the arithmetic
probability peper devised by Hazen, Whipple and Fuller.?

The use of this type of papey is advantageous aa it is poesible bo repre-
sent the obezrved dats by o straight lne.  In such a cose, the spesd
given by the interseetion of ihe straight line with the 5) per cent ordi-
nata is the most frequent aad average speed, as well 2a themedian.  The
usual definitions become, for the present problem:

Average Speed—arithmetical mean of all epeeds,
Median Speed—speed such that 50 per cent of the speeds are
greater, and 50 per cent less.

Frrewniaoe of ¥eniches Troveling al&‘;:w'w Gn:-/-r J’:‘;"& s
~ s
P
ra
3 F
$ 1P
} Average Bkt s Soved—1 A
X |
: v R
;i o ;
F
é’m 1‘/‘

v ) 3% 80 TR T T TT
reanfopecd Vakiates Fovaiing of Egual or NowerJpreds

Flzuce 3. Distribution of Vehicle Speeds. Normal Probability Cwtve. Aver-
age of seven groups of 100 vehicles each, Average density 625 y&hicles per Bour.
Lane distzlbution 45-55 per cect, Trucks 4,4 per cenl

o
acr Qs Ly Le

Modal 3peed—the most frequently occurring speed.

The data utilizad ave the numbess of cars with speeds equal Lo or Jeze
than z given series of equally spaoxd values, A typical set of ﬁguras for
100 vehicles, at speed intervals of five miles per hour is ineluded in Table
V the speeds for eachumile per hour interval belug arnicted for the sake of

‘eleayness. The fourth coluran will be explained later,

If the pereeniage of cars traveling slower than u given speed or eq_ual
to il Is plotted agalnst speed, the points will fall in an terezuiar line,
Thiz is to be expected, particulacly when the nurnber of ears represented

* Transuetions Ameriean Sotiety of Civil Engineers, Yol. 77, p. 1530 (1914).
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in one dingram is only 100, If counts are made & number of times uider
precisely the zame conditions of traffic, the percentage traveling jaster
than, eay 40 miles per hour, will never be exeetly the same, exeept by
chanee, There will be & certain dispersion around the averape value
for several groups of 100 cars.  This may ke expressed by saving that
the number of cars sraveling slower thun any given speed in one group
of 100 hes what is known a8 o “natural wneertainty” or “probable ervor.”
1t i3 & jundamentasl statieticn] principle that in ploifing and draning a
curve such us the type here considered, the data should be “emoothed”
ta climinate the accldental irregularities as far &= possible, before being
utilized. This means drawing the smoothest curve possible through
the plotted points,  The points listad in Trble Y are plotted in Figure 4,
It will be seen thas they fall in ratber irregular fashion, ard that at first
glanee, the position of the 63.% mile per hour point appears 1o preclude
the poesibility of drawing & satisfactory eirnight fine.

TADLE ¥V
Stsed ip Mlles Tobuted Frequiney | Forone Breal 30 | Newnal Uocertsinty
M5 0 0 0.0
2.5 5 5 2.18
2.5 12 12 3.24
3.5 ) 3 1.62
0.5 54 5t 1.97
45.6 o o7 4.70
8.5 a2 ] 384
5.5 I o 2.37
605 20 % 0.54
63,5 1% 00 0.0
65.5 100 1 0.0

Tirst, however, it is important Lo consider the probable amounts of
the “patural nncertainty,” This & given for ench frequency in the
table by the following relation,

7 = Natural Uncertainty = v N (1 N/P}
where N is the tubulaied frequency or the stumber of vebicles travelling
at er leas than a given spead.!  These values of Z are tebulsted In the
fourth column of the table. I’ = Total number of vehicles ohsarved,
It Iz an ageepted fagt that it is feir to assuae in drawing the curve, that
the frequency lies somewhere between N and == Z the natural uncer-
tainty. Thus, at ench platted point, o herizontal line i3 drawn repre-
scoting the sfowed sange in the value of N. It is then permissible o
draw o emoothed curve by such a way that it pasecs through all ¢he

¢ This formuls and its use in cheeking the fessibility of vsing adthmetic prob-
ability paper swas puggested by Dr. Freeman Miller, Head of the Astranomy De-
pertment, at Denison University.
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horizontal lines, atcempting to draw it 2o thed the sum of tha deviativns
from the aetually eounted valuea shall e equal.

i the present case, s straight line sstizfies all but the G35 mile-per-
hour peint. 1o the preceding formula, N should realiy be the mean
pumber of caes with veloeily egual to or less than the given amount,
found Erom s great namber of s2is of 100 cars under the same tmaffis
ponditiors. To sech ease, it is fair 4o suppose thed en rpeazional ear
travelling Faster than G35 miles per hour would be found.  Then the
netunl pareentsre slower than 55 would be slightly less than T, Ir,
foe examnple, it were 9.5, the naduml wneertainty would then be & 0.7,
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Figure 4. Graph Saowlng Pasceatage of Vebleles Travelllng Abore and Below

Yarious Speeds and 1hes Probable Amounts of the “Haturzl Tneertalaty! af the
Bladted Paoleie,

and the point and the detted line would give the resuli, In this case,
it is evident that the atraight Jine ean be passed through all the horizontal
lines.  Thismenns principnlly, that the points given bor the higher speeds
are ton erratie nd sensitive to secidental Suciuations to be given muel
weight i the deawing of the eweve,  Probably all poinds far prrestitages
lesa than e and grester than 93 ahowld ke Gprozed in drzwing the eurve,

It may be psmoned then, that o streight Ene will menerally satbsfly
the data, and that the Ysmoothed™ values read from the corve are the
best enes b vse b further analysis.
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THAFFIC CAPACITY OF A TWO LANE ROADWAT

