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Part V.-Signalized lltiersectiolls 

.iNTRODUCTWN 

In part IV it wa.., shown that the basic 
caps city of any highway (.acility is seldom 

·achieved becaus£' of the effect of a large 
numher of variable f8.ctor~ that· tend to act as 
retardants to (ree velucular movements. 
The.se variable factors were enumerated and 
measures of their effect have, in some ca.sc~, 
already been determined, One of the more 
Important elements limiting the capacity of 
IJ.uy f~cilit.y, especially that of city streets, is 
the intersection at grade. Because of the 
many variation8 i'n the lay-()utof intersections 
a'nd the multiplicity of impediments which are 
usually inherellt in dty traffic, the capacity 
of intel'~ecUons is here treated as' a separate 

. subject. 
The Hi~hwl\y Capacit.y Committee found 

that very little mllterial had been published 
on t.his subject, so it ,,'as necessary t.hat some 
reseil.rch he performed before gatisCactory data 
eould be assembled. In addition t.o the datil 
collected by committee members, a large 
amount of materia.l was furnished by most 
of t.be St.ate highway departments, and by 
officials of many cities, as a result of solicita
tion by the Bureau of Public Roads. Some 
cities, including Chicago, PJilladelphia, Mil
waukee, and Washington, assigned several 
men to the tlJ,~k of obtaining information on 
l\ scale never before at.tempted . The analysis 
represents the conditions reported for hundred~ 
of intersections and many mont.hs of tedious 
work by the Uureau of Public Roads.> There 
will, of oourse, be additiolB .and refinements to 
this report which may be issued as supple
ment;; as furt·her analyses are made or 8.'3 more 
data. for specific conditions become available. 
Thcre is lit.t\e possibility, however, thAt 
additional data obtained within any reason
able length o{ time will materiaUy change the 
present result.s. 

There Ilre certlliu fMtors that influence 
iUltersection capacities for which there are 
no availa.ble da.ta. Particularly perplel\ing 

A city street u:io.ded to iu possible ra};>(Icity during Tush hour . 

among t.hesc is the extent to which euviron
mental and operating cha.racteristics, which 
might vary widely between different localities, 
influence the Dumber of vehicles that'can pass 
through an intersection in a period of time. 
Local traffic regulations, t.he degree of enforce
ment, and t.he education IJ,nd training of drivers 
are among the element.s thnt comprise these 
environmental conditions which c/lnnot be 

. evaluated from the material at hand. Their 
average effect, however, is included. 

The llUmber of usable obserys.tions for "orne 
of t.he conditions covered is less than would be 
desirable, but t.he result,:; have in aU cases been 
based on far more information than has here
tofore been ~vailable. 

(iNns FOR EXPRESSING SIGNALIZED 
IN1'ERSE€TWN CAPACITy 

Current pra.ctice in expressing in tersection 
capacity varies widely among individuals and 
t.his accounts in pa.rt for some of the COIl

troversies that have bee II known to develop in 
the pMt over the llumbersn( vehicles that 
can clear an intersection in an hour.· It is 
important tha.t the reader have an under-
5tanding of the units of m"'i>Sure used in. this 

report, for otherwise the results are 'iUbject 
to misinterpretation. 

Basically, an intersection consists of· au 
inteTi'ect.ioJ) ares. And a number of legs or road
ways on which vehicles approach alld lea.ve 
the inj.ersection area.. The t.raffic signals limit 
the number of approaches on which vehicles 
may move at one time, whereas the w·e of 
exit lanes is generally 1I0t restricted by the 
traffic signal. 
. At some locations, where all legs are not 

of the same width or where traffic backs up 
from an adj~ent inter~ection. tbe capacity 
of the inl.ersec1ion may be dependent upon 
the capacity of the e~it roadways. Gen
erally, ho~'ever, the capacity of the ap
'proaches conl-rols the capacity of t.he inter
section. It. is also seldom that all approaches 
are burdened to their full capacities simu\t.al.1e
Ollsly. The maximum total volume from an 
approaches might conceivably occur when no 
one of the approaches WIlS congested. It is 
appropriat€, therefore, that intersection ca
pa.city be thought of in terms of the cap~ity 
of ellch of the approaches. 

The number of vehicles that can enter an 
intersection is dependeut UPOIl a la.rge number 
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A downtown street. in a large city during lin off-peak period. The traffic load is neor I.he 
practirol capac;fY of the inter.~ecaDn. 

of faewTS, some of whkh are "ariable while 
other~ a.re fixed or semilixed. r,ife re lHllIlbers 
of vehicles are of little value \I nks>; they are 
accompanied b,· ~u fficiellt· information to per
mi t their evaluat.ioll ill cOllsideratiou of (hese 
f:wt.ors. As a minimum requirement, a unit 
of limn and n IInit, of ro9.dway width are 
e.,,~ellt .ial. These two units, t.oge ther with the 
IHlmber of vehicles, call be incorporated in an 
expression of the rate of now relative to time 
and ~trect widt·h . 

That port.ion of time occupied hy the red or 
STOP ~igllal indicat.ioll hSi; no ll1ilil y vallie 
ini;ofar as the traffic which it hold.; at· It staud
st.ill i5 COllCeI'IICd, This fixed port-ion of Uoe 
time is lost to t.hal t.I'afilc, there beillg a zero 
rille of flow . Hence, only the time during 
which the signal i~ grE-en (t.he (;0 signal) is 
used in calculating fates of fl ow, IIml Uoe hour 
of green is the Ul\it ill which it is expressed. 

By applying t.he fraction of t.he total time 
that the signal i.,: green for a pa.rticular 
movement to a known rate 'of flow in terms 
of vehicle:,; per hour of green. lhe nl1mbH of 
vehicles that Cll,n cnter t.he intel':'ection from 
that a.pproach eluring 1 hOllr of I.otal elapsed 
time call be readily calclIlated. In applying 
Ihe Cll.1H\city values given 1:l.1er ill t·he report, 
the reader is ca.ut.iol\ed against addillg the 
amber time or any ponion t.hereof t I) t he green 
time in calculat.ing the percentage of t.he tot.al 
signal cycle elnring: which truffic Oll one 
approacll leg of t he ill wr:;;ectioll i .~ free \0 mo\'c. 
Thi~ woulrl produce errone011S re.~lIlt~ beclluse 
vehicle~ that entHcd during the amber period 
have bel"n combined with tho~e thal elllered 
during the green period t·o obtaill the houriy 
rA.t{!s shOWl! ill this report. 

bet. ween curbs of 20 feet. for one lane ill each 
direction or a clear width of ,10 feet fl)f two 
lane" ill each direct.ion would he much more 
efficient per foot. of width ,.han, for example, 
a. street 27· feet wide for t.wo-dirent.ionsl flow. 
Trial ana.lysis of the dat.a revealed, ho\\"e\"er, 
t.hat iutenlect.ion capacity vllries in almost 
direct. ratio with the widt.h of the apprl}!lch, 
measured from the cllrb line, and that th~ 
rr t ~ sl1Jt.s {or comparo.ble traffic conditiolls were 
more consistent whell bs~ed on the capacity 
per foot of wid th than when ha..~ed on the 
capacir,y per traffic lane. 

For example, Il 04-foot street hnd I.he ~a1l\e 

capacity per foot of width if it \\':~s striped for 
either eighl or six lanes, whereas I he capacit.y 
per lane was great.er for the 8ix wider lane.~ 
than {or t.he eight Harrower Inlles. \Ilith (.he 
wider laues, the vehicles in the same lane 
travel closer together nnd fewer vehicles 
stracldk' the lane lines than they do when th e 
lanes are uarrow. 

The bo.~ic unit "vchicles per 1 foot o{ widt hI> 
is, however, .~omewlmt unrealistic and iuvolves 

very low traffic figures . The to-foot width, 
which approximates the widt·h of a lane !IS 

uSlially defined, ha,,, therefore heen adopted 
a$ the most· convenient ullit of measure. It 

,should be horne in mind , however, that the 
approach width used by traffic enterillg an 
intersection from one direction on a two-way 
~t reet is lIormlllly ollc-half of t.he t.o t.al ~trect 
width IIll less t.here are safety zone~ or islands. 

To ~ummarize hriefty the foregoin~) the 
. capacity of signalized i(ltersectiohs is el:
pressed as vehicles per 10 feet of width per 
hour of green. 

CAPACITY CLASSIFICATION 

The problems encoulltered ill 1lI0dng traffic 
through intersect.ions at. grade vary ill coru
ple:dt.y {rom those wUlaliy foun(1 in rural a~9.S, 
where the ollly interferellce to traffic is 
create'l by t.he cro,,~ movemellt of yehicles, to 
those found in urban area$. where t.here are 
pedest.rians. cars ent.ering Illld leaving the 
tr3.ffic streo.m on the approache3, and husses 
toppillg to di~chsrgc or I. ick lip J:as;:engcn;. 

Basic Capacit.y 

Wit.h a lit.tle imaginat.ion, it. i~ p~5ible to 
vj~l1alize a rllral intcrl'ect ion ,,'i t.h 110 int.er{er~ 

ence to traffic except.1hat created hy t.he cross 
movement, of vchi(l\es. If (his cross traffic is 
properly controlled . hy a traffic signal, t.he. 
bmden of the interference is tran~ferred to 
thllt signal. The ('.ondition I.hen existing is 
cornpnrable to that. a.t !l. signal in~1allat.i on in 
all isola.ted area with no cro."s moyement, the 
only interference being that. resulting frolll 
the periodic in(,errupt.ion t.o t.raffic when the 
8igna\ ,.urns red for I.ra.flic on t.he highway. 
This is t.he type of intersect.ion where hasic 
capacity can be l'ealized a.nd. as such. is 
wort.hr of brief consideration to discover how 
traffic perform!; at this ultimate rate of flow. 

In part I v of this report it was sta1ed that 
Ihe basic capacity of a 12-foot t.raffic lane OIl 

a multilane highway is 2.000 pa.qRengercars 
per hOHr. The inferellce might be that the 
basic ca.pacity of a ~imilar t,ra fflc lane at So 

The basic ullit of width used in cxpessing 
the capacit.y of roadways is t he traffic lane. 
Wht'n t.he allal.l' ~ i:'\ of I he inler:~ectil)n data 
wa..~ begun , it wa.q also belicvl"d that t.he 
number of \twcs would he a. most impofl.ant 
controlling factor and that street.~ of certain 
widt.hs which would l; rovidc {or all even 
number o{ 9- to J I-foot lanes would be more 
eflicicHt, than ~treet,~ that Were !;omewhnt 
narrower or wider. It was believed. for 
example, that a street. with a ciCBr widt.h 

A streetcar l(){Jdin • i . .1l1"d. Pedestrians crossing to the island are doing so in "jolalivft oj 
the red signal indication. 
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signa.lized intersection is 2,000 vehicles per 
hour of green because under . ideal condition~ 
the sign~l would seem to he t.he only impedi
ment.. find that the detrimelltal effect of the 
red indication could be eliminated by con
vertinF!: .. he r~te of flow to vehicles per hour 
of green time. This deduction is not enl.irely 
correct. however, heclI.\l~e olle of tche condit.ions 
that nlllst prevail for t.his high volume to be 
realized is the movement of all vehicles at n 
uni(orm ~peed of about 30 mileR per hour. 
This uniform speed cannot be achieved if any 
single unit of the traffic ~tream ii; 5topped for 
,my reawll. 

''lit.h a low traffic volume, many vehicles 
will appr::>ach t he illter.~ectioll whi.1e the signal 
is green and proceed throu.'{h a.t a reil.Sollably 
high mte of speed. With heavier volumes of 
traffic, II.n increasingly l2.rge numher of vehicles 
will be stopped by tile red illdicaiion. Irre
~Jlective of t.he traffic v.olume, some vehicles 
will slow down when t.urlling. or for pedes
tri<l.ns, thus affecting t.he whole traffic streR.!n. 

farkMvehicles deprive a street of a milch greater portion of Itsable width lhan the .'T.Jace 
they actually occupy. This street i.s in an "intermediate oren." 

When the volume approaches the possible 
capaeity of the intersection so that every green 
interval is flllly utili;>;ed, t.here will always be 

. lIigh traffic den.~ity on a one-oroy street .in a dOlcntOlon area. Where bWl'8e.~ continuously 
load and unload, a ru!gl1gible nlLmber oj passenger .~ars utilize the first lane. 

some vehicles waiting to ente.r t.he juter~ectiol\ 
as the light. tltrn.~ green. Under this condi
tion. a relatively high percentage of the cars 
approaching the ' intersection will be required 
to stop even on a street with tl synchronized 
or progres.;jvc signal syst.em. 

Wit.h most vehicles coming 1.0 a st.op, the 
average speed at which they can cross an inter
section Ii; 10 to 15 miles per bour. With 
t.raffic moving at a speed of 12 miles per hour. 
the highest rate at which a ~ingle line of 
vehicles can enter 8D intersection is 1,500 
passenger cars per hour. As a confirmation of 
this figure, experience has shown that the 
minimum spacing between passenger cars 88 

they ;;tart from a standing position one 
behind the ot.her in a 12-foot lane averages 
about 2.4 seconds. The time intervals for 
the first two vehicles in line are usually con
siderably greater than 2.4 seconds, bllt 
betw.een ~\I('(:eeding vehicles the interval 
decreases progressively 1I11 til it reaches an 
average winimum of 2.1 seconds betweeu the 
fifth and sixth cars in line. 

Within the range of Ifehicle~ normally ac
cOlllmodated by oue signal cycle, 2.4 seconds 
is a reprt.;!entati\'e average headway. This 
headway corresponds to an hourly rate of 
1,500 vehicles. H follows, then. that the 
basic capacity of an isolated signalh:ed inter~ 
section is about 1,600 passenger cars lper 
hOllr of green per 12-foo1 !.ane, or 1.260 
vehicles per 10 feet of width pel' hoUl' of 
green. This figure corresponds t.o the highest. 
rates at which "ehicles have been observed> 
to pa.~s a point on a roadway removed from 
the influence of intersections ·aHer being: 
stopped. It 0.)1>0 corresponds to the rate;, 
attained for each Ulovement t.hrough a signal
ized inter>,ect.ion where there are separate 
signal indications and t.raffic lanes lor each 
traffic. movement, and few pedestrians, so 
that the pernl..itted movement.s do not interfere 
with one another. 

Possible Capacity 

Ba.sic capacit.y C!l.n be attained only under 
the ideal conditions previously described. 
Inherent in any traffic slream, however, are 
.several causes for minor delays, such as 
stalled motors and inept drivers, which can
not be eliminated by any practical means. 
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Figl£re 21.-0peral.ion of traffic at tr rural inter.<ect,ion loaded 
1·0 it,s possible (·upacity. 

Figure 22.-()peration oj traffic at. a rural intl"rSeClion loaded 
to its pracr.iCltl capacir.y. 

Thpse conditions are included with t·he ideal 
in dett'rmiuing basic intersect.ion capacit.y. 
o Basic capacit.y, how/wer, does not, include 
any reduction in capltCity cau.~ed by thp. 
following, which are the principal factors. 
that' tend to reduce traffic flow at int,oTf;{lC
t-ions: 

L Parked vehicles and Ychicles heing 
parked or leaving parking areas. 

2. Turning mOVements. 
3. Commercial vehiclc~, iuc]uding 

streetcars. 
4. Pede:;trian interference:<;. 
5. Inclellle~t weather conditions. 

When the basic cnpacity of an intersection 
.is redu(){:d by the effect. which t'ach of thelie 
fa(,tllrs Olat are present has on the traffic 
flow, the possible capacity of the intersect-ion 
is obta.ined. The possible eapadty of an 
Intersection alPproach, ther,e(ore. is the maxi
mum number of vehicles Ihat actually can be 
accommodated under (he prevailing condi. 
tions wilh! a continual backlog of wailing 
vehicles. 

Practical Cap(lCity 

When the traffic volume on any intF.TSeciion 
approach is sufficient to ta.x t.he approMh to 
its possible capacity during every signal int·er
val {or an hour--th:J.t is, when there is always 
ll. backlog of waiting vehicles--:"'there will be 
t.imes when the queue of wa.iting traffic will 
become extremely long, resulting in lengthy 
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and intolerable delays for a large numbpr I){ 

drh'ers. 
Thi:> i8 iIIllstrat!'d graphically b)' fignre 21, 

which show.~ the length of back-liP, in te.rllls 
of number!'; of vehicle~, that, occurred at an 
int,ersfction approach loadpd to its possihle 
capacity. TrAffic approaching the inter
section from one direction was of 8ufficient 
I'olume to utiliz(' the full green period during 
fach signal cycle for a full hour. SODle dril'ers 
in this particular example were required to 
wait through $ix signal cycles before rellching 
and proceeding through the intersection . 
Such Jengt.b.v delays are intolerable and the 
(.raffic volume at which they occur can cer
tainly not be considered pra.ctical. · Yet, 
becallse of the normal short-t,jme \'ariation in 
traffic Row on approach highway;; or streets, 
this is the typical condition which must and 
does occur at an intersection when each green 
period of a fixed-time signal is fully utilized 
for an en Lire hour. 

The 'pradical capacity of an intersection 
approachr Is the maximum volume that can 
enter the intersection from tihat approach 
dur,ing [ hour with most of the drivers b'eing 
ab'le to clear the i,ntersed[on without waiting 
(or mor-e than one complete signall eyde. 
With the normal short-time variation in flow, 
practical intersection capacities have been 
found to he approximakly 80 percent of the 
pos~ible capacities. In other words, at most 
inter;;ec tion.s few vehiclt's will be required to 

wait for more than one sigMl cycle if the 
hourly approach volume is 80 percent of the 
po~ible capacity. The c.ompru-atively little 
delay when the approAch volume is 80 percent 
(If thc possible capacity is illustrAted by figure 
22 ill which the approach volume is 80 percent 
of the approAch volume shown in figllre 21.. 
It, should be noted that all oC the green periods 
were not fully utilized Ul\der the conditions 
represant.ed by figure 22. 

}'Jal\~' attempts to detennine intersection 
capacities have been bl1sed on rat()s ttHained 
during green p eriods I,hat, were fally utilized. 
Other attempt.s ha\'e been made by exp8nding 
t,he average rate I'ttained during the five or 
tell green !)('l"iods- in 1 hOllr IV hen the largest 
t\ limber of vehicles pa.<.sed through t,he inter
section. The first method compleLcly ignores 
the normal short.-time fluct.ul1tion in traffic 
flow, whereas the second Ulptbod fails to 
recognizt' the effect of inept drivers And A 

variety of ot.her fact.ors j,hat, a.re ever present 
in any tro.ffic stream and cannot be climillat.ed. 
As a result, theoretical intersect,ion capadt-ies 
are calculated which are much higber than 
those pO>lsible of attainment eY()l1 Ulldcr the 
best of prevailing conditions . 

The results obt.ained by eit.her of these two 
met.hod;; Me highly fact.itious and aprroach 
the basic capacit.y of intersections. Bffore 
these extremely high volumes could be attained 
in practice it would be necessary to elimina.te 
those {(\cLOrS that cause any reduction ill flow 
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;. below the Ta.t.eS attained during sharI, pea.k 
perio&. Among these factoTs are the IItallillg 
of motors, swpping to pick up pa.ssellgers, a.nd 
traveling a.t spacings greater thall t·hose used 
by the small group of reckless drivers. 

CLASSIFICATION OF INTERSECTION 
TYpES 

When t.he engineers throughout, the country 
wel'e asked to furnish data on observed inter
sect.ion volumes t.llat could be lI"ed t·o deter
mille inl.ersectioD capa.cities, t.hey were 
request.ed to suhmit. the highest traffic cOllnt· 
lm.de at each intersect.ioll during a period of 
1 hour while most of the greell intervals for at 
least olle approach were fully utilized and a 
high percell ta.ge of lohe drivers had to wa.i t· for 
at least. one full signal cycle hefore ent.ering the 
intersect.ioll. It i8 evident. therefore, that. A street intersection in a downtown area during a peak period. 

It i" extremely difficult t.o i~olate each of 
the variable fRctors that reduce traffic flow 
at signalized intersections and CO determine 
the extent to which each influences the 
capacity o( int,e rsectioll approached of different 
widt.hs. Efforts to segregale their effect one 
(rom the ot,her are oft.en frllSt.rated by the fa<Jt 
t.hat. they a.re in mallY cases very closely in ter
related a~, for example, the number o( right 
turns and the number of pedest.rian" crossing 
the intersect.ing street. Even where t.he 
factors affecUng capacity can be ~egrega.ted 
and evalnat.ed. the different. conditiollS under 
which they may lat.er be applied are so varied 
in character t.hat, the ref;ulting estimat.es of 
co.pacity .,hould be considered as approximn
tion.~ only. 

This inrerlOectWl1; in an inter,'nediate ure(l, is /ooded beyond its p~actiC(J1 capadtj', Park
ing is not permitted Off tile approach in this blod·. 

For example, in the cli5C1l8~ion of turning 
movements which appears later. each I per
cent of lcft.-·turning vchicles is said to reduce 
the capacity of an inter~ect,ion approach by 
1 percent. Although t.hb factor is correct for 
the o.verage intersect.io'l under average coudi-

the data IIpon which t.he following rcsult.s are 
ba~ed represent volumes exceeding I.he l)ract.i
CM capacities . . It. is 1101. likely, however. that 
a.ll tlll~ da.t.a represent. possible capacities wit.h 
all green' int·ervals fOT an honr (ully ut·ilized. 
This conditio)) ra.rcly occur$ even at. I.he most 
congesled inler8cct.iOlls. The lwerage con
di tion represell l.en is, t.herelore, somewhere 
between Ule pos~ible and pradica.l capacities. 
Were this not true for da.t.a obt.a.ined at the 
mo;;t conge~led intersection;; throughout. lhe 
country, lhere would be no tra.ffic problem III 
Tllral or urban intersections. 

Olle hour is generally the shortest period of 
time tha.t conforms t·o current· traffic,collnting 
practic.e. The hourly mtes shown as a result 
of these illvestigation~, therefore, include t·he 
short-time varia.tions that normally oeeUT in 
the flow of t.raffic. When applying the resull" 
to intersections where there are except ionally 
heavy S\lrg~s of :3hort durat·ioll ,or where the 
ftow actually exist;; for les., tba.n al\ hour, sl1ch 
as at all entrance or exit, at. a (net-ory, the 
capacity rate5 ))Just be ca.lculated for a like 
fractional part. of an bour. 

puaLlc · ROADS. V..,. 25, ND. 1.1 

An intersection in an out.lying area, u'ith ailded tilrning lanes fo~ left-tnrn morements 
and separated turning Innes for right-turf' ntOtl<:!l7tent8. 
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All interJ'ection in a dOU'ntoum area oj a small cit.y during (Ill off-penh period tt'hen p(J~kiTlg 
U'(J~ permined. 

tionf>, it.s application will only produce reasoll
ably accura.te reRult.s (o!' a.ll conditio!ls. 

Precif)e results cannot be expected in a 
broad applical,iOil to illl.ersect.ioll>- of vnried 
width Bnd having different t,ypl':'; of traffic. for 
many reMons. Among the"e afe: 

1. If two or more sl1ccessive "ehides 
de~ire t,o tl!rn left .. the elfed. per vehicle 
ou the capacity of the Mreet i.-; not as 
great as if I.he \'ehicle~ turned at more 
widely spaced illt.er\'al~ . The larger the 
llumber of left-turning \·ebicles. the lesser 
t.he e/fect per vehicle. 

2. The effect on capacity of left-turning 
vehicles i~ related to t.he HlImber of on-

coming vehicles going straight through 
and turning left. 

3. Ench left.-turning vehicle crosses t.he 
pnth of pedest.ria.ns moving wit.h the green 
light, and therefore the effect of a left 
turn iii to "ome extent dependent. on the 
number of pedesl.rial\s. 

4. A vehicle wniting t.o mnke a left. 
turn cnllses a greater relative reduction in 
ca])ncil.y on II. narrow street than on a 
wider streel· or on one having a. wide cen
t.er-dividing i~lllnd . 

It. i~ ob\'io\l~ t.hat, \he correction fl1ctor~ 

needed to meet. t.he possible cornbinations of 
the fiyc elements enumerate,l under t.he dis-

Ail inursect-ion on a high-type facility. The I:r(tjfi.c volume ;8 near the pTflctical captlcity 
of' the inter8ection., although bet.ween inlersect.ioll8 the hightt'(J;)' is adequate fo.,. 0 

milch greater l-ofu.me. 
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cussion of po~~ible capacity would t.ot.1I1 a \'cry •. ! 
sizable number. Rather than attempting to 
a.pply each of these val'ied correction factor.;;, 
it is much more fel1sible that int.er~ections be 
grouped into certain cl9.<:..~es or categories (or 
which the combined effect of se\'eral element.s 
which u:sua.Jly OCCllr in about the same com
bination can be casily determined or applied. 
The ca.pacit.y of any intersection that, does not, 
fall directly wit.hin a pl1rticular elnss can be 
det.ernlined with a reasonable degree of accu-
racy by int.erpolation. 

The vari(l.hle.~ by which illteri'et'tiolli< have 
b~en clMsified I1rc aA followi:': 

1. St.Tee/. lI'idlh: Varions ranges of street 
width withill which I.he capacit.:; per 10 
feet. of v.idth shows little variation when 
01 her con clition:" I1re comparable. 

2. Type of area: Downtown, inter
ml'diat.e, or outlying. 

3. Parl'inv regulalirms: Parking pro
hibit~rI or permitt~d. 

4. S/rNlraTS: With or wit.hout st.reet-
cars. 

'fhl'se varia.bles are sufficielltly descriptive 
to cla$sify mo.~I· intersection~. It. would have 
heen dei'irable (,0 hl1ve had (urther break
dowlls for items such as the percentage of 
commercial vehicles, the presence of bl!~

lOMillg zones. the percent.a.ge of vehicles 
involved in turning movement.$, the extent 
to whicl} the piITking ,c;pace$ were \I tilized , 
and the numher of pedest.ril1ns. The four 
\'ariables li:;ted above, howen,r, are suffici
ently desaipt.ive to classif)' rno",t. intersections 
so Ihs-t. the ncl.ull.l caplldt.J· for nny condition 
can be e~timll.t.(;'d with a real>onable degree d 
accuracy. Withill the dowutown area, for 
example, mo4 available parking spaces will 
be utilized I1lld there will genernlly be IL large 
number of pede~trians during t.he peak bour. 
If t.hi s is not· true at the pa.rticular in (.f'r
section under consic\erlltion, a capacity either 
in t.he upper or hwer part of the range for t.he 
dowIJtown illtcrHect ions would be more appli
cable thall I,he !\verage vfllue, 

!FaMe 17_-AI'c"ll~e ,oj ma:l:imum ob8~rt'ed 
capacities nt urban ,,;gnali::.ed interser
~ions free from. streetcars (lnd curb park
,,~g on the nppr(}(J,c/t ,.treet,,; For ((p
prQ(lches 'oaded be_voJt(/ t"eir procticn/ 
i,npa,,;ties 

I Approach "i,ltl> ~sume,l 10 h~ one-h511 of tr.tlll ,trout 
wi<1tb o4'(>,m"" thf.e r"slIlts iDrlu<.l~ l\'-o-w:)'Y ~tr~.t~ only. 
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HIGHEST OBSIERVED VOLu~n;s FOR 
AVERAGE CONDITIONS 

Capadties where park~ 'Dg is prohibi,ted 

TlI.ble \7 shows the average traffic volumes 
recorded at II. large number of intersections in 
cities dL~tributed throughout the country, 
during perio& in which t.hc ):.Olumes I1P
proliched the capacity of the int·ersections. 
These results are for four-wll.Y intersections 
cont.rolled by fixed-Hrne signal" and free from 
streetcars and parked vehicles on the approach 
st.reets. The range of volumes averaged in 
table 17 i~ shown in figure 23. 

The difference between the figures shown in 
table 17 and the btlSic int.ersection capacity of 
1,250 vehicles per hour of green per 10 feet of 
width can be attribut.ed to the combilled effect 
of pedestrian.s, turning movemenf.s, commer
cint vehicles, short.-time fluctuations in flow, 
and other causes as they were present at t.he 
a.verage intersection of each j.ype. In down
town areas the reduction below bas.ic capacity 
hom t.hese causes f\.verages about 40 percent, 
while in intermediate and out.lying a.reas it is 
slightly larger, being about. 43 pt':rcent.. 

III the downtown a.reas, there iR little differ
ence in t.hevolume of tra.ffic handled per unit 
of width by the narrow and the wider street.s, 
wherea.~ jn the intermediate and outlying areas 
the narrower street.s handled somewhat more 
traffic per unit of width than the wider street~. 
A number of explanat.ions can be offered for 
this characteristic difference botween street 
widt.h.~ in the various area..~, bllt. stich explana
tions are of Ii ttle practical 'Value llnless the 
effect of each cause can be e,;tabli~hed and 
applied when estimating capacity volumes for 
specific intersections. The averages of the 
more import.aut conditions affecting intersec
tion capacitie.~ that prevailed at locations in 
each area where parking is prohibited are 
shown l1t the bottom of table 17. 

Capacities where parJ.ing is perrtlitledi 

Table 18 shows t.he averfl.ge t.raffic volume5 
recorded at inter~ectiol1s where parking was 

'Fable 18.-A,'erage of ma.rinllUIl ob"ert:oo 
capacities at urban signllli::;ed intersec
tions free. front streetcars but with curb 
parking permitt.ed on tile approach 
Iltreet~: For (Jpproache.s lQaded '",yond 
their practical capacities 

I I I 
I 

DOl'TI' Inrer· Out· 
(.()\\On mediate J,yin{( 
arE~n urea area 

VEHICLES PII:k IIOl'R OF DRERS PI'R 10 FI'ET OF 
A pl'/lO.I<' 11 \\'IDTH I 

Total stf~N· ,,·jJt.h, cmll 
to ('urh : 

31-40 r""t.. ..... ... .. 3S~ 
~; -f,.J feel......... . .. ~IO 
6.S reet nnt.! owr ... "._ 4fO 
AU widthS..... ... ... 39& 

Pf(l~,trbn "fossings .... _ 2.700 
P'fc~nt~(. of v~h!c1~.s' 

Turrul'lg r!llht. ~ A ___ • 1 j 
1'urning left......... 9 

Percentage of comm.r· 
clal nhicle'.. .. ...... II 

OCG 

6 
8 

10 

2CO 

H 
\I 

12 

I APllro<ICh width assumed V> bo one·hal{ of total 
street width bi'C~1l.<e tbese results include two-way 
street.s only. 
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Figure 23.-FrequenL"y distribution of intersection capacities. 

permitteel a.t t.he curb ou the approach streets. 
Except for this feat .ure, t.hese intersections are 
comparable in all ot.her re.spects to the inter
sections for which data are shown in tahle 17. 
It is emphasized that. t.he rates are for the 
entire approach width, including the portion 
of the st.reet. occupied by the parked vehicles. 
This bJl..~is for showing the result.s ~'as lIsed so 
t.hat. the total effect. of the parked vehicles 
could be obtained without introducing error.~ 
by deducting an asslimed street width (or t.he 
space they occupy. The range of observed 
volumes averaged in table 18 j~ shown in 
figure 23. 

Comparison of the da.ta shown in tahles 17 
and 18 reveals that. capacity volumes on down
town street" where parking is permitt.ed fire 

about 55 percent, on the average, of those 
ohserved where parki.ng is prohibited. In 
intermediate areas the effect of curb parking 
is somewhat less, causing an average reduction 
of about 35 percent. In outlying areas, where 
but few vehicle» park, street capacity is gener
a.lly not impaircd by vehicles parking or un
parking. The occasional driver who does de
sire to pl1rk is usually able to pull direcUy into 
a parking space insj.elld of backing in as 
is required in area..<; where most parking 
spaces are occupied. 

Hoot»· bus trnjJic in II downtown area.. A't this iitU!rsection busses load and unload at 
both the curb arid tI.e outer Beparato'r. 
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Figu.re 24,-Averal5e reported . l~nt.ersection capacities for two-way streets by type of area 
a'nd porking regulation. 

Curb parking has less effect. on street. capac
ities in intermediat.e arcllS away from business 
centers than in downl.own areas, because fewer 
cars are (Ollllel at the curb even t.hough it. may 
be perfectly legal t.o park. Al~o the t.urno\'er 
is not lIS great, resulting in less iuterference to 
the moviug tmffi.c. 

It is especially significant thtLt whateHlr the 
width of a dOWHtU\n.l street,. intersection 
capacities where Clirb parking is permitted are 
from 43 w 4.7 percent below t.he capncities for 
similar st.reets where curl:. parking is pro
hibited. The difference {or the two condit-ions 
is not due entirely to the street space occupied 
by the parked vehicles. Also incl\lded is Lhe 
combined effect of th," many other faCt9rs that • 
tend to restrict traffic flow which are present 
where p3rking i.<; permit,ted, silch as t.he int.er
ference to through traffic ctLui;:ed by drivers 
maneuvering to entcr or leave parkilJg ~paces 
and the t.endency of drivers 10 SllY aWIiY (rom 

Table 19.-Al'crtlge reported capacities of 
doum.tol(;n street$ at intersection~ ",here 
there ure tWQ car tral'k-s and a loading 
i81and with no parking adja.cent, to the 
island 

S1T~tt widtn 
I Vebides per hOur of 

rrN'n per 10 feet of 
'wi<1tb 

I 1-. -~I-
Ba~td on ' Il.~',l on , I Wllhh Curb 1.0 I Curb 10 ~ot.al bel w~'n 

curb I$land Width 01 curb and 
OPPI'OO('.b platform 

Fat Ful 
b8 H 4118 857 
64 17 r001 7()() 

iO 20 385 OJ:!~ 
'JO 30 3S3 575 
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pa.rked vehicles t.o avoid the possibilit.y of 
hitting l1 car ~taTtillg to pull out, or a pedestrian 
coming from bet"'een the pnrked vehicles_ 

That a line of vehicles pMked adjacent to 
the curb reduces the effect.ive street widt.h 
mOre than 7 or 8 feet becomes evident when 
sf.reet widths lIecessa.ry to accommodate the 
same tra.ffic volumes l1t locations where park
ing is permitted aud where parking is pro
hibitedare co Dl})a.red. Figure 24 shows, for 
example. that t,he average 40-foot street with 
110 parking in a dowlltown a.rea can accom
modate the same volume of traffic a.~ the 
avera.ge 68-foot street 0)) which parking is 
permiHed. Thi$ is a. red1lction of 14 feet in 
the effeetive widt,h of the 08-foot st.reet for 
each line of pl\rked vehicles, 

Figure 24 shows graphica.lly the relation 
bet-ween the livernge reported inter~ccUon 

approach. capacilie., and the tot al street width. 
for the three t.ypes of areas. The condition~ 
for which t,he curves apply are listed on the 
chart. It. will he noted that these conditions 
are reprl';;entath'e o( t.l)O~e occurring at the 
a yerage in ter5ection, !l. r;eparate eu I've being 
shown for street,s on which streetcars operate. 