The informintion mecded from the tabulated dsta to determine the
traffe eapacity of & two lane rodway eonsists of, fisst, the average feee
epeeds on e varions types of poadweys stidied, and 2econd, theanmaounta
by whith this free speod 1s lessened by Inereased densities of tmfe,

TRAFFIS WITHQUT CONGESTION

The avernge dnta for the foflowing described wocongested momds nee
given in Table VL

TABLE ¥1
AVERME DaTa vor Uxcovcerse Floans
£7% 132

T & |3 | 5g
PE|TE |
Ruete =3 =2 E - SE
=5 g3 |d=| | 2=
= 5 =)
iz | 56 | fs E cd
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Bonday, Sept. 2, 108 .00 e e B s 54 ¢ (IRE| B8 | GE
WecdnesEay, Aug, 29, 1934, ... .0oeinnn. .| WY B 1458 | 7.7 |+t 4
0. 8. 3, 2,0 Miles Wese of Oberlin... .........| &7 B[ 453 59 | 415
B8, 3, 1.4 Miles West of Monroerille_......) 033 | 119 : ENLLTN I O I
0. 8. %0, 1.5 Miles West of Bellevon, ... ) B d2E| TR B0
1. B. o0, 0.25 Miles Wast of Obeglin, .. ... o482 1 Ol | 6B | EEL5
0 %, 23, 1,5 Miles Esst of Perrysbuze........| 13 | 72 | 50| BT | 2%
1. 8. 2, 2.4 Miles Evst of Oberlin,..covvurees Ll 13 420 | 22 408

Trafie ox LF, &, 5—45.9 males east of Vermeliog, Ohde

This sectlon of highway 8 of newly constructed conerete, thirty feet
wide. ‘The profilemaeter resdings showed 12 varistions e exeess of g
quarter inch in ten fect, per mile,  The pavement is scraizht and the
view iz unohstrueed for o long dlstance, providing an ideal plaee for high
specd traffie. I L= €hooght that the traffie on this kighway shows the
normel speed tondencies o whit the avernge drver doss on 2 smeath
raedway fren from intesferencee of other vebicles. At no dime did the
toad enrcy silfeient teaffie to couse congestion,

The avorsge “emoothed”’ speed for week day teatfie for all obeerva-
tione ot this steilon was 42.9 miles per hour, sod the pereentape of teaeks
was 7. I the Sunday troffic is assomed depblie the average weok day
teaffie and weighted accordingly, the average iraffie speed was 2.6,
nnd the pereentage of trizcks 5.0, A tota) of 3000 vehizlas was obserred.
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The light trucks of which thers were 106 averaged 54,1 milea per howr,
while 84 heavy trucks sverazed 32,8 miles per hour.

T ssenire the pereeninge of vehicles trovelling =t or less than esrinin
aperds, data from ene flm taken on Friday, Angust 17, 3034, which, on
analysis, gave 21 rroups of 100 vehicles each falling in sizht differont
time infervals, was plotted on arithmetic probability poper and the
rezults ghver in Toble VIT weee cowd From this compasite eacve,

The enrves plotted for each of the eight diffeeent time neorvals
showed 2 moximum deviation from the composite eurve of L0 per c2ot
between the limits of 0.2 snd 99,3 peeeent.

TARLE V1]
Cowrpsite Dhita—I1 & 6—4.9 Mres Faer oF VERNTLION
Peccentzpe of Yehivies Traveling at or Lese than & Given Speed in Miks Par Honr

Speea 12 Miles par Doy Pureentamul Febicirs Tenteling ot Baual
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The 1%3¢ average and maximum dally teaffie at this leestion derivel
frem o deaffic survey taken by the Traifie Burean was:

Fassenger Cara. ..ol i FHL
BT IR .
B PR |11
Manimum Thailiy Tatnl Vekieles. oo ... ... H18¥
Fercent of Foseign Vehiclea, oo o0 1T

-Traffie on U8, 20—2.0 Miles Weat of Ofer lin, e

This iz another location showing free speeds,  The sootion & of as-
phali masndem twenty feet wide, with alx-ineh ponerste pdzes. The
tenffio a6 this location e Satuniay, September 1, 1834, was not heavy
enough to present ooy fenturs of highway cengestion,

Tha pereentnge of vehicles travelling at cqual or slower epeeds taken

'_-fgtﬁ.'l 1r-|]hi|:||]=.'....:........:...._-_-..--.\...--:----.-----.--------l iz
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feom the 30 groups ohserved 1= shown in Table VIILand is given for com-
perizon with the similay tabulation i Table VIL - The largeat variation
froon the sverage for any one of the eurves was 4.2 percent.

The 1084 average dafly density of traffic was:

T T R LR LLLIET 14?“
'I"g-m'_’.‘-:.g.._..____,,.....,,......................... P
Total Vehiclog.,............. e - B S i S B
shnximum Daily Total Vehicles .o _oooiiiieinreniaeen oo SHE
Fereent of Forelgn Vehicles. oo meaomn i AL

Traffe o 7.8, 20—1_§ Miles West of Monraeriiie, Giita
A third loeation showing free speeds was on Rewte TL8, 20, 1.4 miles
west of Monroevills, This gestion of rondwoy is of concrete, 20 feet

TADLE viil
Coapastte Dara T 8. A—20 Miirs Weer or JuEsLly

Vit wing ok Eruad
Spenr] ic Wilos per Flodp Ferreatags of ﬂmi:':i'-‘?nrc-'l ot Ea

5.0
15.0
a0
85.0
H
B
i
4.3
|’ 9.7
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wide, with a very wide shonlder an tha north side and zn ordinary
shoulder on ihe =owth. At this loeation it perhagpe michd be inferred
that there wis & elipht drop fn the traffle apeed correspondiog to the
changs e density from 300 to 700 vehicdes per hour,  The profilometer
readings showed 492 bumps per mile.  The eoughies apparently bad
Titkle effect on the specds,

The 1934 average dully density of iraffic was:

]"nu-:ngqrc.a,rﬁ........._..... ............................... a0
CrTraekE. 4

U: Mazimars Daily Total Vehicles., |0

-\-'_ Perepnt of Forrign 1.r|_-||i'|"5|‘r[|.!v o B EERRCEres T LR HT
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Trafican U8, 20—1.5 Miles ezt af Beilayye, (Mo

The scetion of oodway 1.5 miles west of Beltevie, Olis, an Route
LLE. 20, i3 of brick, 22 feet wide with an sight-font level shaulder an the
north side and o very narrow shonldar s the aswth side.  The prof -
eler rradings on this seetion showed 3068 varintions in excess of one
fquarter inch in ten feet per mile.  Sincr dhe heaviest ohserved Umdis was
263, vebicles per hooy, litkle sonpastion may b sid to have existed at
any time. There appears to be o slight drop in the avernge speed ok
about §73 vehickes per howe.

The 1934 avercge duily density of ific woa:

ok, e e e iinanenn HIG
Tatal Vebislaz, oo e e T
Mazicoum Dy Taeal Vahicles...........0oo .0 L G
Pereent of Foreige Vehieles, . oo ennn o .4

Traffic on U8, 20—0.25 Mels Wesl of Ofherlin, €hkin

This zection ol highray iz of hrick, sicteen feet in width, wilh ten
incleea of ponercte gn each side. The profilometer meadings for thia
seetint abowed 126 bumps per mile.  Thiz loeation is quite close fo a
Blling station and te o crcss rond.  The Interferene of theen nlpen]
obstruetions with traffic i vefected in the speods observed,  Little or
no cenEEstien was found,  The average zpead was 37.1 miles per hour.
Chservations were made on Sunday Septomber 18,

The 1934 avernee daily density of teafio waz:

T T U Ty
Total Vehicles. ... ..., ..., ITis
Maxinaum Daily Tolal Yebicles. ... . 360
Pereent of Forefgn Vehiclea. ... ... .. mil

Trafic on 7.8, 20—1.8 Miles ast of Perrysburg, Dhia

This is nnother legation showing the effeots of physienl features upon
speede. The seetion bs of nsphalt mocadam, 18 fect wide, with a deep
diech on eash side, The proflometer readings show 193 variatlons in
egeas of §inch in tem lect to the mile, The ratlor high cronn ned the
teep difehes on both sides evidently slowed teaffio to some extent, dug
ter the axten hazand in driving. The pavement wos wet during some of
the obzervations but this seemed to have littls effect on the avernge

speed.  The ighest density of 200 vehicles per howr was npe sufeient
Lo appraseh congration.

GREENSHIELDS—TRAFFIC CAPACITY a6

The 1934 average daily density of traffie was:

Pmsunaurﬁ.‘l.r:......----.....-......---------......::::.__“_:.-: 'Iig

B 1T T L LAa LR ]

BTt LT PR T | 1

Afaximum Dhily Totel Vebisha. ool T, 3?;; [
Tereenk of Foroipn Yebiele. oo i .

RB.R.16-17 8, 20—2.4 Miles Basl of Qherlin . )
ﬂg:iucnﬂﬂ. 20, 2.4 miles cast of Oberlin ia surfoced with 8 I% of brick
|:||.1.1:| 457, of s,.!pl'l'_\.!l:. miacndnm on each aide. Thl!‘]!'l_.-l?l-ﬂ!llil‘.'l'l?! hinzfeather
edgez,  The proflometer rendings showed 870 variztiens in ooeess of

4 inch in ten fieet tothe mila.

TABLE IX
Avensclk FrEx Sesse 34 Oeevres or 100 Oane Eaer

|| 1
! Cuppers; | v, Teasits || ¥raa =
peiEedt, | UMD | gl [ diveerma Vet | CSmeaer | IR

neAx
! lﬂt':l.:‘:reh ] 12 2% Ll A%.4 &1
2 Lrwer

Conaretn ) 42 1 | Lt 44.7 %-I:'
Tiriek paid it ] BE 2.8 Y&
Asphalt ﬂﬂ | omo| &3l as
) 4 Tame Sira 195 | Av_ 4080 | Av, £3.05 | Av 53
Total—2 Lone and 3 Lege... ..} Sam 434 | Av. 463 | Av. 431 | Aw. bbb

Fred Spoad :
-Ih:;q“:f:memaapfrue gpeed taken from the loentions ﬂ#’l-:t-‘-'-'il_lg 10 eonges-
ilon and no r:pn_«mal plysienl features to retand teafie are given in Tuble
Il‘ll'h.'g averaze speed for the bwo Inne eections is 43,6 J:'I]'I.|l:-ﬂ par hour fer
an average density of 469 vehicles per hour, 43.5 miles per hour Ls
takon us the nverare free spesd.

TRAFFIC WITH COMGESTION

5, 20— ifen et af MWorwalk _
T‘!‘;{ﬁ :Jr;fm%lji{ iﬁrﬂl&, 20 'I'eel{n'rl.e, with a curh on th&_nnuth s_ide
tn prevent traffie fmom epepoaching onta an jui.i_:nl'rlva.n railway ]J.-n:‘l'J
Tha nortl side has o fairly mood shoulder,  The highest l:llbf_il-'ﬂ'ﬂ.q Eput.
ut thia location shows the infuonee of 'I:.tm- p{u‘r_'rr:mi eondition upsn IE 2
free speed of traffie. Thers were 285 variations in exeess of ohe-guarier
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ich in ten feel abeerved per mile an s rocdway,  The speeds an thiz
geetion show inercasing conpestion,

Table X shews traffie conditiens observed on Labar Ty, Beptember
3, 1934 and average weeliluy traffie.  On abor duy there was o small
pereentoge of truclks and it may be added thot these was o largs per-
sentage of oul-of-state teafie. Mo light traffic was observed and oo
free meving speeds are indicated. Thers i3 shown = congstant drep
in svezame sperds for the higher donsities,