The conditions listed au figure 24 are not 
an of t.hose preva.iling that lIJfected the ma.xi
m urn observed vol limes during l>eriow; that 
traffic How exceeded the practica.l ca.p!l.citie~. 

In the average downtown area, for exa.mple, 
t.raffic regulations are 1lI0re rigidly enforced, 
!I1'aHable parking spaces are more fully uti
lized, )l.nd t.here is more stopping to tmloll.d and 
pick up passengers, thAn in the intermediate 
areas. Tbe differences between these condi
tions in the two types of a.reas account in part 
at· lea8t (or the higher a\'ernge capacities on 
streets of the same widths in the intermedia.te 

8rea.~ dum in the downtown area.~ when park
ing is permitt,ed, whereas the re\'el'$e is true 
for the streets when parking is prohibited. In 
other words, street ctLpacities are increased 
le;:s by prohibit.ing parking in 3reas where a 
low demand. for parking exists and parking 
restrictions are not. enforced, than in areas 
where t.he demand is great and parking restric
tiolls are enforced. 

Capacity of streets baying streetcars 

The presence of streetcars can MIect. the 
capacity of 3 street in a number of ways, de
pending on local practices and regulations as 
well as on structural features such as loading 
islauds . Headway between street.car~ and 
t.he question of whether or not, free-wheeled 
vehicles a.re permitted use of the car-track 
laues are matters that must be considered in 
addition to all the elements that perta.in to 
the capaci ty of street,s where there are no 
st.reetcaTS. 

The following characteristics are peculiar 
to most. downtown intersections where con
gest.ion is a problem and where there are iitreef... 
car tracks: 

1. Loading islands or sa.fety zones ar6 
provided on the itlter~ect.ion approach. 

2. Free-wheeled \-ehicles are not per
mitted to use the car-t.rtLck lane adjacent 
to th.e loading i~l!l.nd. 

3. Curb pl1rking i;; not permitted for a 
distance equal t,o and usua.lly in exce-;s of 
the length of the loading island. 

Table 19 show~ ll.vernge reported capncities 
for dowllt,on'n int.el'8ec1.ion approaches where 
the foregoing conditions prevail. These lig
Ures are for strnight-through tra.cks only. If 
t.he intersection is blocked by streetcars turn. 
ing, the time during which Cree-wheeled ve
biclcs Are prevented from moving for t.his 
J'eason should be deduc1ed (rOll) tbe available 
green signal time_ The range of volumes 
averaged in j,able 10 is shown in figure 25. 

It will be noted that t,he capacit.y per 10 
feet of width decrea.scs rapidly with an in. 
crease in tl'll' Jist,Llnce between the curb and 
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Figure 25.-Frequency distribution of ob
served intet'section capaci.tie$ on down
town streets with streetcars. 
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t.hp. 1000ding platform. This suggests that 
pedest.ril1ns going to and from the plat.form 
ma.y in~rrupt. the flow of traffio to n. great.er 
extent. when the street widt.h betweell the curb 
a.nd platform i~ wide than whcll it. i::; narrol\'. 

EFFiECT OF VA'RIL\BLE CON]HTIONS 01'\ 
CAPACITY 

Among 1 he "ariahle condit.ions that affect 
cspa.city of intcr;3()ct.ions are the proport.ion of 
commercial vehicles in t.he total t.ratlie \·olulfie. 
the exi~tence of bus stop~, the ext~!lt of tUrIling 
movements, t.he type of ~igllal .'<y::- t.em, and t.l\(' 
1\se of one-1"ay opemtion. Th(\~e cOl\dition~. 

I.I\(I tlleir effect.s on the <.·t,pacit~ · of intersec
tion~ of the {,ommon t.ype. are cOI 'i"idered in 
the following para.graph". Thereafter, the 
cap!1.city of int.er~lJ dioll;; Oil l1igh-type facilit.ies 
is di s(,1!~~e'l. 

Common-Type Intersections 

Cou,o\crcia~ ve'hic.le5 

The Jlre~ence of commercial vl:hiol/,,$ tends 
to red ute in ter."cctiol} capaei tie" in te.rllls of 
the t·ot·a.t number of vehicles becal1~e their 
acceler!l.t.ioll ralk~ are 10\\'er il.1HI they OCCLIPY 
more road spac/> t.h9,1l plL~senger car~. On the 
I1I'crage , one commNciai vchicle, not incll1ding 
thoRe that stop to pick lip or di~cll!lrge pas
sengers or goods. is equi vnlcnt ina n in ter
section capacity sense to two passenger eA.N. 
Thi.~ is true only when they are 110t. ill \'o}\,€,,1 in 
turning lIIovement~ or where tilt' turning 
movcments can he mafle without 'llorn thfl.!\ 
normal interference \\'i1.h ot.her I'ehides. 

Bus stops 

TIle effect of b\l".~e~ ~toppiug to load and 
unload pa..~!\engel's Oll the c3.»ad t.,v of a ,~pecific 

inter~eot .ion depends to a large ext.ent· 011 t.he 
many (Uffert~llt conditions pre~ent at· the int.er
section . Analyses of the availa.ble do.ta ~how 
the followillg re8ult,<; for the avernge conditions 
preYlliling at ~ignalized intersect.iol\s \\'lwre the 
total street width is \lnde!' 60 feet : 

1. Street.s in the downt.own and inlermedill.1e 
areas where parkillg is perlllit(.ed, except at 
a near-side bus st.op, have a 12-percen\ higher 
capacity than t.he street~ where b\l~~!l do not 
load and unload :wd parking is not re~t.ricted 
near the in te r.section~. 

2. In the downtown and intk'.rmedil1te are!l.~ 
where park.ing is prohibited, the ::,t.reets with 
bus ~top~ on the neST side of the intersection 
have 11. l.5-percent lower capacit.y t.han the 
6t.rect~ wl](>re th('re are no bu~ .~top.~. The 
correspollding figurt's for far-",idc bu:; stops are 
8 penent in the downtown a.rea..~ and 20 per
oenl. in the intermediate areal<. 

There i;; eddence, therefore, t hat. eli mina
tion of parking near the illtersect.ioJ\ to pro"ide 
a. b!l~ stop help~ more to increase the capacity 
than the s\.opping of t.he busse~ decrea:<e~ the 
capacit.y. Al~o, on streets where parking is 
prohibit.ed, t.he results indicate tha.t to achieve 
high capacities bus stop" in the downtown 
area should be on t.he far ~ide of the inter
sectiO!\R wherever po~" ihle while stop~ out.s.ide 
of the cel1t.ra.lllU~iness district should be on the 
near ~ide of the inj,erf;ectjons. It is recognized 
tha.t cOllsiderat.ions other than street capacity 
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A Y inl:eTseel.iol1 on (In expreSSIf'Oy. 

oo.en govern in t.he 8fllectiolJ of bus stop loco.
t.ion. InSlifficient da-ta are available to draw 
ltlly concl\l~ioll~ for ~treet", over 60 feet \I'ide 
or for the relative merit~ of neal'- alld far-~ide 
stOPE ort st·reets \\'here parking is permitted. 

The above figllres apply only to conditions 
found at. the nverag'<) intersection on street~ 
in t.he t\\'o type~ of a.rea~. There MC many 
~pecific conditions that are far from average. 
Probl\\)ly (.he one condi(.ion which i..:; apt t.o be 
farthest (roill average at a ::-pecific location is 
t.he number of busses. A few "Iudie" COil

ducted on the ~ame streets tillring period~ of 
normal operation and again during periods 
lI'hen the blls opcrator~ were on strike ~how 
that one b\l8 has t.he same effect. on intersec
tion cnp3dty as three to five passenger cars. 
The~c rcsult3 apply only to locations where 
parking Wll~ prohihired for \·he entire di5t.ll.nCe 
betwe('ll intersections and rclat.h·ely short 
st.ops In're made b~' t.he b\l;;.~e~ to pick "p and 
~liseh1l.rge passenger;;. 

Ohservntion;; also indicat.e thnt. on lI 'ide 
multil::t.ne ~lreet" where there are IL I:trp;c num
ber of bu~se~, or the bU5~(,~ stop fOr long periods 

to tllke au and dbcharg,e p!l.~sel1gers, t.he husses 
in each direction red lice th" etfect.h"e ::-t.reet 
width for p.'lSsenger car" by at lell.St 12 feet. 

Tu"n~ng rnovenlents 

The I;'xtent "0 which t.uTIlin/!: movement.s 
reduc(! the capadly of inter~ect.iol1~ is depend
ent upon iluch condit.ions as t.he ill(crsection 
lay-<lllt or t.reatrnen I.. pedestrian mOVClllf:'nt·. 

the volume of oncoming t.rallic, and , of COllr~e, 
upon t.he llumber of vehicles turning ri~ht or 
left. In mo~t instances, .. he detriment.al eff('ct 
of turnillg movement.~ in rural are!\5 Mn be 
greMly redllced t.hrollgh proper chann.?liznt.ioll 
an,l widening of the pavemcnt. l'llder ad
vcr~c c()ndit·ion~, t.he effect of turning OIove
me!! Is may be Sll fficien t1 ..... greil t. to reduce t.he 
praeticul ('ap:tcity of an intersection on a two
lall(' road or street. b ..... as much as 50 perccnt. 
On a multilane facility under similar condi
tio!!;;, t he left Ja.ne lllay have it;; capacit.y 
redll~ed by 50 percent. or more as a. re~ult of 
heavy turning mOVl'lHent~. 

The only general criterion obtained by 
al1R.lyzing the available intersection dl1ta was 
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Fignre 26,~lnte.,.section capacitjes oj one-way streets by t.ype ojnrpa nndparking regula.,.ion 

that each 1 percent. of the total traffic t.urning 
right reduced tIle capacity flol\' }i pE'rcent., and 
that each 1 percent of the tot.nl traffic tllrning 
left reduced tht; capacity ftOl\' 1 percent. 
ThE'8e pt;rccntl1ges :1,pply only where there L" 
no sepa.rate signal indication for the turn ing 
mo .... ements and where aU turns comprise less 
than 30 l>ercent. oi the tot·al tmffic. Above 
30 percent, no additiona.l dccres..,e in volume 
WIlS apparen t. 

\Vhere t.here are separate signal itldicat.ion.~ 
{or turning mO\'Clllents, careful il)"estigations 
are u~ually required and it i;; difficult to formu
late specific ru1~s for l·heii(> situat.ions, A . ., a. 
general rille, the t.otal street width is pro
portioned between the various 1lI0Yements in 
the Tal-io of the nUlJIber of lanes utilized by 
traffic in t.he performance of these movement>'. 
'fhe capat'it,v for el1ch separate movemeut i~ 

t.hen computed, usi.ng as !l. bll~i~ t.he lell~t .h of 
the int-erval and width of street allotted to the 
particula.r movement. The capacity of the 
illter:;ect.ion approach i~ a .;umlllntioll of the 
computed caJlacjt.ie~ for all movement;; em
anltting from that apprOitch . BecaLl~e the 
object of ~eparate signal indica.tion8 i~ t.he 
elimination of coltftkt". hetwccil \'ll\"ious 
movements, the rate of Bo\\' for turns will 
genem!ly be the "ame as that for straight.
through movements, 

Sign31J system 

The t. ~' pe of ~igl1ltl system on II. ~treel makes 

t.he system i.~ immediately thrown off balance, 
The higher speed for which the syst.em 1I'1l;; 

planued cannot be regained until t.he traffic 
dellsity becomes less t.han that. which oeems 
when the street is carrying near capacit.y 
10A.d$. The benefits accruing to "ehie!e 
operators AS n result of t1 progres<>ive signnl 
system arc reflected in a :-lt1ving in time to the 
traffic using the racility, hut this time gavin.1I; 
declines mpidly when the practical capacit,y 
i:; exceeded. 

The ~avillg in travel time with a Jlrogre;;~ivc 
syst.em is not directly related to t.he ability 
of the street to handle I.raffic in ternL~ of t.he 
nllmber of vehic1~;;. Normally', the actual 
n umber of ve hicle~ that. ca.n pllS~ a poin t. d 11 ring 
I honT is not iJicres.~ed appreciably by a pro
gres,;j\'e sy~tem. The exceptiou is where the 

distance between traffic signa.ls is so short 
that the road SPace between them will not 
accommodate the number of vehicles pnssing 
through one intersection and headed for a 
second int.ersection durillg one complete signal 
cycle. Thi:;. being true, there is a possibility 
that sounder principles may be developed for 
adju$ting a progresllive s~'~tem for peak loads 
as a re;;ult of thcse investigations. 

One-wa,y opera tion 

Figure 26 ,;hows intersection cllpacitie~ lor 
one-way streets hy type of area and parking 
regUlation when 10 percent. of the traffic is 
commercial vebicles an<l 20 percent of the 
total traffic is involved ill turning movements. 
The advantage of one-way streets o .... er t.wo
way streets from the capacit.y viewlloint is 
illustrated for certain conditions by figures 
2i alld 28, The Ild ,'antage of one-way streets 
over two-way streets will \'ary with the dis
trihution of traffic by dire('tiou on the two
way streets, the relative number of turning 
movements involved, aud t.he width of tbe 
streets. 

Figure 2i shows th e advllnt.age of one-way 
streets over two-way streets in 111e downtown. 
area wbere two-wa.y streets normally carry 
between 50 and no percent 'of the trAffic in . 
one direction during t.he peak periodll , Ex
cept for the streets o"er 60 feet wide with 
parking 011 both i;ides and a 50--50 distribu
tion of traffic by direction on the two-wa.y 
streets, the capacity of a one-wa.y· street is 
higher than the capacit.y of a two-way ~treet, 
For t;xample, n. one-way street. 20 feet wide 
with parking prohibited has il.\.lproximately 
double tht; capacity of a two-way F.:treet with 
parking prohibit.ed when between 50 and 60 
percent of tIle traffic on the two-way street 
j~ t.ro.veling ill tIle one direct-ion. Likewi!'!e, a. 
street 50 feet wide will accommodate between 
4-5 and 60 percent more t.mffic with one-way 
operation thlln with two-way operation, 
depending on the diBtri\)lltion of traffic by 
direction on the two-way ~treet. 

Also, II one-way street· with parking on one 
side will accommoda.t.e approximat.ely the 
same total traffic liS the same "'idth of t.wo-

. little difference in I he po~~ible capacity of the 
facility, Alt.ho\lgh a perfect.!y plitnnerl pro
gre~:3ive signal ;;.v~t.cm may {unction \\'cll with 
low or even mo(lerately hell,vy traffie \'olumes, 
SOllie traffic will be ~I .oppcd by the red light 
at- each signal whrll t.he traffic I'ol\lllle becollle~ 
sufficient to t.A.X the cn.pacities of the iuter
sect.ions. Vdlicles followhlj~: on the lIext band 
will be slowed hy these ~'Aiting vehicle;; and 

Tlae effect oj left-turnin.g vehicles on intersection capttcit;es i.~ dependent upon a Lorge 
numb'er oj t.'ariClble COlldit.io·ns, 
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way street with 110 parking. The tw()-wa~' 

streets are considered to be at their capacity 
volumes whell the traffic ill the direction of 
'the heavier flow equals the capacity of I.he 
approaches nsed by traffic traveling in that 
direction. 

Figure 28 sbows the comparMive capaciUes 
of aile-way and t.wo-way streets in iuter
mediate areas wbere the volume in one direc
tion includes lip to 67 percent of the total 
flow on two-wa.\' street.s. For this condition 
there is o.l~o a greateradvlI.ntage in making 
the na.rrow street£. one-way thaJl in making 
the wider streets one-way. It mar be not.ed 
that. the total capacit.y of a two-way street. 
wit.h a 67-33 distrihutioll of traffic by direc
tiou,;. is the same when parking is prohibited 
as when parking is permi tted on the side 
ca.rryillg the lower traffic ftow. Also, a one
wa.y street 50 feet wide withparkiug on both 
side;; hl\6 the sa.me capacit.y as a 50-foottw~ 
way st.reet either with no parking or with 
parkinjt Oll one side. 

Intersections QrrHigh. Type Facilities 

At highway intersections where pede>ltrian 
interference for the most pa.rt is elilllilla.ted, 
where :;epara.te lanes for each traffic movement 
are provided so that the permitted movements 
do not interfere with one another, where 

. commercial vehicles are uot present, and 
where the geometric features of the highway 
are of Do high standard, a. basic capacity of 
!l.bout 1,500 vehicles per hour of green per 
lZ-foot la.ne may be approached. The type 
of facility to which this is applicable would 
be a divided highwa.y, in Do rllral or an urban 
area, wit.h a.dded turuing lanes of adequa.te 
de~ign provided for both right and left t.urns, 
'I\'ith shoulder space for disl\.bled or tempo
rarily stopped vehicles, and with no other 
roa.dside interference on the spprof\Chf:S of the 
iutersection-that is, a facility normally 
referred to as an expressway. 