O wenk days the pereentage of trocks iz higher while the pverame free
speed & lower,  Here again it may be noted thaé thers i o ghiicht drop
in speed for the higher densiliss, The worliing capocity of the rmgdway
sevins to e about 400 vohiskes per howr,

TABLE ¥
Travvee ow UL B 2—2.4 Mlees Weer of Honwalk

— | -

Faag of a

D?;-I'E:r in ;\I:E.E‘?:Eu :g;-k'l:ﬁu a ji.:?-.t?:m | n:'“f;‘"'::"? pl‘;::."é’.p

el | et | okt | CHEN | WTRAT | Jemingie

Labor Disy Fratfie

-850 VE J 18 o .4 ]
D108 bz 1 3.7 1.1 462
BIg0-120a 11V i 5.0 g 41.4
L3-1409 = 13 5.6 L4 2li,1
15G-100m M:LT 7 429 1.43 1.7

Wuek Dy Trafe

- | | 3 7.3 w7 w7
200-2i | o 5 3 4 9 0.3
ol B ] fuviad oH B | 1. 1 451
s | ang t 354 1.0
The 1934 nverage daily density of teafie wee:

Foasengoer Crrs. ., L PP 1 .-
Truwels. ...0vvieee ool ot A A PERT
Taotal Vehieles................. I T T T T P T
Meximum Daily Total Vehiclos. . ... ... .. Ve ey . THES
Fercent of Foreign Vohleies. ., ... AR DI T 2.7

Traflic on U8 23—1 0 Mfile Narth of Dielewarn

Another lecation showing teffic congestion wis found an s, 23,
ore tille noeth of Delsware,  “Thisloeation showsd 2 viry small pereent-
age of triseke Jor the hizhor densities,
The seetion of pavement on which obzervitions ware tnken ls 13 foet

ORERNSHIRLDE—TRAPEIC CAPALITY Als

wide, onst of brick voversd with psphalt. No prefilemeter seadings
were laken. The gndace i vatler wavy.

At the {ime the datg wera taken, the Governmetl hod esiablished
during the sununer ¢f 1934, & exitle cunch aboutd one-goarter mile to

TADLE XI
Trarric on U, 5. 23—14 AMrex Noner or Drcawage
; —
Tigmsiby in Fumber ol oap el | —— Frccaniags
A P Y il
1 1 i35 1.a i ]
15 2 e 11.5 a0
177 2 A 11.5 155
154 3 2.9 1.0 8.0
193 2 .7 1.6 450
o] 13 E.E 138 5.5
a4 1 e 4.0 477
P 3 ar.a 1F 4 £2.5
Hia i 323 3.8 .7
pi 1 42.8 ] i
Av, 07 Sum 2 Av, 321 Av, 12,7 5l.7
k] T 0.7 1.4 By 7
fiEs S 11.2 o.T B3 fi
1100 o 1.8 Lo 6.0
10 14 11.5 L1 1.6
_— - 3 — —_— —_—
A, 100 Bura Gy i Av, 11.0 Av. 0.3 L]
Tratfie Obaerved en Morth Honnd Lans Only
Domeley im Vbl | oo b of 10-Yebiele | Mose *Eimoalied®
- A e i
— !
1131 2 17.58 .q
1068 4 7.0 LR
10 3 7.2 4.5
L2TE h 5.2 0.0
L 1 IT_5 KR
L4801 8 i 7.3 /EH
1356 i 1 HERr 0.4
1648 15 T o0
1w 2 B0 [EX]
1722 1 5.1 4.4
15400 2 _&a .0
Av, 1471 Sum &1 oy, 10,10 Ar 01

ihe north of the point observed, The speeds show an vausunl traffe
condition to lave existed,  Apparently most of the drivers wers o
interested in looking at the eatile than they were in rvenshing their
destinations. Table X chows the densities pnd the comvesponding
averngs speods,
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Tahla X1 alse shows the traffic on one [ana only for hepvier dessitles.
Zince thers was ne passing, it may be seeumed that the deafic ot
this denzity may be doubled to represent both lanes as is shown in
the fiest golummn of thal part of the tnble,

It may be abeerved that at the bigher densities there wis consides-
pble Buctuatlon in the density-speed relatiooshin, This was te ba
expeoted, sinee any slow moving vehiele or other cause of delay
waould nffect the entire traffic stream.

The 18G4 aversge daily density of tradfic was:

Fassengit SO, o0 ov. con i aitiesinniiien oy, pirst
Totsl Velidilas . e iaeee e TR

Mlaximam Daily Total Vebicles, ... ...
Furcent of Foreign Vehieles. ... ...

The nvermge before the eattle raneh was cetablished—3 sounts, one
per manth was;

Paseenpor Cm._.........._...................----..--.--...... 1038
Total Vehiclea. cooovvenny s imers i ia s e eeeen o on 2T
Anxinagry Ty Tiedal Vehicles, oo oo oo e e ies, 4000
Peraent of Foraign Vehieles .00 oeeooa s, 10

Druring the existenee of the eattle raneh 3 monthly counta pave traffe
as follows;

BT T i IV 1 . 1
BT T . | .
Maximum Daily Total Yelbeles., ... ..., ... . ........ TR
Frerzent of Toraign Vehiclia. oo iiiiiiniimn oo vnnneevrnins LB

Trafic on U8, 2520 Miles Soutk of Dagpton, Ohis

This Jaention shewed varying amourds of cangestion snd a larger
perceniage of trucks than was found weet of Novwalk, The road iz of
brick with twy fect of eoncrete on one edze, making = total width of 15
feet. The eondensod data ave given in Table XTI

Sinee, for the high densities, & luege peroentsge of traffie wos on poe
lane, 16 is tabulated below, tha firzt colutin representing twice the
density for ane bane, or the prasible density for two lanes,