Where such coudition!! exist, the method 
(or capacity ana.lysis given for street inter
sections is not directly applicable. Il18tead, 
II. procedure of starting with the basic capacity 
and reducing this value 1.0 fit prev:loiling road
way and tmflic conditions is slIgge5ted. 
Bec~use ~ 'xpress-tJ'pe facilit.ies are intended 
for rapid vehicular movement with a milli
mum of operationsl delsy.- practical capacity 
rather than pos;<ible capacity should be used 
for de::<ign. Under the conditions outline(\ 
in th~ preceding paragraph there i.~ !it.t1e 
difference bctween basic and possible eapacity. 
Since practical cltpacity at il\ter:<ection~ ha.~ 
been fO\lnd to be ahout 80 percent of pos~ihle 
Cll.pacit.y, it follows that the practical capacity 
of s 12-foot traffic lane i,~ 1,500 X O.80=1.200 
pa~senger vehicles per hour of green. This 
is equivalent. to 1 ,000 pas~ellger vehicles per 
hour of green PCI' 10 feet of width. 

ADJIJSTMENTS FOR SPECIFIC 
CONDITIONS 

The ahilit.v of intersections to accommodate 
hIgh hourly' traffic volumes hnoO been grossl)' 
overrated in the past. The lIpplicationof 
attainable capacities, which in some c./).sos are 
so low as to be ast.onishing, will be an impor-
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Figl<re 27 (above) llndfigltTC 28 (bclow).-Cotnpari-'!Oll of .average st.l·eet intersection capaci
ties Idth one-uYl), and two-way opera aon. in dOl.(lntol(ln (1M in interrnediat.e arens . 

t.an t slep in :lollev,latin!; congestion on existing 
faciHties and in estimating the needed improve
ment for future requirements. 

As prcviously st.ated, the intersection 
capacities that have been pre~ent.ed are 
a.verages for maximuln recorded t.raffic vol
UInl'6 under the condit.ions that prcvailed at. 
t.he avernge intersection of each general c\J!.ss. 
They are peak \'olum~s during periods that 
the appro!l~h.ing traffic exceeded the pract.ical 
interse~.t.ion capacities. Since there is a wide 
r~!\ge in the maximum volumes for each 
group into which the intersect·ions have been 
classified, it is es-,ential, when estimating the 
capaci ty of any specific intersection, that. the 
avera.ge figures as presented be adjusted to 
provide for the diff~rence bet-ween average 
cO'ndit.ions and the existing or (uture condi
tiODS at the specific location. Figures 23 and 
25, which show the distribut.ion of observed 

rates at. congest.ed i nt.ersect ions, illustrate tlla 
need (or msking Ruch adjus tments. 
Ratll ~ exceeding tho;;e for the average 

intersection are applicable only when condi
tions which res1.rict the flow of traffic are not 
present in tl)e ~ame degrcl' as at the average 
intersection of the same class. Likewise, when 
the restricting conditions are more pronounced 
t.han at the avera.ge intersection, and this 
will be the ClL~e about 50 percent. of the t.ime, 
rat~s below average should be applied. 

The highest rate.., recorded are about 700 ve
hicles per 10 feet of street width per hour of 
greeu or GO t.imeilJ arellS where parking is 
permitted hetween int.ersections, llnd about 
1,250 vehicles per 10 feet of street width per 
llOur of green in area;s where parking is pro
hibited. These rat.es canllot occur where t.he 
various movemellts interfere with one an
other, where pedestrians are present, or where 
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Fle;>;ible lan.e .. Rage: Norm.aU,r I.his is a t'u:o-tooy street-, but during the rnorning rll-sia Ihere 
are jour lanes pro"ided jar 80uth-boun(1 traffic all-d one (Qlle, restricted to I'ocfll lind 
blls trqfJic, jor north-bound vehicles. The operation is reversed jor Ule afternoon 
peak load. rJ;;.dely Ilpaced t,'Chides .9l1ggest m()(l.erQ.tely high s/)eeds, which is indica
,it,>e oj hea.I»)· !)olu-me with ['ttle congestion. Nole thaI. the single parked veh:icle has 
depril>ed traffic oj the lLse oj ujllll kme alld,jllrt.her, t.hat traffic passing the s(_anding 
vehl-efe allows {J wide nwrgin oj dearnn,:e. 

trucks or husse~ are pTesent.. Even under the 
most ideal condit i<'11~ for high capaci(.ies where 
these raM's did occur, operltting conditions 
could not he considered :;<fl,t,j"factory. 

Int.erBect,ious on existing or contt'mplated 
fa.cilit.ies. should not be e:o.:pected to accommo
date the peak cn.p!Jcities t.Jlhj, have been 
recorded at t-he few \(.cations where conditions 
were most favorable for high ra.tes of flow. 
Such ~n expect,alion would probably result in 
operating conditions thnt. would be II'S5 favor
able than tllo:;<e lIOW present in our most 
con gested areaOl. 

If it were po~sible to list, all t.he factors that 
tend to Teduce int.er$eeLion capacities, a.nd l:he 
quantitative effect of cn.ch, the most appro
priate procedure t,o follow in estimating the 
capacity of a specific intersection would be to 
start wit,h the capaeity for ideal conditions 
fl.nd deduct a. certa-in amount for each of the 
prevtl,iling condit-ions that are not ideal. This 
proceduTe is !lot. possible of aPl)licatioH, how
ever, because a qUAntitMive measure has been 
obtained {or only the more .important fnctors 
that affect intersection capacity. 

A number of adjustments arc necessary 
when applying the information (or averlLge 
iHter~eetion c01\dition~, a.s shown by figure 24, 
to a specific location where conditioll5 nrc !lot, 
average. The mO,'lt important of these ad
justments are described here. 
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I.-Two-way streets with no arldled I.uruing 
lanes Hod no separate signal perjo<J lior 
turning n'O"cnlen ts 
1. POSSIIlLE A!'D PRACTIC.\L CAPACITIES: 

A. ?o,~Rible capaci/.!/.-Oll an u.verage, pos
sible cnpaci\.ies arc about, 10 pel'cent higher 
t.han lhe average rat.es represented ill figure 24 . 
Volumeg 10 peroont higher will psss through 
the int,erscction, but only ,yiOI a coutil\Uo\l:'; 
l.Jacl'-log of vehicles and e~tfemely long delays 
to B. high perce ul-age of the drivel'S. 

B. Praci iw[ c"pad/y.-Ou all avemge, prac
tical ('lIpaeit.ies fire about 10 percent lower t,han 
the average rat.es represented in figure 24. 
Volumes I ° percent, lower will pa.s;;: t,hl'o ugh 
the illwN>cction with few drivers having 1.0 

wait longer tha.n for t.he fil'St green period. 

2. COMMERCI-\L VEHICLES : 

Subtract. 1 I>ercellt for each 1 percenl. by 
\\'hidl commercial vehicles exceed 10 percent 
of the lot.sl !lumber of vehicle.~, or add 1 
percent for each 1 percent. t.ilat cOlllmercial 
vt'hiclei! are Ie:;:;; t.ha.n 1 ° percent of the total. 

3. TURNINI"1 MOVE~rEN'TS: 

A. Righi lurns.-Sllbtl'acl. }~ percent for 
each I percent. by which traffic turn illg right 
exceed~ 10 percent of the total traffic, or 
add l-6 percent for each 1 percent t.hat traffic 
t.urning right is les~ than to percellt, of the 
total (maximulli redlictiQn fOf right turns not 
to exceed 10 percent) . 

B. Lefl /Ur-ns.-- i'\ubtract percent for 
each 1 percent by which t.raffic tllrning It'ft 
exceed.': 10 percen t. of the t.ot.al traffic, or add 1 
percellt for each 1 percent I.hat. traffic t\lrnin~ 
left. is less than 10 percent of the tot.al (maxi
ilium deduction (or left turn.;; 1I0t to exceed 20 
percell t) . 

Noll.'. Maximum dccitlction for right and 
left tllrns combined should not exceed 20 
pcrccll(.. 

4. Bus STOPS A~D EI.flll)/ATIO:!'I OF P.\RK

orr. NEAR INTERSECTION: 

A. On streets where paTh-fig i f prohilJited.
(0) No bus st.op: Add 5 percent. 
(b) Bus ;; top 011 near side: Subtract 10 

percent. 
(c) Bus stop on far · side: Subtract 3 

perccnt in dowllt,own arcs:; nnd 1.5 
percent ill intermediat.e areM. 

(d) Where the number of busses i;; so 
great t.hat at leas t. one is alwnys lofl.ding 
or ullloading, subtract 12 feet frolll each 
appToach wiclt.h for either ncar- or far
side stops II'hen applying the curve..;; in 
figure 24; then add t,he number of bllsses 
and make the adjust,men til for items 
I, 2, u.nd 3, above, but do not, include the 
b\ls;::e~ IlS commercial vehicle:> in Hem 2. 

D. On streds wi/·h bu., stOPIi (ltld where park
ing is pcrmilfed except al the bus 8101'.-

(s) With hus stop on near side: Add 
% perwnt for each 1 percent of right and 
left turn:;., but maximum increase not to 
exceed G percent. 

(b) With bus stop on (ar side: Make no 
correction. 

(c) Where the number of busses is so 
great that ILt least olle is a.lways loading 
or unloading: Subt.ract 6 feet Irom the 
approach width for either neal'- or far-side 
stop£ whell applying the curves ill fi!!;ure 
2'1; theu add t-he uumber of bUfses and 
make t,he adjustment-s for items l, 2, and 
3, above, but do not include the busses as 
commercial vehicles, 

C. On stree:s ,vhere purkilliJ is pcrmiJ!i'd and 
there arc no bus slops.II-Deduct. ~~ percent f9r 
each 1 percent that. right and left turns com
bined are of the total traffic, but maximum 
ded\letion not to exceed 6 percent. Then, jf 
parkillg is prohibit.ed more than 20 feet in 
advance of the cross walk, add 

-(D-20) P --sG- percent" where 

p= t.ot.al percentage o( right and left 
turn:>, but Jlot to exeee-d 30. 
D=dist.ance in feet that parking is pTO
hibited ill advance of cr068 walk. but, not 
to e~cee<l 5G plui'< 20. 
G=secollds of green indication per signal 
cycle. 

" The (\isellssians eonc:" ning th~ ne;;d.d length 01 no-pnrk· 
ing 7.On~, in ad vanet (II Cl'QSS wa lks. the N\.p~clty of .>dded 
tUrnl"~ l~l"" (ltt'-m II). Ule ,'trt'''t 01 ""varale .lgl1!l\ indica· 
/Ions (Hem flll. ~nd tho proce..lure lor determining capael. 
Lies 01 intersections on one·way $t! ~NS (item IV) and 011 high· 
tyV< f;\()ilili~.s (item V), rt'Pr(''''nt a r~tlon3limtjoll b<lSed on 
sucb I~el.s and data. (IS ato a\'ailablr. conC<'rning I-hose impor
taot subjoct., lor ",hlch th~ rt-poned mMcrio\ is ;usufficient 
lor slati,tic:.1 8~B\rsi5. 
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D. On strecla where 1)GTking i8 eliminated lor 
a.limited distance 011 both sides oj the i11/erStC
tion.-Where parking is eliminated in advance 
of t.he intersection for a di~ta.nce in feet equal 
to or greater tha.n 5G and (1) parking is also 
eliminated beyond the intersection for a dis
tance equal to or grea.ter than 5G, or (2) the 
street beyond the int.ersectiou widens at least 
one lane: Use the upper curve (parking pro
hibited) in figure 24. 

.11 ...... Two-wfty streets with added turning 
laiDes but )10 IW'parate signal indicat,ion 
fo .. the tUmiD.@: .movements 12 

1. Use the widt.h of the through !ane~ s.s 
oue-half of the street width when applying 
the curvei' in figure 24. 

2. Then add 5 percent for an added right
tllrn lane, 10 percent for an added left-tum 
lane, or 15 percent when b()th right- and left
tllrn Ia.nes are added to the normal width. 

3. Tlwl\: 

(a) For a rilJht-lurn lane.- Add the 
number of vehicles turning rig"t but not 

G 
to exceed either 6()0 X C vehicles per hour 

D-20 
or ""2'5 X N vehicles per hour, where 

G=grMn interval ill seconds. 
C~ total sigllal cycle in seconds. 
D = length of added turning lane in 

feet . 
N=number of signal cycles per hour. 

(bl For a le/Hurn lane.-Add the 
number of vehicles turning left but not 
to exceed the capacity of the left-turn 
lane. The capacity of the left-turu laDe 
per hour of green in terms of passenger 
cars ma.y be est,imat·ed as the difference 
between 1,200 vehicles and the total 
opposing traffic volume per hour of green 
in terms of passenger cars, but not less 
tha.n two vehicles per signal cycle. 

4. Then adjust as ' in I-I and 1-2. 

III.~Tw&-way streets with turning lanes 
.aud separate signal indication 11 

Streets with turning lanes a.nd sepa.rate 
signal indication (also applies 'where left-turn 
lanes for opposite directions of tra.vel are 
v..-ithin the normal street width and both 
straddle the centerline) j pedestrians controlled: 

A. With right-tum lanc.-

(I) Use the width of the through lanes 
Il-~ oue-lliili of the street width when 
applying figure 24 a.nd increase the rate 
of fio\\' by 5 percen t. 

(2) Then add the number of vehicles 
turnhlg right, but not more than 800 
vehicles per 10 feet of width of turning 
la.ne per hour of separate green indica.
t.ion; adjust for possible or practical 
ca.pacity as in item J-ll1nd for commercial 
vehicles as ill item 1-2. 

B. With left-t1lm lane.-

(1) Use the width of the through lAnes 
as one-half of the street widt,h when 

~ applying figure 24 and increase. the rate 
of flo,v by 10 percent. 

"SM footnote 11. 
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(2) Then add t.he number of vehicles 
tlltlling left" but not more than 800 
vehicles per 10 teei of widt.h of turning 
lane per hour of separa.te green indica
lioll; adjust for possible or pract-ical 
capacity s.s in item 1-1 alld for commercial 
vehicles as in item 1- 2. 

,Vote: Where conditions are such that 
through 'Vehicles also use turning la.nes, 
it is more Ilpprol'riate to apply figure 24 
to (1) entire appr03ch width for period of 
left-turn indication and (2) width of 
through lanes for balance of through 
period. Add resulta and make normal 
adjustments e:l::cept that for left turns 10 
percent is always added. 

IV.--one-way 8U·eet8 13 

Figure 26 shows hourly intersection capaci
ties for urban one-way streets by t~'pe of area 
and pl1rking regulation Ilnder average condi
tions. The most important adjustments for 
conditions t.hat are not average are: 

1 .. POSSIBLE ANI) PRACTfCAL CAP.\CITIF.S: 

Same as for it-eDl I-I. 
2. COMMERCIAL VEIHCLES: 

83me as for item J-2. 
3. TURNING MOVEMENTS: 

Subtra.ct Yo percent for each 1 percent by 
which the combined traffic turning right and 
len exceeds 20 percent of the tot.at traffic, or 
add ~1 perceut for each 1 percent t.bat it is 
below 20 percent (maximum deduction for 
turns not to exceed 20 percent). 

4. B ['S ;;TOPS AND ELIMINATION OF PARKHlO 

NEAR THE INTERSECTION: 

Same as for item 1-4. 
5. ADDEDTURNINGL.U\I:S: 

Use the normal street width when applying 
the curves in figure 26. -Before applying it.ems 
1 a.nd 2 above: 

(a) Add 5 percent for an added right
or left-turn lane or 10 percent if both a 
right.- and left-turn lane have been added. 

(h) For 3 right,- (or left,-) Wrn lane 
add the number of vehicles turning right 

(or left.) but not to exceed either 6()0xg 
D - 20 

vehicle~ per hour pr -:25"" X !,,,' vehicles 

per hour. 

V.-High-type (aciJIities 13 

Where conditions exist similar to t.hose pre
viously descrihed for intersections on high-t.ype 
facilitie~, the foUowing procedure for estimat
ing practictlol or design capacities should be 
used: . 

1. THROUGH 140VEMEI'T: 

Use 1,000 vehicles per hour of green per 
10 feet of lane width. Deduct 1 percent for 
ea.ch 1 percent that commercial vehicle~ are of 
the total through movement dUrillg tlle peak 
hOllr. 
2. TURNING MOVElfENTS ON ADDED LANES: 

To determine the total capacity of an inter
section approach, add the number of vehicle~ 
turning right and left during the bour to the 
capacity of the through fiow; however, each 
turning volume should not exceed the c.apacit.y 
of a turning lane as determined below. Al80, 
the added turning la.ne should be of sufficient 

" Sec f ootnot~ n. 

length to accommodate at \ea"t twice the aver 
age number of turning vehicles tha.t would 
accumulate duririg the red interva.1. 

A. Rioht tUT1>8 on same 8'ig'lull indicatiOltll'ith 
/hro tiiJh nll)1'ement.-

(1) Where there is no adjacent frontage 
road 3J\d no pedestrian interference, use 
capacity of turning Ia.ne 808 1,000 "ehicles 
per hour of green per 10 feet of width. 
Deduct 1 percent 'for each I perceut that 
commercial vehicles are or the right
turning tratf.c during the peak hour. 