10
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ne Lans Trafie

Cpr  Smhe L Mus o Je s
E"t‘;“-u-u.r ﬂmupa{lb.élcnwd %ﬁ 'I‘E‘::'L DE:E:::E‘&
1434 L L5 1.0 LAk
1580 L] I8 ] 1.5 LIELO
15 & 2.7 2.E 1006
g2 2 =z .0 JLLUN Y]
Av. iTTH Eum 12 1.7 23 LI 0

These data ere ghewn as curve Cio Flgars 7, and perhaps represong
a common traffie compasition,

TARBLE xXIm
Trabprs 4y U 5. 05—2.0 Mine: oo ar Thivoon

Vihicles piz Hotir firgupa i M Ter Pl-mitg,. in

(Hiraup *Ementand ot Wil pee

Maaz | Lang = Ezenad T h}E'L!;ltl'rL
125 pL O T ] #1.4 12,2 4.0
a4 e a4 a5 7.0 11.2
e -5 4 f 3T 6.5 4.6
el Bibil-Fox 13| 310 37 195
702 | TG 4.5 an . T8

. ] S-S0 5

Y [ B-T1HHD i 5.9 5.0 9
1125 1k B 3.5 4.3 T
1257 | 1867 1 | 4 ALt

The mean speods and the arithenetical sverage spoeda for the tonffic
by hours observed af this location an July 6, 1934, may be of interest,

Mean Spesd in Miles por Foerx
1e-fL o 11-1F =g 33 =2 i 45 T
Houroooooooeeonn, 41,2 4G 400 357 323 352 A0.8 553 182
Awverage Speed in Miles
per Hour, . 40.35 £1.55 41.08 36,30 33.38 37.66 3845 29.93 3 68
Dvamelty (Totol Vehickes
Toth Levwaloean. 3R 38 312 317 T 49 48 43D a8y

The 1834 averaps daily density of trafle was:

Toskenger Cars .., e e e eaaens s T
Tml.':ln...............----------------.---....'--"....-....... HRF
Tobad Vehieles o0 Y B

Meimom Diily Tetsl Vellols,
Ferpent of Forvign Vebicles., ..

L
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RERIFATION 8 DRECI ST ?E;:_m“ LAl LA SRS eurve cuts the zero ordinale in Figare 3, then the speeds for auyr given
) densily
Iy plottlng specde and corresponding densities, 1t will ke found eon- §= = ml (L}
v&rfl_en.l :F. the dl!r‘J'tSItJI:E are expresed in ve]iintea. per mile of pn;ﬂnent. where D equals the deisity i vehicles per mile and m, the slope of the
This dengity, T & found from DD, ti!'l.e fensity in vehicles per botir by engve (0.221 for this exsa). Zinee D' eguals D/, the equation muy be
dividing I by the average speed in miles per howe, writton:
Tha platterd points shewn in Figues 5; seers to reprezent & atealght live 5= F - mlyR
relationzhip betwern speed and deneity per mile, The dain for the or
points for the upper part of this eurve are foumt in Table X, and “Ore B —5F 4mD =0
Lans Teaffe' pape 465, The data for the “51 point” are teken from ar
one lane traffic ehseoved b & point one mile nerth of Delowore on T3, I ++/FF = mD
23, (Table XI). ‘The upper part of the eurve boyond free speed (F) B {33
The eurve showing (he relstienship of 3 Lo Trmay be ploited as shown
= J | | T T i1 ! i in Figure G,
:_"':: — Telerrins te Figure §, the equntion foe enpressing the total time lost
S ! for any density, I mny now be written, T — 5 equals the speed logt
Prran pat wehigle pat mile, wheee ¥ oquals the froe gpeed. The time fost in
E ) mintes pof vehicle per mile is:
e L o] 1
] ~ | T — 0075 — 60/F ()
;f: ™. | wheve LT pouals the time (n minutes) reqoired to travel one mile ot
3 ‘H“x the specsd F, and 00,5 equals the thne mgaired to travel one mile ab the
£ -u}'- ] gpevel B for the given densliy D.
§ '“'-._E‘ Tha total fime bast [T} in hours for all vehieles per mile ia:
] B L T =D {1/S - LjF} 4]
o -] -4

e - .
R ety i Finictes oo M5 oF Frweemerd = 0 Sabstiluting the value of 8 given n equation (2], Usere results:

_ Ergure 5. Speed fn Milss Per Hour Cocrespondizg te o Given Avertgs Dansity 2
1= Vehicles pec Mile of Pavement, T =Dl v~ V¥ (3}
F* oy be fogped feom ¥ by meoltiplying the value of I¥ (9.5 from eurve

evideitly cannot be used eince no zpred drop hoe bren found o apprax.) werresponding to F, by the slope m of Jing (tangent of angle

ocenr miich hefore the density reaches 400 vehleles per bour. . ; : : -
Refersing to Figura & again it will be noted that sinee the cuomve is a between line and horizontal avis) and adding this to ihe valuz of .
atraight line it is only necessnry to determine acourbely twa polels F = 9.8m 4+ F {appron.} ()
to fix it d_im'i"-'“- IP'-'ﬂﬂhU“!l-!"J these points "'.I"'ﬁf‘-'l'-'t be the free speed 14 ehould be noted cthat the fotal dime eunool be estbmated from T,
or & poink in that region m_-n:l 1 polnt near the maxdmum denzity, sinee the density {n vehieles per hour, heeavse there are iwo speeds st which
poiut at esch end of the line gives it the most aceurately, It thus be- the samme density may oceur as shown in Figase 6. 10 the roadway e
pmes neemsary to have obsoovations showing only these twa trdfic carpes Jonded bevand its maximom careping capaeity of sbout 2200
conditions to determine the effeet of congestlon for atl different densitles. vehictee, per hour, the velbeles heoome so erowded that the number
At greanter densitics there is less consbteney owlng to the faef that = passing par hour beeomes bess, Tt is necesary to know the approvimate
fow glow moving vehicles retard the whole traffic siream.  This means spneing bobween vehboles or whether the mood is Jomded Leyomd its
that the data for the hizher denzidy must be nmple. mnximum careying capacity before it i3 pesdible v know which pare of
Lat F* represent the speed (43.8 for this particular corva) whers the phe guyve b use in estimoting U time laee, ;i

11
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Ueing the volue of m frow figure 5, wlhich equals 0.221, o grph show-
ing the time lost for different densitics may be plotted as shown in
Fiipura 8.