(2) Where right turns are in conflict 
with frontage-road traffic, use capacity 
of right-turning }sne as t.he difference 
between 1,200 vehicles and the total con
Rictillg traffic volume (ex.pres.<;ed in terms 
of paasenger veh.icles) on the adjacenL 
frontage road per h.our of green; adjust 
this difference by deducting I percent. for 
each I percent thAt coniInercial vehicles 
are of the right-turning traffic during the 
peak hour. The volume t.hus deter
mined must not be ' greater than that 
est.imated under item (I) above. but not 
less than two vehicles per signal cycle. 

(3) Where right. turns are in conflict 
with pedestrian movements on the cross 
street, reduce flow ffltimated under item 
(1) above as follows: 

DowntowJl area_ .. 20 percent. 
Iutermediate 

area_ _ _ _ _ _ _ _ _ _ 10 percent. 
Out.lying 3reo._ _ _ _ no reduction. 

(4) V"'-here right, turns are in conflict 
with hoth frontage-road t.raffic and pedes
trians, lise the lower of the two values 
e>c<timated under itenls (2) and (3) above. 

B. Lcfl turns on same signal iI:dic(ltion with 
through movemcnt.-Use. (~a.pacity of left-tum
ing lane as t.he difference ' between 1,200 
vehicles and the volume of the opposing 
t.hrougb traffic movement (el1'pressed in terms 
of passenger vehicle~) per hour of green; 
adjust this difference by deducting 1 percent 
for each 1 percent that commercial vehic1e3 
are 'Of t.he left-t.uTning traffic during the peak 
hour; minimum capacit)' not le~s than two 
vehicles per signal cycle. 

C . .'l.dded turning lanes Ott upa.rafc signal 
indication (ped€8trian~ contrlll1eil).-For either 
right or left. turns, use ca.paci~y of i,OO@ 
vehicles per hour of separate green indication 
per 10 feet of lane width; deduct 1 percent {or
each I percent that commercial vehicle:; Are 
of the particular turning traffic during the 
peak honr. 

3. Bus STOPH ON ADDED TURNING LANE: 

A. Far-swe bus atop.-No . apparent effect 
on capacity of the iutcrz3ection approach. 

B. Ncar-side bus stop (no 8eparale tignal 
indical.ion lor right turns).-Bus stops on the 
right-turning lane tend to reduce the capacity 
of the through movement. by requiring some 
right-turning movements to be Dlade arollnd 
the bus directly from through traffic lanes. 
Capacity in such case ffi3y be adjusted as 
follows: 

(I) Where the number of busses st.op
ping during the pea.k hour is so great as 
to nullify the use of the addert lane for 
right turns, deduct l}i percent from the 
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through flow for I'~ch I percent that 
right~t.urning t.raffie is of "hc total traffic; 
then add the number of busses and the 
number of vehicles turnillg right and left. 
to obt.ain the total practical capacity of 
the int~r8ection approach. 

(2) Where approximately one bus 
~tops in the added IItne per cycle, deduct 
~~ percent froUl the t.hrough flow for each 
1 percent that the right-t\lrning traffic i'l 
of the tot901 traffic; then add t.he numher 
of bus~es and right- and left-turning 
vehicles to obt.ain total practice.1 capacity. 

(3) Where busses stop legs frequent,ly 
than one about. every fourth or fift.h 
cycle, the effed of b\L~8eS may be neg
lected. 

AIPPLICATION OF INTERSECTION 
CAPACI'!!!')' INFORMATION 

\\'hen adj usting t.he volume~ ~hown in 
tigur(' 24 for conditions that are not average, 
('~h adjust.ment must be mp.de a8 1\ separate 
step, \Ising the result of t.he previous step 
{or each consecutive Il.djuRt.ment. To accom
plish this simply, when n. numher of ltdjust
ments are necessary, each adjUHment can be 
ci\lculn.ted and added to or $ubrn.cted from 
1.00, and a total fact.or then obt.ained fTom 
these individua.l fnct.or::: by multiplying them 
together. The examples that follow iI1ustrl\te 
correct fipplica tio ns of the data. 

E:wmple 1 

Pro'bien, 

\"hln are the pos~ibk and pracl.ical capA.c
ities of Olle approach t.o all jnter~eclioll 0'1 a 
two-way street, 45 feet. wide from cuth t.o 
curb, in a downtowll area where parking is 
prohibited. 20 percent. of t.he trtlffic turns 
right., l.'j perce))t. turns left, 5 percent of the 
tot91 traffic i~ commerciA.l during peak haul'S, 
there are blt~ ~tops Oil the near side of the 
intersection, and the traffic light ho.~ a GO or 
green period of 35 ~eC01IdJ; OUI of the 60-second 
cyde? 

Solutiun 

From figure 24, the reported capacil~' of 0111' 

approach on t.he al'eragc street. 4.5 feet wide 
from curh to cllrb ill a dowlltown area wit.h 
parkillg prohihited is 1,660 v'ehicles per hOllr 
or green. 

The following adju~f.melils arc r"'l"ired 
becau~e cOlidiliOJ : ~ are not avera.g.!: 

Ctl': ~S E.lldJ J-octVY 
Ri~hl turn,' ...... .. .............. (10-:20)'· .. . , - 5% 0.% 
Ldl. turns ... , .. .. .. .............. 110-15) ~ - ,I';" 0,9,1 
('onJllltl'cial ,,<,hides , ..... .. ..... (10- 5i ~ + b% I. <15 
N"i;l"sldc lou" 'lop ...................... " ..... - 10% 0, (\Ci 

Tilt") f"cl<Jr~0.9r,>~t..95X1.05X().!l()~ O. R" 

Po,~~ible capaciry= 1.10 X 0.85 )< ~ X 1,660= 

905 v(\hicles pel' bonr ill the direct iOI\ of t.he 
hea. vier flow . 

. Practical l'apltcit.y= 0.90 X 0.85 X ~~ >< 1,660 

= 741 vehiclei' per hour in the direction of the 
heavier flow. 
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Example 2 

Prohlero 

What i;; the practi co. I capacit.y of two inter
secting streets, if the Horth-sout.h street is 40 
f~t. wide aud tht:' ea.st-west ;;treet i" 54 feet 
wide? Pa.rking is permitt.ed Oil the east-we~t 
flt·reel. and banned on the nort.h-south street. 
The intersection is in a dOWllt.OWJJ area. where 
average conditions prevail and the ;;igllill cycle 
is 27 seconds green and 3 second:;> amber on 
each leg, with a tQtll.1 of 60 secondl:i. 

Solution 

From figure 24, tli,' practiea\ (:apacity of the 
IlOJ1h-south street is 0 .90X 1.410= 1,269 
vehicles per hOllr of green. The tmffie signal 

reduces this ,'olume to 1.269 X ~~ .... ;)71 \'eni

cles per hour ill olle directioll. 
From figure 24, the pract ica.1 capacit.~' of 

the east.-west. street· is O.90x 1,110=999 vehi
cles per hour of green. Thi~ is fcrhwed b~' 

the traffic signa.l t () 999 X ~~ = 450 \'t'hides per 

hour in one direction. 

Example 3 

Probiem 

Wha.t should be the distribu I iOIl of ~igllal 
time at t.he inte~ectioll described ill exn.I~(Jle 
2 if the peak hourly volume ill olle directioll on 
t.he north-sout.h sl.reet. i6 600 vehide~ per hour 
Slid that. on the eMt-west street, i:; 400 vehicles 
per hour? 

So~u~io" 

The minimum time, in millUlcS per hOllr for 
each operation. a~sulliing a flO-seeond cycle, is 

" I r-::' ::.:.:.>::.: P II RK ING 

I 
-., W -- -- -- --I 
~ ~ I 

1_ ;';: ;":;, '--~ ~ .FiK I N ~~_ :I ! 

os follows: 
,,\j;nu ,t 

I' I h 600 ,-,reell, nort 1~~Ollt street- _ - -1.269 X (,0 = 28. 4 

G t 
400 

reen, eas-west street- _.-' --99~lj ~< ()0=24. 0 

Amber: () secolld" per cycle. ____ .. _ . _ = 6. 0 

Total _____ . _______ __ . _____ . ___ .. _ 58, 4 

The green period for the north-south 8trcct 
~hould be: 

28.4 ' (6 6 (28AT24~6) X 0- ' .0) = 29.3 ~ecolld~. 

The greell period for till' ea..q -\\'e~d st reet. 
should be: 

24.0 ('0 (j (28.4 + :24.0) X (, - 1.0) "" 24. 7 ~econds. 

Example 4. 
Problem 

An int.ernect.ioll as de~r.ribed in example 3 is 
severely conge~ted by volume>, exceeding t.ho~e 
u;;ed ill that example. To relieve thi~ sitllat.ioll 
it is propoi\ecl that parking be banned Oil both 
st·reet~, and t.hat t,he north-~l)lIt.h ~treet be 
widened . Aft.er t.he,':e improvemellts, traffic 
volume~ of 750 vehicle" per hour ill olle direc
tion on the ea~t-west street and 000 vehicles 
per hOl.lr i II one di rection on the ncirth-~ollth 

.st. ree I are anticipated. What, should be the 
width of the Horth"",outh street all<i t.he signal 
timing for (.he il\ter~ect.ioll, u$ing all SO-second 
cycle with 3 seeond~ oC amber? 

Solution 

Total amber time per hour will be (i X ~':o = 

270 seconds= 4.,) millute". 
.\ 54-foot. gtreet with 1\0 parking haa II. ca

pllci!.y of 2,000 vehicles J'lf'T hOIlf of green, 

~'- \ 
\ 

... -1 
I 
I 
I 
I 

I :':" ':':-:-:':'-::'::-:P A R·t< IN G:,,' . 

\ -. , 

I--------E 
I 

: I-:::::;:r A ~~) ~G : 

INTERMIEDIATE AREA 
FIXED riME SIGINAIL 

2 IPHASE CON'iRoL 
CYCLE-70 SEC. 

E -W STREET 

GR.EEN INTERVAL - 40 SECONOS 

COMMERCIAL VEH iCLES -12 'l 
TURNING t,lOVEMfNTS 

VI TO N -II"!. or APPR, VOL, 

E TO N -24"10 OF 4PPR. VOL. 

NO BUS STOPS 

N APPROACH 

GREEN INTERVJJ.l- 25 SECONDS 

COMMERCIAL VEHICLES -16 ~ 
TURNING MOVEM ENTS 

N TOE -65 "I. OF APPR. VOL. 
H TOW -l5'1. OF APPR, VOL. 

NO BUS STOPS 

Figltre 29.-111I1slrati-t'l' e.ram.p/.e .s. 
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from figure 24. Thus the east-west traffic will 

. 750' X flO . Th reqwre 0.9 X 2,000 } ·.-= 25.0 mmut.es. ere 

. 305 ' 30.5 h f remam . mInutes or 60 ours 0 green on 

the north-"outh 5t.reet, permitting a pra.ctical 

capacity of 3g~5 X 900= 1,770 vehicles per hour 

of green. This practical capacity corresponds 
to a reported capacit.y for . average conditions 

1 770 . 
of 0.9 . · 1,967 vehIcles per hour of green. A 

s treet 52 feet wide will' accommodate this 
volume, as showo in figure 24. 

The signal timing should be: 

Green, nortb-south street 
30.5 

(30.5+25.0) X (80-6.0) -' 40.7 

Greeu, east-wes t strMt 

TjO::~~5.0) X (80-60)= 33.3 
Amber __ __ ________ _____ ____ 2 X 3.0 = 6.0 

T ota.l ________ ____ ________ _______ . 80_0 

Example 5 

Problem 

What are the possible and pract.ieal capaci
ties of each approach of the T in tersect.ion 
shown ill figure 29? If the peak-hour traffic 
(on the blLsis of two-way flow) is 9 percent oi 
the a " erage daily traffic, and 60 perc en t. of the 
peak-hour traffic i~ in Que direction, wbat will 
be the average daily tr&ffic on t.he east-west 
street in the block west of this intersection if 
it .operates at possible capacit.y'j 

Solution 

W~"'I' ApPROACH 

From figure 24, the reported capacity of one 
approach 01) t.he average 58-foot street ill an 
int.ermediate area with parking is 1,380 I'e
hicles per hour of green. 

AJjus Lments; 
ClUJ"/-

Comm~rd. l "" hlclc~.- _____ _ ... . 
fl.igbt turns ______ .. _ .. . . ___ _ .. ___ . . 
Ldl tur1l8 .... ___ . _ .. ... .... .. __ ._ 
P arking n ot reslri{·l·od at iute l'!Oel>-

Fador 

(10-12) ~ -2% 0.98 
(JO-OH~-+5% 1.05 
(10-11 ) % -1% 0.r.9 

tlon . ..... .. .. . ........ .. ..... . - (O+lJl 5i ~-~% O.9i 
(&'e MJu~lmtnt I--I-C) 
T ote.! f:>{'tor ~O .9<.X I.05XO.O!IXO _9, .. O.W 

Possible capatily= l.10 X 0.99 X ;~ 'X J , 380 ~ 
860 vehicles per llOlir. 

Prac tical capacit..~· =0.00 X O.9\) X }~ X 

1.380 = iOO vehicles per hour. 

E .\ FiT A PPRO.H'H 

For average cOJ\ditioll~, reported capacity is 
1,380 vehicles per hOllr of grecn. a$ shown 
above. 

Adjus tmen ts: 

CO"" EJJtc/ Fodor 
Commr:r.:"l .-chid,·s .. .. ... ........ (W-12) = -2% 0. 98 
RI~ht turns .... _ .. .. . .. . .... _ .. _ .. (JO-2-IH~-·· - 7% 0.93 
lAf! turns ...... .... ...... __ ....... (to-0) =+lO~o 1. 10 
Ptlrkin~ nI)l rl'~tl·ict.d at intersec· 

tlon ...... ........ ........... __ .. __ ___ .. __ _ -6% 0. 04 
Total factor - O.Il!I XO.93X I.JOXO.94 = 0.94 

Possible capacity -- .1.10 X O.94·X ~X l,380= 
810 vebicles per ilour. 
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~ W -' --lEFTTURN oN'LY1 
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.L I 
- PARKING ELIMINATED I 

~NO~~~ :I~~CK ON .1 

\ 

INTERMEDIATE AREA 
FIXED TIME SIGNAL 

3 PHASE CONTROL 
CYCLE -90 SEC. 

I,---PARKING EUMIN ATEO 

I 
IN THIS BLOCK ON 

NORTH SIDE -

RIGHT TURN ONLY -

~-- .•. -
------E 

I:·:':-:·:-:-:·:·:p ARK I N G:':':':':':':-:':-:-: 