Fljgure 7 gives two estimates of the vabue of m for trafie with difcrent
peecentages of trucks. The valoe from curve &4, 19 to 557 trucks,
equsls D332 {slaps of cwcve) wnd the value from B, 293 to 129 frueks,
equads 0272 The valee of F in sach pose & taken o be 43.5, the aver-
age free speed in miles per hour seeured from olservations of traffe on
the open bighway, The points where the dwo eurves out the O apeed
linc, 197 and 167 are based respectively upon the eueve in Flgwre 5,
and purve o plotted from datn given in Tablke XIT,

w i | | I
1 1
pr g 4,
*--_._._g_.-.‘-"n\ca_".'pmﬂ'-f' 4
- e
% Pronar
r I
E n"‘-q'z {
L3 S
g i =,
L [ L
& ; :
® 4 | |
! L
1
o
-t
a-"'""‘
i
4' == . oo o SRl 03 froa

Lhaeraidy - Fﬂ&rl’k:pcrﬁw- &2

Figured. Specd [n Miies per Hour Garrespondiog (o a Glven Densliy in Veklcdos
per Hour on o Two-lane Highwey.

Using the valua of m, 0.232, & density of 10K velilcles per lour, givesa

timye bnss of 2.2 hooza or 14340 hours depending uwpon whether the tralfic
hagexoraded the maxitanm earrylng enpacity of the roadway or not.
Using the value of m taken from curve B, 0272, a density of 0 ve-
bicdes por howr, gives time dosses of 2,5 howrs or 1220 hours,
; Cageve O sheoas nn ectensive extrapolation cwing to the ek of daks fer
higher denzities. Two sssumptions are mode; firet, that the dats magy
I represented by o stonight lee, o, second, thi the funner perrentoge
of trueks causes e alope do be diferent Troo that of ewrve Al

Oreater denzities of tenfie aeewered ab bke hoors when the Frigidaive
Plant, laeated Souch of Dovtan, chonged shifts. At these hours the
traffic was compoged almnst entirely of passenger vehicles and largely of
drivets intent on renching cither theic bomes of the factory. 16 &5
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beligved ihat the peeds olaerved for the bigher densities wers greatec
thian nusy ususlly be expecterd and that this accounts far the fact that

|zl
Frvw Spaes (7, Srecaas o £ Lasea
Aoaabroy 47 Bood Do bizn

L e,
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Figare ¥. Speed Correspeadlep io a Glven Averspe Deosliy, A, Estimated
citrvn for trafic with percentage of teocks ranging iram sbout Gva pet eont al lower
dengitles to ooe per cent ot the marioane. B Tracks ranging from abdin [_[2
per cent at Jower dezsitles do two per cent at the maxlmum. ©C. Drzto token toa
miles spsth of Traytem an W, 5. 238 ; figures show the nomker of 1M-rehicle groaps
alserved for each peint (Table X1
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Flgure & Vehicle Time Loss Due to Congestion on @ Two-lane Highway.

eurve O, aeeosding o the fimdted amount of data elewn, would curve
uprvard.
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It has Baen asanmed i drowing curves A and I that o rondway on
which the freespeed is less than an en open kighway due to physieal gur.
roundings, will not show 8 oss in speed due to congestion 25 greadly os
bhe open road.  This may be expluingd in the following munner; o
denrsity of 1850 wehicles an kour reduces £he averape speed on an apen
highway front 43,5 to 335 mmiles wn hour, bt on soother rosdwsy with s
froe specd of only 35 miles an hour, a deasiiy of 1775 vebdeles an hour is
vecuuired to reduce the average apeed to 25 milea sn hour.

ESTTMATING CONGESTICGN

Having serived wt the mbios of the inerease of congestion to increazing
densities, 4 is possible to estimabe the eongestion of time loss for any
given koeation provided the aversge traffic density is known,

Far example, the pversee daily traffic on U3 20, 2.4 miles west of Nor-

walk is given as M7 vehicles, Lot it be required fo astimate the toe
lngs for the hour 3 to 4 PAT oo o Susday in Aogist.

Correlation of kously, daily and seasonz! vaviations of teaMe expressed
in factars uaed Ty the Tooffic Burean, proves thet for this hewr theps
would bo about 800 vehleles passieg,  The totol vehicle time loss for
this density is about 1 hour.

COHCLUBION

It oy be econcluded fram the stidy of 11350 groups of 100 vehicles
eagh, talen from over 22,000 vehicles obssrved, that the svermge foee
noving speed of velicles on a firgt class rosdway In dry weaiher with the
pereentage of tracks varvisg from zern to ten is very nearly consinnt and
ergual 1o approximately 43 miles per hour,  This speed holds For sither
a two or theee lane highwsy,  Tha bumps par mile an one logation wene
twalve sad on ansther 492, showing that s certain smount of rewghness
has litile offect on the zpeed.  Passenger spoeds of over 30 miles per
howe and teael speeds of 00 miles per howr ware recordad,

The averzge fres apeed of 18 buses obeerved was 4106 miles por hour,

The menn “smecthed” speed of 550 Hght trucks (met cote capacity of
2% tona of less) wes 310 miles per hour and of 225 hesvy tracks (et
mata eapacity of & tons or more), 324 miles per hour. The spesd
range of the light trucke taken from a normal probobility curve was as
followa:

AFeEr fianon or Laonr Tnocks

3 Parceatugs of Likld Tracks
Py Fravefing o g thas
i
i ]
5540
= 11 ]

B0

SwsBl
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The epeed rmnge of 225 heavy trucks was as follows:

Srerr Thxae or Heavy Teoees
Furanl ol Meavy Traek
L U":T-'.I L5 L]

Hlkﬁ'mhm II*“;Elﬂnl‘BLp&:-luw than
14 I
1 50
w 250
4 350
o o3

The speeds recorded show thet ns congustion nerexses them s less
ponsistengy in the epeed-lensity ratlo.  As dhe zpaee bedwesn vebieles
hecomes less, the effect of a few slow moving vehicles beocomes pro-
nounesd, which means thet with the same avernge speed, the density
mny viry acnsbderably.

TAELE X]11
Trnaewic oy Orao 3, T, 5 B-A—Eroewarish FARK—CLEvELLND

Perrcens Vehlcdes om Bach Lare
Mumber of

[ereity In 1 jpnbgsicy | ., S
Fmeomhed ]
.I:";';_"ﬁ:;_ nm?:d hm I L ‘Wesk Eaxt
i i & ]
L H] 12 ] 18 = ad 0
[{eti] 10 hA4 1Y w a2 14
L] 1l 3l 14 i B 13
] & i 13 iy £l ]
Av, 2170 | Ramdd [ Av. 353 [Av 131 | Av 372 JAv. 354 | Avo 120

Menn “Smicothed” Spesd for Lono 1—335 .0 Miles Per Hour,
Mean “Bminathed™ Eneed for Lone 2—35.Y Miles Fer Houwr.
Mean "Emnothed” Sprod for Loee 5—35.4 Milkes Fer Flour,
Mean “Emvothed” Spesd for Lore 52—32.5 Milzs Fer Hower,

TRAFFIC ON 4 FOUR LANE ROAD

Truffic data taken on poutes Ohio 2—U8 G20 at Ldgewaior Pasle In
Clevaland, gove same indigndsn of the trafie capaciyy of o foor lane
higheeny,  Sinee no tracks are allowed on thiz boolpvard, the eesolis
casnil be applicd 1o mixed traffie.  The specd mnme was observed o be
relngivedy wnilocm, tanglng belwesn 20 and 50 miles per bour,  The
drop of 0.8 miles per beur iz wot aofficient do show the beginning of
congestion.  The data are shown in Table 31T,

STEED RANGE PO DNIPFERENY DEHSITITS

The data for different densitics tulien 2.4 miles west of Norwalk an
T3 B {Tubde X1V show (hal as L densiky noretses the spemd mnge
fecrenses. There was & larzer pereentaze of trucks Tor the lower densi-
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ties which prabably aceounts for the compoeetively large percent of
vehicles trivvelivgs at low speods for the lawer densitics.

The data avpilably on the Blpes, iy is believed, will, when propecty
analyzed, give the suswer to other traffie problemsz.  For instance, the
distanee required for one e 00 pags another, together with the elearance
on the appegite e, i evidently sontained in che data at hand.

Hher phases of trafic behavior, such as the eficet of curves upon
speeds, immedistely presend themselves and witheub doebt fuecher
tnvestigakion &5 net only desiralle bl aesossary if the knowledme of
traffic i to keep chronst of the problems arising from the faed fhat
driving on improved highways with speedict snd more powerfol velicles
e wtill subject to the physdeal limitatlons and mental pereeptions of the
ilrivar.

TATLE XLV
Srrze Rancs ron Dierepsnt Deeames
U, A 2—24 Miles Wit of Nopealk

Percearaga al Tebilm Travalng ab or bee thag Govan Mile per Hour
M“E’..ﬂ:i:“ - Aliks per Hour I
ar Haur 2 | w0 | n I P! | .
Per ek

] 1.2 5.0 .0 m.a lz' 9.5

Y 0.5 i IR ] t W4

i) 0.3 1 pEN : 3.0 2.0 I .5

1A7 n.a | 1.0 2.0 n§.5 B0.0
1205 ] 2.0 | 70,0 08,6
1417 - #O | 880 " 4

DIECTUSSION—TRAFFIC CAPACITY

M. J. Bowrease Bronrss: [ would Dike to inguine i any of vou bave
wsed the simple method of getting swr-ol! apeeds over o atreteh of high-
way by reeonding the tap number of the vehicle entaring the stretels ol
checking the seme tar mumber on leavieg, I owsed this methed to
sl vantage it Chicagoe an the Laka Front Highway and found plenty of
vehicles that wers renching the Jackson Ptk exit st spesds of 30 moph.
and upewnrds,  Even during rash howes the speeda would nverags prodey
close to 47 ad as o malter of faet they had to rolf aleng pretdy near ab
or got pushed out of line. L6 ssemed inugh casicr G jog along with the
coowdl b 50 miles. This methed wia challenged in eourk and T hod
some diffisulty in anbstaniisting the asewrney of the test beeanse i was
not a 100 per pondt oeunt.  We voted che tap numbers every 5 o Lk
second intervals at Grant Parls sod enozht e ot tlee cnd,  OF sourse
sume crror might ovewe by Uie ren with those vehisles cought ab Wie

14

BIECUTESION—RAFFIC DAPACITY 73

bewinning of the interval ot ane end and u8 the eod af destination. The
oppnsdeg lewyer claimed that this wes so laeourate that it “meant
nothing”  But the method seemed o e very ressonalde,  We wera
slsm nhle to loeate oteervers and frd the speeds 10 and from intermedinta
peintz on the Loke Front Highway run. By this magthod we dizgeeered
the astounding Fast that rush-hour trafle-way speeds were blgher than -
cren catiptes-teaffie rush or mid-Oay specds oo these express highweys,
bt just the reverss on normel aity streets.