\ \~ \~PEOe:STRIANS CROSS HERE 
~~~URING PHASE I 

. c - - E-W STREET 

COMMERCIAL VEHICLES -12 % 
TURN ING MOVEMENTS --~ 

PHASE I 
GREE'I-i -40 SEC. 

NO PEOESTRIAN MOVEMENT 
DURING PHASE 2 

t::= 
-

PHASE 2 
GIlEEN -15 SEC. 

~~\\ 
I I '\, ~------
I~ " -4- --

--~I"'" ....... ---= =1 I \ 

1 I \:::PEOESTRIANS CROSS HERE 
OUR I'NG PHASE 3 

PHASE 3 
GREEN - 26 SEC. 

WTON-II% OF APPR. VOL 
E TO N- 24% OF APPR. VOL. 

NO aus STOPS 

N - APPRQACH 

COMMERCIAL VEHICLES -15% 
TURNING MOVEMENTS 

N TO E "'65 % OF APPR. VOL . 
N TO W-35% OF ilPPR _ VOL _ 

NO SUS STOPS 

Figure 30.-IlllLslrat.ive e~ample 6. 

Pr 'l et.jcal capaci ty=O.90 X O.94 X ~X 
} , :l~(I = 6G5. vehicles per hour. 

~ onTH ApPROACfI 

Ou the int ercepted s treet of a T interse<'
tion, the larger of the two turning movements 
it: con,~ idered as the I.hrollgh movement; 
therefore. as indicMed on figure 2S, t.he 
thJ'Ough movl;ment is 6.5 perc~nt. an'\ the 
tllrning movelueut is 35 percent. of t.he t.otal 
tlow during the peak hour. 

From figur e 24, the report-ed capacit.y for a. 
40-foot s treet IInder average conditions is 
1,350 vehicles per hour of green. 

Adj ust-men t.~: 
Caul, EfJ"! Farlor 

Comm~rcinl v~hicles.. .. ..... .. ..... (10 -15) = - &% 0. Q5 
Right ' .IlIDS (maximum deduction) . . ________ _ -10% ij. ~ 

Left turns (non~) _____ .. .. . .... . ____ ( 10- 0) .+10% 1.10 
No p >l rkiog and DO bue stops ___ . ..... ____ ___ . + 5% 1.05 

Toml {a.ctor~O .U5XO.Q()X l.lOX J . o.~= O. 9\j 

Po",ible capacit.r -= l.lO >< O.99 X~X 1,350 

525 vehicles per hour. 

Pra c ti c al cap3.c it-y=O.90 XO.99 X ~x 
1.350=430 vehicle5 per hour. 

The average daily traffic o n the ea~ t- wc3t 
s tree t in lhe block we~t of t he int.ersection, 
when operating at po~sible capaci t.y , is : 

[ 860 + ( ~~ X 860 ) ] X ].~O = 15,920 vehicle!> 

per day. 

Example 6 
Prohlem 

What. are t-he p()s~ible and practical capaci
t.ies of eaeh appronch of the intersection iihoWll 
in figure 30'/ This is the seme intersection 
I\S in figure 20 except for partia.l elimination 
of fJl\rkiug and .sub~t.itllt.ion of mulLiphase 
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signal control in order to increase the capacity 
of the east-west ;;tree t and to eliminate vehicle
pedestri:u.l wntlicts. 

Solution 

~VEST ApPROACH 

ThroHgh movement, pha,~e8 1 and g.-Widt.h 
ava.ilable for through movemellt (parking 

eliminn,t,ed a~ shown) = ~ -10 = 19 feet (see 

adjus tment IlI-B-1). Capacity [or avei'age 
condition;;, from figllre 24, for a street twice 
this width and with no parking is 1,300 
vehicl~~ per hour of green. The'green int e rval 
tor phascs 1 and 2 = 40+ 3 (amber (or opposing 
through movement) -: 15 = 58 second~ . 

Adjustments: 
Can>l Eff,el Foc/or 

Commcrc!ol \'ehides ._. .. ... .. (10-12) =- ~ 0. 98 
RighL tuTU •• ___ • __ ....... __ •• __ ._ (10-0)1=+ 5% 1. 05 
UlllUTllS_ .. _. _____ .. _ ... _ . .. "._ (10- 0) -+1 0<:-:. 1.10 
No bus .top_ .. _ .. ..... . ........ .. .... .... ... + 5% 1.05 

Total (ocl<>r =O.Il8XI.OSX I.IOX I.05~ 1.19 

Po!;;;ible capacity = 1.10 X l.1 9 X ~~ X 1,300,-' 

1, 100 vel1ic\es per hOllr. 

Practical capacity=0.90 X l.lO X~X 1,300 

= 900 vehicles per hour. 

L eft t1lrning mot'Nllell i, pha.9c 2 . . -Ldt turning 
is II percent, of the to tal volume on t.he west 

approach, or I, IOO X ~ = 135 vehicles per hOHr 

whr n t.he approach i., operating at pos;;ible 

capacity, and ll60x ~ = 110 vchicl es per hour 

when operat.ing at practical capf\cit .. y . 
Capacity of this to-foot left-t·lIrn lane for 

15-scC.Olld separate L\reeTi indico.tion and wit.h 
12 percent commercial vehicles (factor 0.98) : 

PQs~ible cap3.cit.y= 1.10 X O.08 X 800 X ~~ 
1~5 vehicles per hour (see adjl\s tmellL 
IIJ-H-2). 

Prn.ct.ic,nl capacit,I' = 0.90 :;':: O.OS )< 800 X ~g = 

120 vehicles per hour. 
Vohlllle'J of 135 and 110, a.bove. t,herefore 

do not. exceed the capacity of the lcft.-tlln-ing 
lane. 
To/a/ capacity 0/ w est a.pproach-

POBsible capncity . , I , 100+ 135 ' J ,235 \'c
hicle~ per hour. 

Praclicl!.l co.pacitr=OOO+ 110 = 1,010 I'e
h icles per hOUL 

EAST ApPROA C H 

Through movement. phau I .-Same a" for weRt· 
approaeh, except. for length of green interval, 
which i ~ ,10 ~ec<)lld ,;: 

Po~~ib [e ca.paeity~ ·" , 1,100 X ~ 760 "ehicles 

per hour. 

Practical capacit 1/ ~ 900 X !..0 = 620 vehicles . 58 
per hour. 

Right-turning movP-1l1tTlt, phase S .. . ·Right. turn
ing i" 24 percellt. of the tot,al \'ol ume Oil t.be 

24 
eo." t approa,ch=760 X 7t=240 vehicle~ per 

hour when t.he approach is operating 3.t pos

sible capacit.y, and (}20 X ~ = 200 veh icles per 

hour whell operati1Jg at, practicf\l capacit.y. 
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C DOWNTOWN AREA 

J~! t FIXED TIME SIGNAL 
3 PHASE CONTROL 

CYCLE 90 SEC, 

-------~~\!.! ~ 3' ~ 
A------.,- 10 I ~'b-~-· ----- 8 

-.- 33' --
--=::-:-:~~~---.:;:..~ I 'I 

8US STOP j ~<tl,li«';~ ,: 
.~~'i ~ 

_-'UC~ 0 _f I 
A ----- B A - -0.; ~'~- B 

~%'~TI ~~qgr-
I D~E\ I D [0h E 

PHASE 1 
APPROACH-A,A .M.PEAK 
VEHICLES TURNING: 

LEFT TO C -0 %} 
RIGHT TO 0 - 4"1. * 
RIGHT TO E-32 % 

COM. VEH'S INCl. BUSSES I"'. 
SUSSES 75 PER HOUR 
GREEN INTERVAL - 34 SEC. 

* Total movemenh during phaaes 1 ond ~ 

A PPROACH-B, P. M, PEAK 

VEHICLES TURNING: 
RIGHT - 8% 
LEFT - 0 % (No left I~r" I 

COM , YEti'S. [3 ~ 

BUSSES 90 PER HOUR 
GREEN INTERVAL-34 SEC. 

PHASE 2 
APPROACH-E, P. M. PEAK 
GREEN (al 'J) - 18 SEC, 
AM8£R & GREEN LAG 'I) TO '(I'. 8 SEC. 

VEHICLES TURNING: 
RIGHT TO 8 - 2% 
RIGHT TOe -18°4 
LEFT TOA-80% 

APPROACH-A, A.M. PEAK 
GRHN·le+6~26 SEC. 

'~J~~ 
A\"'" B 

~Dtr 
PHASE 3 

APPROACH-C, A.M, PEA K APPROACH-D, P. M. PEAK 
VEHICLES TURNING; VEHICLES TURN[NG: 

RIGHT" % 
LEFT TO e - $"4 
t.£FT TO E -11% 

COM . VEH'S, - 6" 

RIGHT TO E .NEGLIGIBLE 
RIGHT TO 8- 6% 
LEFT TO A - 0 % (No ' I"t I~'n) 

COM. VEH'S.- 8~ 
STREET CARS, BUT NO BUSSES 
GREEN INTERVAL - 24 SEC, 

STREET CARS, aUT NO BUSSES 
GREEN INTERVAL-24 SEC. 

Figure 31.-1l1uslratillC ('.xample 7. 

Capacit.y of the IO-foot righI-turn lane for 
26-~ec()nd separat.e green indica tion and with 
12 percent. commercial vehicles: 

Possible capacit.y" J . IO X O.98 x 800 X ~ ... 
2:;0 vehicles per hour. 

Practical cap[\ci(.y =0. 00 ~< 0.98 X 800 X ~ = 

210 vehicles per hour. 
Volumes of 240 and 200, abol'e , therefore do 

not exceed the capacity of t. he right-turn lane . 
Total wpadly of eust approach.-

Possible capacit.y = 760 .. 1. 240~ 1,000 vehi
cles per hour. 

Practical eaps.city =620 ·: ·200 =820 vehicles 
p er hour. 

NORTIf AppnoAcH 

Left-Iw'nino mov~me7l.1, phase S.- Capacity · of 
the to-foot lane with J 5 pereellt trucks 
and 2o-second gr~1I interval: 

Po.ssible capacity = I.JO X O.95 X 800 >( ~= 
240 vehicles per hour. 

Practical cllpacity = O.!}() X 0.95 X 800 >< ~ = 

200 vehicles per hOllr. 

Right-lumin(J movrmcnt, ph{lsC 2.-Right turn
ing is 35 percellt of the total volume on 

t.he north approach, or 240 ;< ~ = 130 vehi

cles per hour when Ihe ar,proach is opera!.-
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ing at possible capacity, or 200 X ~~ = 110 

vehicles per hour when operat.ing at prac
tical capacity. 

Capacity of this to-foot right-turn lane for 
15-second separnte green indicat.ion and with 
15 percent commercia.l vehicles: 

P 'bl . 1 1.5 08S1 e capa.clty= I. O X O.{)5 X 8oo ~< 95 = 

140 vehicleo per hour. 

Practical capacity ",,··0.00 X 0.95 X 800 X !~ = 

115 vehicles per hour. 
Volumes of 130 and 110, above, therefore 

do not exceed the capa.city of the rigbt-turn 
lane. 

Tl)tal capacity of north. approach.- .-

Possible capacity =24.0 + 130=370 vehicles 
per hOllr. 

Practical capacity = 200+ 110=310 vehicles 
per hour. 

Example 7 
Problem. 

WhB.t is the possible capacity of each ap
proach o( the multiple intel':3edion shown in 
figure 31? 

Solution 

ArPRO.\CII A 
Phase t.-The effective width of approach= 
33-12=21 feet (l2-foot deduction for at 
lellst one bus always loading or unloading 
during peak hour; see adjustulent 1-4-A-(d). 

Ca1)acity of approach for average condi
tions, from figure 24, tor a. street 2X 21=42 
feet wide is 1,510 vehicles per hour of green. 

Total green interval per cycle for move
ments A to D and A to E is 34 · 26=60 
seconds (phase 1 plus pha.se 2). 

During phase I; 

A t,o D=~~X4%=0.57X 4%=2 .3% of 

tota.l approach volume. 
34 

A to E=60 X32% ",-, 0.57 X 32% 18.2% of 

total approach volume. 
Adj llstmen ts: 

Clllae Efftd Facior 
Commercial vehicles " ......... (10-4) a + 6% 1. 06 
Rt~ht tUrns II ....... . ......... (JO-2.3)H= + 4% 1.04 
uft 1= ............ . _ .. .. _ 00-0) ~ +10% I. JO 

Totallacwr -1.06X 1.04 X J.IO~ 1. 2\ 

Possible capacity, phase 1·--, ( 1.10 X 1.21 X 

~ X 1,510) , 75 busse,,-835 vehicles per hour. 

PM.$e S.-During phase 2: 
26 

A to D=60X4%=0.43 X 4% 1.7% of to-

tal approach volume. 
26 

A to E=60X32%' 0,43 X 32%=13.8% of 

total approach volume. 

Total capacity, C, of approach A during 

14 Within tbe limits 01 sreure.cy of the solution It Illl\y b<> 
a!Sumed that bu ..... (7~ In number) ccmprise about i percent 
01 tbe total approach volume. Sinoo commercial vehicles, 
Including bll.<seS , comprise Il percent 01 the approach volume 
it loUows tbat 4 percent of this traffic Is made UP of trucks, lor 
,vbich !\dJuatment must he made. No adJust.ment b made 
lor busS>e> as commercial vebicles wber@ tbe 12-Coot deduction 
in street wldtb Is m,,(:'c: see !\dJustlneOl I+A-(d). 

" Movement A to l!: Is considered as part of the througb 
movement. 
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phase 1 and phflSe 2 is composed of the follow· 
ing: 

835 vehicles per hour= total, all movement, 
phase 1. 

1.7% C=A to D movement, phase 2. 
13.8% C = A to E movement, phase 2. 
Then: C=B35+0.017C+0. 138C. Solving, 

C=990 vehicles per hour. 
DUring phase 2: 
A to D=O.017 X 990= 17 vehicl('s per hour. 
A to E=0.138 X 990=136vehicle~perbour . 

Tota.L . __________ 153 ~·ehicJes per hour. 

The total, nnd the movement from A t·o E, 
are less t.han the capacity of a turnicg lalle 
(see adjustment III-A-(2). 

ApPROACH E 
Because the street is actually Lwo-wl1Y, with 

a cha.nnelizing island. a cnpacity value from 
figure 24 is applicable, rather t.ba.n a value 
(rom figure 26, which is for one-way streets. 

At point b consider left-turn movement to 
A BS 1\ through movement. Ca.pacity of ap
prOllch for al/erage conditions from figure 24 
for a street of 2X 26=52 feet is 1,930 vehicle~ 
per hour of green. 

Adju9tments : 
CaU6C Ejfect FactM 

Commercial vehicles......... .. ... (10-10) = 0% 1.00 
(Sinoe commercial "eblelcs .... ert> not .... po)rcoo. Use aver-~ge 

ron,litloM) 
RIght turns ...... . .............. 110-2) )1=+.% 1.04 
Lelt turns.. ..................... (111- 0) =+10% 1. 10 
NobusstoJ) .. . ..... ...... ................... + S% 1.0$ 

To"'l factor=I.00 X I.04.XI.IOXI.05= I. 20 

Possible capacity=1.10X 1.20X ~~X1,930= 
510 vehicles per hour. 

c 

APPROACH A A. M. PEAK 

COMMERCIAL VEHICLES: 
THROUG H .lHD fliGHT - 6 '4 
LEFT' 12'''-

TURNING MOVEMENTS : 
RIGHT TURN - 4'4 OF "PPR. VO~ . 

LEfT TURII - 14 % OF APPR . VOL. 

THROUGH MOVEMENT 82~ 
DISTRIBUTION OF TRAFFIC 8Y 
DIRECTION, A. M. - PE AK: 

THROUGH TRAFFIC ONLY, A TO S' 65% 
THROUGH TRAFFIC ONLY, B TO A' 35% 

BUS STOP NEAR SIDE 

At point a computatioru; reveal a higher 
capacity. Point b therefore gOl/erllS. 

ApPROACH B 
Pha .. ~e J .-The effective width and capa.city for 
average conditions are tbe same as for BP
pronch A. 

Adjustmen 1,5 : 

COUM Ejfld FaciM 
Comm~l'ci81 vebicles " .. . .. __ . .. (10-2) a + 8% 1.08 

(lO-Bn,=+ 1% 1.01 
(10-0) ~+IO% 1.10 

Rigbt tums.... ........ . • .. .... 
LeCt tW'llJ! .•• __ •••• __ """' • •• •• • 

To "'I C~ctor = l.OSXl.01 XI.IO~ 1.20 

Possible capacity, phase t · (l.10 X L20 X 

~~x 1,510) +90 busses=845 vehicles per bour. 

Phase 2.-From approa.ch E (above), possible 
ca.pacity · 510 - (0.02 X 510) - 500 vehicles 
per hour.17 

Pha.se 1 plus pha.se .e.-The possible capacity 
of approBch B=845+5OO=1,3·15 vehicles 
per hour. 

ApPROACH C 

The capacity of the apprOl\ch under aver
age cocditions for a street width of 56 feet 
witb stceetcBrs, from figure 24, is 1,100 vehicles 
per hour of green. 

Adjustments: 
Co-u." Elf,,}. Fad., 

Commercl~l vehiclL'S __ ... __ . __ .... (10- 6) -+4% 1.04 
Right tum •. _ ................. __ . (10-4)~ =+3% 1.03 
Left turns . • __ ._ ... _ ............. . 10-(10+11)=-6% O.QI 

Tou!'l C~CWr-1.6-IXl.03XO.94- 1.01 

II Busses arc assUlJ>ed to be Il percent oC the total tmme 
approaching !\'Om B. Other commerci~1 traffic Is tbereloN 
'l percent or the to(.3I : see (OOlnolll14. 

" Th .. deduction mati. i; {or right turn E to B. 

I.;:' 

HNITERMEO IIATE A 'REA 
FIIIXEO 1 1 MIl:: SIGNAL 

2 PHASE CONTROL 

CYCLE-·64 SEC. 

GR EEN ON A - 6 STREET. 30 SEC. 

'0 ., 

J 

o 

APPROACH B P. M. PEAl< 

COt.4M·ERCIAL VEHICLES - 9".4 
TURNING MOVEMENTS' 

RIGI-IT TURN -12% 
LEFT TURN 6% 

HO SUS STOP 

Figure 32.-Illustrative e;x:011lple 8 . 
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Possible ofl.pacity= 1.10X 1.01 X ~ X 1,100= 

325 vehicles per hour. 

ApPROACH D 
As for approach C, the capacity (or average 

conditions i~ 1,100 vehicles per hour of gTeen. 
Adjustments: 

CalIse ElJut Factor 
Commercial vehicle' ...•.•.. ....•. • (10-8) -+2% 1.01 
Right turre . ______ •..•. . ... __ ._ (IO-G)H = +2% 1.02 
Lelt turns ..•....•. •.• ______ . _ . .. . • (JO-O) ~ +IO% 1.10 
TotalI8ctor=1 .02XI.02XJ.lO~ 1.16 

Possible capacity= 1.1 OX L15X~X 1,100= 

370 vehicles per hour. 

Example 8 

Problem 

What aTe t.he practical capa.cities of a.p
proaches A and B of the in tersectioJ) 8hown in 
figure 32? 

Solution 

ApPRo.~cfl A 

Thro u.gh and riohl-tu,rn mOlJo1ii'nls.-The re
ported capscit.y, {rom figure 24, for one 
approach on a street 30 X 2 = 60 feet wide with 
parking is 1,430 vehicles per hour of green 
(the left-turn lane is considered separately 
below). 

Adjust,ments: 
CO,,~t EffuJ Fodor 

Commercial vehicles........ .... . . (JO- ~) = + (% 1.M 
Rfgbt turns._ .. . ______ _ ... . . . . . .. (I0-()}oe+ 3% 1.03 
Left ~urns . ..••... .. ..... ________ . (lo-o) =+10% 1. JO 

(Lelt turns aD added turning r&D.: See .dJustment Jf-2) 
Bus slop .• ..... ... _________ ... .•. ({-to) H-+ 1% 1.01 

(Sec adjustment r-4-B-(a) , Left turns ore consider~d a. 
rero In this romputftl!on bccauS<'. thoy are made (rom '0 

added turning Jane.) 
Tot:lllactor = 1 ,04 X I.03 X l.lOX 1.01 = J. J~ 

Practical capacity . 0.90 X 1.19X~X 1,430= 

720 vehicles per hour . 

Le.jt-turn movement only. -Left turns are 14-
percent of t.he total approach volume, or 