ag, W, 8. Cawwres, Keystore A ulomtotite Clud: [ have made some
st iz by placing my own vehlele ina graup of vehiples nenning omn w
partieular gtrect,  The instruetions to the driver were to keap in posi-
tipn in the group. I & vehicle &t normal speed passed our car, we would
pas one vehjele, Two watehes were used, one o stop watch,  The
iiee of erassing reriain Interssctions wus notisd by standard walel lor o
distapee of ¥ mile, 2 mites, 5 miles, checking each third or fourch inter-
aighion.  If stopa were muds, the stop wateh eame into play snd the
[enpth of time the vehlels was actusily ab 2 standstill—the time wotll
it begon b2 move agaln—was noded, tagether with the sason for that
stop, In that way o clnrt was developed which would show the reasen-
able avorage runming epoed betwean the tove eitreme prints and ot any
puints in hetween and alao the delays and the reasons for these dilays,
[ don’'t koow whether that method, erade as it may be, would apply to
{he case of which Br. Bibbing speaks, but it hae worked for ma.

Mu H, Henmiey dMaser, Peousplvarie Deportmend of Hipheaya:
1 i cather diffeult to desermine thé traffie eapacities of bwo, three or
foair lane roads From observation sialions withoui o cather clabornie
sat-np,  This is demonstrated in Professor Greenshicld's paper.  But
when you ams deiving & ezr yen Lnn'n.' when traffie i deleying your
progress.

Heavy iraffic en main highways “:I" probekly be confined fo koets
nudjaeent to lange centora of population et ecertain peak load perfods. B
lengr trafo lanss are provided eseh fane could seoummadets ona thou-
sand [P0} vehises por hoar without serions trofie impedinent eseept
where cross Lealte i of sufficicnt megoitods to reguire etop-zo traffis
catibrol, or trafie poliee, When this condition prevails serious delays

il pesnlbt Bhod will panze teatfic con gestiod.

“AL ks frequented sideroncls the main traffic aﬂenes vwill prove u
sorious barrer to efoesing o turning iraffie.

Where the velume of troffia al, nny point approaches the thooreticsl
maxizngm road eapoelty, it roight Ew ly Is_:uR:le Tn _['Il"ﬁ'l.ilﬂl'.‘ grmic sc;m-
ration for intersecting ronds. s

The detennining feature b o coe: |.u:|.u‘: az: |‘:t‘|l:‘l t‘nul:- b 'bs].-’-.q,r.'l. r.lr.'l i
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traflae avalysis that will insluds nag iy the trafhic Aow i each dieection
bt alzo the svernge delays thut will be oceasioned during these peak
pariods to each vehicle invalved.

Another factor in teafie Oaw that eequiees study i belt line con-
slraetlon Lo divert through teaffie [rom ity streets.  Hers azsin studies
muet be mode o dedenmine the dime soved, the cast involved and the
savinpa effectad in vohicle aperating posls,

The widening of through routes as they approach chickly populated
perrters B accommaodade leeal traffic requires the same analysis.

Theza probiems may ke anolyzed by mesns of traffie counts nod £he
propress of an aatamebile in trafe.  The recond af the progress may ho
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Flgure |, Trdp from Maclay 5t Harrishurg to Clark®s Ferty Bridee, Sunday
Howeuker 2, 1030, 125 Miles.

secired by means of an instroment aténched to the awteonobile whish
markes a gradusted sibbon dndieating the specd of the vebicle and the
tima lost due to cross teaffie, stop labis, slow maving trafia, SoTEnskion,
roeadd eonditions, e,

In Penusylvania wa have equipped a ownber of douring cors with
Recordogmphs that indieats the speed of a ear graphically on a ribdon.
Obeervers it the oar recond the rmason when speed i reduped or wher
delays are cocountered, By plodting this information e o speciad Torn
& graphic ploteee of traffie eobadilivnes is proesented,

By correlating this information with ground stations it la possable fo
obdain necaradely tho teafie eapaeity of rouds of varciows widtha,

Az avesinly of recordograph studies it iz apparent that with tradfic nok
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creending G00 vehicles per hour the dwo-fane road provides smple capogs
ity to carry the bralfie exeept when dow moving traffe i encountered.
With this volome of traffie it is very kazardeuz to attzmpt to pass due
ti thee volume of encoming wraffe which is st the rate of about cne car
every twelve seoonds,

On the thres and feor lane roads traffie movernsnt was singigloely Froo
fromy slgns of eongestion with trafie up o PB0D vehicles per hour and
fram cheervations end counts mede nf five minute intervals with trafis
b the rnte of 5,000 vebicles por bour ne aengestios wes noted.

The theee lans rond prozente a cortain teaffic hazard due to cars in
apposite dizeetions frying iv pass ak ihe same thne, but with careful
driving and due regords 0 the rebts of sther opetalogs this bazard 3=
rechipeed £ & miodroune. There will of couree always he the hazaed of
the irresponsible apeed addict who uses the santer lane na o speedway.
Thiz trpe eperator muwst be eliminated by revoking the driving privilepe,

The rreeerdograph traffic analyais is an ageurate methed of deter-
mining the traflic capaciiy of kighways and a valuable aid in determining
treffia comlitions,

Figura I indieates how the materinl i pssembled for anedysiz,

The Lrip shown represents Sunday teaffic on Rowée 13, Eareishurg to
Clavks Ferry Dridge.  The disienes was 120 miles, theeretical fhae
20.3 minutes, actual thme 25 minwdes,  The retiaen t5ip ws moede in 26
mitkes,

With tzaffie sxeeeding 703 vehicles per hour & noticenble impediment
tar (rve novernend wis pppaccit oo the two lune read; the theee ond foer
lang roads were not congested.