720 X ~!= 117 vehicles per hour; or 117 X~= 
250 vehicles per hour of green. With 12 
percent commercial \'ehicles, this is equal to 
280 equivalent passellger cars per hour 
of green. 

Check for capacily of Ie/I-111m lal'lc.-The 
opposing through movement, B to A, dUring 
the moroingpcak is 35 percent of the combined 
thTOugh movement in both directions: 

Through movement A to B=720 X 

(l008~ 14) =685 vehicles per hour. 

35 
Through movemeut B to A " ·685 X 65 = 370 

vehicles per hour, or 370 X ~ = 790 vehicles 

per hour of green . 
With 9 percent commercial vehicles, this is 

equal to 860 equivalent ps.ssenger caTS pin 
hour of green. 

The capacity of the left-turn lane (~ee ad
justment 1I-3-(b) is 1,200- 860 =340 vehicles 
per hour of green. The left-turn movement 
of 280 pllSsenger cars per hour of green, or 
117 vehicles per hour, ca.n therefore be ac
commodated. 

C 

~ 
z : 
~: 
Q;' 

! • ,~: 
iA : " 

DOWNTOWN AREA 
FIXED TIME SIGNAL 

2 PHASE CONTROL 
CYCLE-60 SEC. 

GREEN ON A -9 STREET· 36 SEC. 

- D 

APPROACH A 
COMMERCIAL VEHICLES -IO~ 
TURNING MOVEMENTS: 

RIGHT TURNs-e'I, OF TOTAL APPR. VOL. 
LEFT TURNS-6% OF TOTAL APPR. VOL. 

NO BUS STOP 

Figure 33.-Tllust.ratit'<! example 9. 

Total practical capacity of approach A.-
720+ 117 = 837 vehicles per hour. 

ApPROACH B 

The capacity of approach B, from figllre 24, 
j,; the S!Lme as th!Lt for approach A, OT 1,430 
vehicles per hour of green. 

Adjustments: 
CaU-lt EJJld Fad"r 

Commerri~J \·ehicJrs .... (10-9) = + 10/, 1. 01 
Righi tum.~ ..•• ..•• ____ (JO-J2)~~e -1% , 99 
~Ct turns .. ... _ .. __ . ___ (10-6) = +4% l , ~ 

P.rkfngrrstrielioD . .... (l2+6)-~i(JHG)= +H% 1.1( 

(See adjusunent {-I-C) 
Tala! lactaTe 1.01 XO.99 XJ.()4 )< I.H- 1. 19 

Pract.ical capacity = O.90 X 1 . 19 X ~~ X 1,430 

= 715 vehicles per hour. 

B 

t t t 
I 
I 
I -
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-+- I I I I 
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, N 

~
.o 

j D*-L,NG 
Figure 34.-11lustratil'e example JQ: infor

mation as in figrtre 33, except for park
ing on right side only u:ith 120,Joot 
restriction. 

Example 9 
Problem 

What. is the pra.ctical capacity of the one
way street ill figure 331 
Solution 

From figure 26, the capaciLY when condi
t,ions I\fe average is 1,620 vehicleB per hour of 
green. 

Adjustments : 
CalLI. 

Commercinl v •. hiclos .. _. __ .. •••.•• 
Rfght and Jeft turns. _ .......•... _ 
Parking uot resU"ic16d Ql. Inter' 

Efftrl 
(10- 10) -0% 
(20-J4)~=+3% 

Fodor 
1. 00 
1.03 

section __ _____ . ..... _._. __ •••••. -l-' X H ~-4'10 0. 96 
(See Mjustment T-t--C) 
Toto.llactor =I.00)<I.03)<O.96=. 0.99 

Pradical cap1l.<'it.y=0 . 90 X O.99 X ~gX 1,620 

= 870 vehicles per hour. 

Example 10 
Pl:obJem. 

Wh!Lt is the practical capllcity of the street 
described in exalliple 9, if pa.rking is eliminated 
on the left and Testricted 120 feet ill advance 
of the cro~.~ walk 011 the right, as sbown in 
figure 34? 

Solution 
From figure 26, tbe capacity when condi

tions are aVers.ge is 2,2.50 veh.iclcs per hour of 
green , 

Adjustment.s: 
Call" E1!ed Fa.t:lor 

Right and left turos .. _. _ .. ('aJ-H)~ =+3% 1.03 

l~loot. pnrking res~rictioD _ , l XH)+H ( I~~~) 
( St'<l adJulltmput H-C) =+~% 1.M 
Tot&! lac1.Or= l.03XI.04= J. 07 

Practical capacity = 0.90X 1.07X!~X 2,250 

.; 1,300 vehicles per hour. 

Example 11 
Pwhlem 

Wha~ is the practical capacity of each inter
section approach on the expressway shown in 
figure 351 
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FRONTAGE ROAD 
GREEN INTERVAL-,36 SEC. 

c. [rIX~D TI:ME SIIGNAL 
2 PHASE CONTROL-CYCLE-75 SEC. 

THROUGH MOVEMENT -300 VEH. PER HOUR 

COMMERCIAL VEHICLES -15,. 

'--.: _ BUS STOP 

--~-I------ ,." ------ "'. ____ -L___ , .. c, ...... 

-C;z: , :y " ;;'T%ill:",,,$o. 
... EXPRESSWAY 

EX PRESSWA't' 

_.,",.,__ II • .'.'.'.'.': . "" •••• • • 

::::.:,:A:,:---------.-:-:-:-"' -----.-,' ___ _ 
" ... -,-,-:;/.',-",', ' ,"" -, 

N 

"'. -_---1. __ _ 

?--~~:-s~------
~ 

APPROACH A 
GREEN INTERVAL- 40 SEC. 

COMMERCIAL VE H ICLES 
THROUGH 12% 
RIGHT TURN 20 °/. 
LEFT TURN 8% 

TURNING MOVEMENTS 
RIGHT -14'1. OF TOTAL APPR. VOL 
LEFT - 6 Ok OF TOTAL AP PRo VOL. 

~ FRONTAGE ROAD 

APPROACH B 
GRE·EN INTERVAL-40 SEC. 
COMMERCIAL VE HICL ES ~ 9 "'
TURNING MOVEMENTS 

RI G liT -12 % OF TOT A L APPR, VAL. 
LEFT - 4% OF TOTAL APPR. VAL. 

THROUGH MOVEMENT - 80 % OF TOTAL 

BUS STOP - FAR SIDE 
APPR. VOL . THROUGH MOVEMENT-84,. CF TOTAL APPR. VOL 

BUS STOP-NEAR SIDE, M5 BUSSES PER HR. 

Solulion 
Ap1>aoAcH A 

Through movement.- l,OOOX ~~X2=2,400 
passenger cars per bour of green (see adjust
ment V). With 12 percen t commercial 
vehicles, 2,400XO.88=2,110 vehicle8 per 

hour of green; or 2,llO X ~~=l,125 vehicles 

per hour. 
. 14% 

RIght-turn movement.- 2,110 X 80% = 370 I'e-

hicles per hour of green, or 370 - (0.20 X 
370)+2XO.20X370=445 equivalent passen
ger cars per hour of green. 

The capacity of the right-turn lane: 
Volume on frontage road = 300 vehicles per 

hour, or 300 X ~~ = 625 vehicles per hour of 

green, or 625 + (0.15 X 625) = 720 equiva.lent 
passenger car3 per hour of green. 

Right-turn capacity = 1,200-720="480 pas
senger cars per hour of green , which is greoter 
than the volume above. 

Right-turn mo\'ement=370Xi~=200 ve

hicles per hour. 
6% 6 Lejt-turn mooemen/.- 2,1l0X SO % = 1 0 ve-

40 
hicles per hour of green, or 160X 75 =85ve-
hicles per hour. 

Capacity of left-turn lane (not less than 
3,600 

two vehicles per cycle) =2 X ----rg-=96 ve-

hicles per hour. 

PUBUC ROADS • yot. 2S, No. U 

Figure 35.-I11ustr(Jtive eX(Jmple 11. 

(Non.-Tbe added turning lane sllould b~~e su!llcient 
stor:lge capacity to accommcdatc foUl" standing veblcles cleaf 
oj tbe througb llUles.) 

Total capacity of approach A.- 1,125+ 200+ 
85 = 1,410 vehicles per llOur. 

ApPRO .... CH B 
Thwugh movemen.t.

Adjustments: 
Came Ejfed Fnc/or 

Busstop . •.• .• • " ................ -(V;lX~)n -6% 0. (1-1 
(See Bdiustment V·3-11·2) 

C'ommercl<ll vebicles ............. -(9X l)= -9% 0.91 
ToW taetor-0.(I-IXO.91= O.S55 

Practical capacity, less bUsses=2,400X 

0.&55 X ~~ = 1,095 vehicles per hour. 

Tota.l practical capacity = 1,095 + 55 busses 
= 1,150 vehicles per hour. 

Right-turn movement.- l,150 X !~~=165 ve

hicles per hour. 

Le/t-turn movement.- l,150Xs!~=55 vehi

cles per hour. 
Total capacity of apPToach B.- 1,150+ 165+ 
55= 1,270 vehicle~ per hour. 

Example 12 
Problem 

An urban expressway in rolling terrain bas 
two 12-foot lanes in each direction, and all 
cross street.s are separated in gra.de except al; 
one isolated intersection, At this intersection, 

calculatiolls indicate tha.t the volume of traffic 
on the cross street can be acconUllOdated by a 
two-phase traffic signal if 30 percent of the 
elapsed time is allowed for movement on the 
cross street., 

The problem is to determine the minimum 
number of lanes in each direction on the 
expressway, at the intersectiou, that will 
enll.ble the intersection approaches to I1ccom~ 
nIOdllte a volume of tmffic equal to the capll.c
ity of the t'\\'o 12-Coot lanes where tlow is 
uninterrupted, Turning movements from the 
expresswl1y in either direction are: Right 
turns, 14 percent of approach volume; left, 
turns, 5 percent of approach volume (see fig. 
36). 

SoIution 

A 65-second signal cycle is assumed, (Any 
other length of cycle, within reasonable limits, 
would be equally satisfactory provided that 
the shortest green interval is at least 20 
seconds.) For the cross street) the green time 
will be 30 percent of 65, or 19.5 seconds, which 
may be rounded to 20 seconds. Allowing 5 
seconds £Or amber periods, there remain 40 
seconds' of each cycle for GO time on the 
expressway. 

The practical capacity of the expressway 
under free-flowing conditions, with the pre
vailing Dumber of commercial vebicles and in 
consideration of the nature oC the terrain, is 
calculated as 1,100 mixed vehicles per lane per 
hour, or a total of 2,200 vehicles in each 
direction. 
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ISOLATED INTERSECTION AT 

GRADE ON EXPRESSWAY. 
FIXED TIME SIGNAL 

2 PHASE CONTROL 

CYCLE - 65 SEC. 
GREEN INTERVAL APPROACHES 

A AND B - 40 SEC. 

APPROACH A 
COMMERCIAL VEHICLES - 12. ~ 
TURNING MOVEMENTS 

RIGHT-14'1. Of APPR . VOL. 
L.EFT - 5')1, Of APPR. VOL. 

EXPRESSWAY APPROACHING 

INTERSECTION 
LOCATEO THROUGH ROLLING TERRAIN; 

12.% COMMERCIAL VEHICLES; GRACE 
SEPARATIONS AT OTHER INTERSECTIONS 

Figure 36.-111u.stratiL'l! example 12. 

The CApacity per 12-fooL lane at the inter
section is 1,200 vehicle5 per hour or green less 
necessary adjustments. It should be noted 
that adjustments for tllrJling movemeots are 
necessary (}', percent for right turns and I 
percent for left turns) becaus(' the lanes uoed 
by turning vehicles are also lI:>ed by through 
traffic, 

Adjustments: 
Cau .. t Efftct Fador 

Comruerc!alvehicl~s_ . __ ........... 12XI ,-,-12% 0.88 
Rlgb.t turns . . . . ........•... __ ... _ ... _ H X H =- 7% 0.113 
Cit turns ............ .. .. . ... _ .. _ ... _ oXI =- 5% O.G5 

Tollll fllCtOr~O.!l8XO .93 XO . ~5~ 0.7fJ 

Int.('rsection capacity· per lane (averagc)= 

1,200X O.78X~=575 vehicles per hour. 

N umber of lanes )'equired in each direction = 
2,200 

575 =3.8 laues, 

Four lanes, therefore, w·ill be required in 
each diredioD at the intersection to accom
modate a volume c<lual to the uninteTl'upterl 
capacity flow of the expressway, It will be 
necessary t,ho.t. all lanes be continued through 
and beyond the inter5ection ill t.he manner 
shown iu figur~ 36 because the added lane::. 
would be used by through traffic as well ail 

by turning tra.ffic. 

The length of each added lane in advance 
of the iutersection, in feet, (DJ in fig. 36) 
should be llot le..c:.s than five times the green 
interval, in seconds, plus a gradual taper 
(T, in fig. 36) . The combined length DJ+T, 
should be sufficient to permit vehicles to 
decelerate to a complete stop from a Dormal 
operating speed on the expressway within 
this length . 

The length of each added lane beyond t.he 
interser.tion (Dz in fig . 36) should be one a.nd 
one-ha.1l times t.he distance D 1, and t.he com
l.Jined length D l + T. should be sufficiently 
great to permit vehicles to accelerate from a 
standstill to the operating speed of traffic on 
the expressway. 
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rart VI.-Weaving Sections; Unsignalized Cross Mov'ements 

Introduction 

Weaving roctions arc provided for one pur
pns~to permit the crossing at grade of 
vehicle pa.thways with the least possible inter
ference between ve:lucles. W ca ving sections 
are ustulolly sElected 9.S a. compromise between 
the conventional intersection at grooe, where' 
delays are often excessive, and the gra.de sepa
ration, with its costly str'ucture and appur
tenances. Weaving sections are often pro
vided as adjuncts to grade separations. The 
traffic circle is, in actuality, a series of weaving 
sections, and there are many ot.her applica
tions of the principle in the lay-out of con
trolled-access highways. Unless consid'cr.,a
tion is givell to that volume of traffic which 
must cross the path of otlher vehicles In 
reaching bs destination. the capacity of these 
higher type facllitics may very easily be 
o·veres~imated. 

Two Classes of Traffic 

The vehicles using a. WEaving section fall 
logically into two classes: (l)~Those entering, 
p!\s''ling through, and leaviJlg the section with
out crossing the normal pat.h of other vehicles, 
and (2) those that must cross the paths of 
ot.ber vllhic\es after ent.ering the section. The 
latter group are the weav'ing vehicles that 
make the facility necessary. Considerat.ion of 
hoth types ()f traffic is essential in a study of 
ca.pscity, but an understanding of tho ca.
pacity of a weaving section is simplified if the 
behavior of each class of traffic is a{>.aJ.t with 
separately. On a' well-designed facility op
erating below capacity, the two classes will 
actually &rparate themselves one from the 
other almost as positively as they do in theory. 

A portion of a traffic cirde, .' showing weaving sections. Rerouting of traffic on .~ome of 
the approoehes to this circle ha., ~n rel'orted to fU·O means of reducing ·the co~jlicting 
CT'OSII nwvenient at this pc,int. 

./ 

Belwvior oj Weaving Vehiclp.8 

If all the vehicles entering a weaving scction 
from either approsch are destilletfto crOliS the 

/ 

C~OWN L."t 

~-----------------LE"GTH------------------~ 

THE BASIC WEAVING SECTION 

THROUGH TUFFIC LAN( LEFT WrAVING LOWE -----------------------------~-----~ 

--~~--------~ 

- --.. 
.1 HROUGH T""'F'C LANE ".GH' wEAVING LANE 

QUAL PURPOSE WEAVING SECTION 

Figure 37 (aoo\·e).-The basic Wf!(Jving section; ali traffIC t4J~..aves. 
Figure 38 (below).-Dual purpose weaving se(;tioll: scr·ves weavi.ng and n')llwcav!ng traffic • 

. 
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path of all vehicles entering from the other 
approach-that is, if all traffic is 'w!laving 
traffic - it, is ol)\iolls that every car must cross 
the crown line somewhere between its el(treml
tic8 (see fig. 37). At no instant can the nUffl
ber ·of vehicles in the act of.crossing this erown 
line exceed the n·umber than can crowd, into 
A sln,gJe lane; provided, of course, that the 
fac.ility is operating ' 8.'! it should · without 
"chicle!'; being required to come to a s,OOp 
before merging with the stream of traffic from 
the ' other approach. . Thus, the total number 
of ve&1c1es en~ering the weaving section, if . 
all are weaving vehicl'es, .cannot exceed' the 
capacity Or tI. single lane. Thi~; simply stated, 
is Olle of thfl rules governing the capacity oC a 
weaving section. There n,re certain modifica
tiODS of this rule, lI.8 will be brought out later, 
but (or t.he sa.ke ,of clarity disc1J6Sion of these 
!IlodificationSis filOrnentarily deferred. 

Speed Limited on Short Sections 
One of the elemen~ affecting the capacity 

of 1$ traffic !ane is the speed at which vehicles 
call or do travel. In the same lIianner, speed 
also induencp,s the capacity of a weaving sec
tiotl. It j~ in this respect tllat the lellgt.h of 
t,be sectiou play~ n. part in its capacity. To 
understand the relatio.o between speed and 
length ofsectioll, let it be imagined for the 
moment that 'we hM·e a weaving section of 
very short length, Sfj.y 50 or 100 feet. 
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influenced 1·0 >lome (''(tent. hy the distance 
ahead of (.he "'easing section thaI. drivers on 
onc approac.h road ClUJ sec trnffic on I he ot.her 
approach road. This di~tal1ce luay be lIsed 
h~' dri\' e r~ that mn~t cros~ the path;; of ot.her 
VehiclE'S to arljl'st. t hei r speeds before reltching 
t.he weaving secl.ion, so t.hat. t.he rrwrging 
operation will be performed wilh ~l minillllllll 
of conflict between vehicles . 

Typical Examples 

Information regarding the relations bet.ween 
traffic \'olume, operat.ing speed, and geomf'tric 
featllres of weaving sections has heen obt·a.ined 
from detniled ~tudie~ condllct~d by the Bureau 
of Public Road., and from traffic volume data 
s ubmitted hy State highway departments alld 
COJnllliltee memhers. Tahle 20 ;;hows data 
pertinent only t·o the sections of considerahle f 
length which were operat.ing at or near capac-
ity and (or which detailed data such liS ::.peeds 1.· 

are available. , 

Location No. ~-Pe"tagall Netwurk 

J1'('rUling sections.on '.h" Pentagon Network, Arlington, Va. 

Weaving secUOll 1\0. I lie~ bet-ween I·wo 
TIlmp~ and serves a part of t.he traffic to and 
[rom Arlingloll :vremorial Bridge at· Wl1$hing
lon, D. C., as well as some t.ra.ffic from L~e 
Boulevard dc~lilled for the Pentagon Building 
in Arlington, Va. Truck.;; are not, allowed on 
this facility and, except for II. negligible num
bel" of husses, traffic j ~ composed entirely of 
pMsenger cars. There are no lane lines or 
longit.udinal joints on (.he bit.uminOIlA surfa.ce, 
hilt. both approaches llnd the exit 1.0 t,he left, 
which serves a..~ a ramp approaching the bridge, 
are lI ~ed as two lanes. The weaving sectioll 
is of &ufficient widt.h 1·0 accommodate four 
IanI'd of t.raffic. Figure 39 ~hows I he number 
of vehicles in each lane 0 11 the approach road
ways that. ent.ered {'ach lane on (.he exit road
ways but docs not show t.he exa.ct points at 
which the "'eaving Inaneuvers took place. 

.Fnrther, let it be 9.$sUIDcd lhat traffic is 
composed eD tire!y of weaving vehides. At 
ver.'· low traffic volumes there will be little 
contlkt between weaving vchide,' even 0 \ this 
~hort section becau ~e gaps ill t.he 8Lream of 
traffic from olle approach will, in wo~t cases. 
coincide with the entry of vehicle,;; from the 
ol.her approach. Ad traffic becomes heavier, 
Ilowever, the probability of vehiclf's cllte.ring 
the section from the two approaches simlll
t .aJleoll~ly incrcaseA until at lllod('ral.ely heavy 
volumes mau)' drivers will be reqUired to stop 
and wllit for a gap in the other st.ream of 
traffic. \\Thell the facility is taxed to its C!1-

l)acity, most vehicle,; will be required to come 
to a halt Slid the weaving section fail ~ 10 serve 
it.~ intended purpose. Operation is t.hen com
parable to that of an orclinary oblique int.er
sect.ion , ha.ving II capa,/;'it.y of 000111. 1,200 ve
hicles per hour. This value corresponds to 
the possible capac.ity of a single traffic lane at. 
low ~peeds. 

itl nder more favorable conditions lI. weaving 
section o( ample length may have a possible 
capacity that includes about [,500 passenger 
cars per hour perfor ming weaving maneuvers 
at an average oper;-at,ing speed of about 40 
miles j)er hour. The needed length for this 
speed is about 900 feet. The same volume of 
weJwing traffic can he accommodated at a 
speed of 30 miles per hour by a section 450 
feet long. 

Nonweaving Traffic 

Only in rare instances will all traffic be 
weaving traffic alt.hough, as stated earlier, it 
is r or Sf'rvice to the well. "ing traffic t.hat I he 
wC'aving section owes its existence. As a 
secondary plJrpooe, weaving sections must 

258 

accommodate the non weaving traffic by means 
of added Illnes adjoining either side of the 
weaving lanes (fig . 38). Det.ermining the 
cnpadty of these I\on,,'clwing lancs iu.volve~ 

no new prin ciple, as the procedt.re i6 not 
diffuen [. from 1.l\o,t for any tl'affic· laDe Oil !l. 

multilane facility . If any weaving section is 
to function properly and efficieJllly, it is 
important that these added lanes have ade
quate capacily to serve the non weaving 
vehicles. 1£ Jlon\\'e8ving vehicles ut.ilize the 
we:wing lall f:.~ either through choice or throl'gh 
neces~ it)", t.he.\· interfere \\'ith t.he vehicles 
t.hM llll' :3 t weave to rench thpir destinllt.ioll, 
thus reduc.ing th~ total Humher of weaving 
vehicles that can be accommodat.ed. Appro
priate u~c of .!>'igns to direct dri"er.~ to the 
proper si de of !.he approach road is e~sential, 
therefore, if t he ~ection L, to op('rate efficiontly 
during peak volume periods. AI"o, the 
pffeclive length of a weaving section is 

JA)C;.ltion 
uumber I 

"[ftMe 20.~Obsen'ed 
volumes on 

~(ll,ing sections 

Dime-Mion.5 

~um~r cr h.nes at-
Leugth LI--,----,---....,..·--.--I 

A B IN C D 

\'chicles from Lee Boulevard, or tho~e ap
proaching t.h.e wl\a~'ing .;ection from t.he right, 
traveled at an a\'erage speed of about 25 miles 
per hour. Speed" on the ra.mp from Memorial 
Bridge a.veraged 20 mjlei; per hour with about 
5 percent of t.he "ehicles comirlg to a comple(.e 

T,.,.f!l.c \'olume In \'ebic)c< p.r hour 

IV, T()taJ 

, I 
A pproxi· 

mate 
sp.<d5 

1-----1-----------1----- -----------.. --
Fa( M . p . h . 

1 ...... • _ • •••• 1.1~ 2 3 ~ 2 ~ I. (1lS 1 , 7~ 3. 2\10 0 246 3. 536 2.~ 

L::::::: ::::, 1. !f6 2 ~ 'i ~ 2 ii2 I. 712 Z.484 0 2·10 2. 724 18 
921 3 3 ~ 3 2 1.000 300 1. 309 915 700 3,OB ~ 

4 . . ... . ... . .. . ~118 .1 2 3 2 3 1,611!! :276 I. 974 (SO J~8 2,712 22 
5 .. • ....• • • • •• 55() 3 3 5 ~ 3 ~IO 1.676 2.00~ 3~2 7&1 3, 20t 28 
5 ..... . ....... 55() 3 3 5 2 3 1.351 3@A 1.735 (SO 582 2. 007 30 
0 .. • . • . • ... • . • 55() 3 3 5 ~ 3 Q~5 756 1.690) Hi 437 2. g41 27 
6. __ ... _ ....•. 550 a 3 {, '2 3 !i09 1,672 2. 1~1 d:18 425 3. 2H 2.~ 

tri'b~~~i~u!~~~e on the Pt'n~f\g()ll >J~t"·()rk . Arlington, Va .: l0<"8tions 5 lOud 6 ~r. un tbe Sau Francisco BIIY Bridge di~· 

I N~rrowg ('\lm H (toet to 27 feet approxlwo.tdr midway "f I.n~th. 
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... 1 .. -~---------------- 11<40 FEET 

Fig"re 39.-Weaving section on roodu':oy under l~emorial At)enlLe nenr lceSt end of il-leTtWriol Bridge, JJ'a.shington., D. C. (morning rush; 
period, 7:4S-8:45 fl. m., November 13, 19-17). 

stop hefore entering the weaving section. 
Near the exit: from t·he weaving section, ve
hicles in the left lane were ~p~ed as closely 
together as pORsibie and all were moving at 
practically the same speed-J.S to 20 miles per 
honr. The average speed in the right.-hand 
lane near the exit was about 25 miles per hour 
with 20 percen.t of the vehicles traveling 30 to 
35 miles per hour. 

It was apparent during the period of peak 
volume t.hat the desired number of weaving 
maneuvers' could . not be performed in a. ;;a(e 
lind efficient manner, as evidel1ced by the 175 
vehicles dest.ined to the right-hand exit 
t.hat were forced w stay in the left lane for 
the lull length of the ,,"caving section before 
crossing the pat.h of vchicles . taking tlle left
ha.nd exit; Also, it was obvioullly impossible 
for <\11 veh.icles turtling left to Memorial Bridge 
to enter tbl;) left lane, which accommodated 
1,583 \'ehicle~ in the 1 hour and lrequently 
a.ccommodated vehicle>! at a rate approaching 
the basic capacity of 2t' 'lOO vellicLes per hour 
for periods.J)( several m lutes duration. 

Location No. 2-Pe.ltagon Nelwork 

Figure 40 show.;; tlie de(.aiL~ of location No. 
2, the sa.me facilit.y as locn.tion No. I, but 1\S 

it- 8.ppeared in 1946 prior to improvement to 
the present la~:-O\lt. It will be not.cd that the 
improved facility (fig. 39) I1ccommodate.s about 
700 vehicles per hOllr more than the Humber 
observed on its predecessor. Thi.~ over-all 
l)lcrea.se consists alruoot ent.irely of weaving 
vehicle!l. The service rendered to 3,429 
vehicles is comparable to that previously 
rendered to tile 2,724 vehicles per hour using 
the former (acility. Since the improvement, 
there has been a slight increase in speed, and 
weaviug maneU\'ers call be performed witb 
somewhat greater ease. The present lacilit.y 
provide~ slightly bet-t.er ser\'ice because 0111.1' 
1 i5 vehicles, as c,?mpared with 270 on the 
earlier facility, are forced to t.ravel t.he full 
length of the section in 1-he left lane before 
being able to crO$S to t·he exit leading to 
road A. On t.he old facility, represented by 
figllre 40, nearly all weaving maneuvers were 

_____ LENGTH 570' 
GRAOE LEVEL----

-. .., 

performed on tha.t portion of the section nort·h 
of !\ilemorial A "enue, whereas on the newer 
f~i1ity, weaving is accomplished t.hro\lghout 
the length of the weaving section. 

Location No.3-Pentagon Network 

Pertinellt phy~ical feat.ures Ilnd the maxi
mum observed tra.ffic volume ilt location 
No.3 OJl the Pentagon Network, commonly 
referred to as t.he southbound mixing lanes, 
are ~hown in figure 41. At thig location the 
two approach routes and the two exit rollt.es 
are of equal import:mce so no one of the (our 
traffic movements has been shown any prefer
ence. The a.rrows show only the tot.a.1 volume 
entering and leaving on each roadway. 

Studies have ",ho"'-rt that the a\'er:1ge "peed 
is 37 miles per hour on the two approach Toads, 
with t.he follo\'<ing dist.ribution of !:per,ej,, : 

Ptrctrll 
Below 30 m.p.h. ____ ___ .. • _____ 14. 
30 to 391ll.p.h... _______________ 53 
40 to 49 m .p.h___ _ __ ___ __ ___ __ 30 

50 m. p. h. or over____________ 3 

Figure #l.-Maximum ob .• en-ed hourly traffic volume on mixing lone section on roodway Itnder MemoriaT .4t.·enue near lcest end oJ 
!l1emorial O"Wge, Washington, D. C. 
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Figure 41 .~Ma:firnum obsertled hourly tra(}ic volume (m Inuing ltJnesJor south·bOluuJ traffic at junction of road AJrom Memorial Bridge 
arotd road Cfrom V S 1, Arlingt.on, Va. 
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Fi gltre 42 ,-i\fa:d mum ob .. erued hourly LNlJJiC rolume on mixing lanes for north-bound trujJic at junc lion of rood K Jrom Ridge Road ond 
tlte Shirley "ighway, Arlington, Va. 

Very few drivers reduce their speeds while Oil 

or approaching the weaving section during 
off-peak period". During the peak period 
represented in figure 41, however, there was a 
very noticeable difference between the average 
speeds on the a.pproach roads and t.he speeds 
on t.he \veaving sect jon. Few vehicles involved 
in the weaving maneUvers traveled at. speeds 

ill excC':>s of 30 miles per hour, and on several 
occasions during the hour the two weaving 
lane8 became .filled for the entire length of the 
section with vehicles at a standstill. These 
periods generally lasted for less th9,n a 
minllte and the condition usually developed 
when a queue of vehicles from eacb of the two 
npproach roads traveled nearly the entire 

Entrance turn from ramp to Jreeway. .41tlwugh traffic from the ramp u rather fight., it 
is ~ttfficient tofill the ul'ai/able spaces in Ihefirst lane of thefreelOOY. The lane odjc· 
Celtt to the Inedian is ulm.ost clelXJid oj traffic. Thi~ cMracteris!ic tendency for tr(J,Ui.c 
to diRt:ri.bute itllelf between ltJn.es results in mallY of the sJXlcet< being shielded against 
occupancy by t-.ehiclesfrom the r01l'tp . 

2&0 

lengt,h of the scct.ion at approach road .~pecd.~ 

without performing the Ileces~a.ry wea.ving 
maneuvers before coming to a complete stop 
immediately ahead of the apex separating the 
exit roadways. 

During the hour of study, the tot.al flow 
was 3,014 vehicles, including 309 pa.s8enger 
cars from one approach road tb.at crossed the 
paths of 1,000 vehicles (4 percent dual-tired 
trucks and busses) from the other approach 
road. Although the roadwa.y appeared to 
have reached its practical capacity, the volume 
of traffic a.pproaching 011 the right, and leaving 
on the right, or apprOllch.ing 011 the left a.nd 
lenying on the left, could ha.ve been consider
ably greater without increasing the conges
tion ha.d these vehicles not become involved 
with the ones that were weaving. Also, 
lower approach-road speeds would ha.ve per
mitted a. larger number of vehicles to perform 
the necessary weaving maneuvers within the 
same length of wea.ving section without in
creasing the apparent congestion. This sec
tion exceeds the minimum length required for 
the prevailing volume of traffic, but the added 
length overcomes in part the defic.iency of 
inadequate signs a.nd the absence of lane lines. 

Loc.a~jOD No. 4--Pentagon Network 

The traffic movements at location No. 4 on 
the Pent.a.gon 1\etwork are shown by figure 
42. In this case, tra.ffic approaching on the 
Shirley Highway (road D) hea.ded wward 
Washingwn (also road D) has been ShOWll a 
definite preference by the arrangement of the 
longitudinal joints, which act as lane lines, 

lDeumber 1.9(9 • 'PlJJBlLtC ROADS 



and , by the general alinement. Traffic slowed 
to ahout 20 miles per bour (or short periods 
during the hour of peak VOIUU1C. A slight 
increase in the total volume of weaviog 
'traffic would have resulted in very congested 
conditions. 

Weaving Sections Limited in 
Practical Applica don 

The resul ts of analysis of a. vll.ilo.ble datu. on 
traffic voluID,es and speeds on weaving 
sections are shown by figure 4,3. Ba,<!ically, 
traffic on 6 weaving section is affo;cf.ed by 
density in much the s30me manner as on a 
roadway with uninterrupted 60w. Maximum 
volumes occur at speed" between 20 and 30 
miles per hour. Higher :;;peeds aTe possible 
only at volumes and traffic densities lower 
than those found when the facility is operating 
at its possible capacity. Whenever traffic 
d ensUy exceeds the criti'cal ,density, speeds 
Call below 20 miles per hour, the capacity 
Is loweredl, and complete congestion or 
slaglUltion may occur within a few seconds. 

Weaving section/or north-bound traffic at ilu! jrtncti.on oj Shirley Highway and 'Washington 
&uleIJard, Arlington, J'a. 

The curves in figure 43 show that there is a 
rapid increase in the length of the section 

3500 I'TI ---r---r---r---:rl -'Iir-~ oo\,'Vr---::;, r--'--'V---"FV'-7r----;-;----'---''-v-.-/-::::7r---r--, 3500 ~ 
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Figure 43,-Operating characteristics of weaving sectiornl. 
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Figure 44.-A compound weavi'ng section. 
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required for a given speed with an increase in 
the number of weaving veI-dcLes, Doubling 
the traffic volume approximately triples the 
length of section required and doubles the 
number of lanes required lor the weaving 
vehicles. 

Figure 44 shows schematically the weaving 
maneuvers that must take place when the 
number of weaving vehioLes is doubLe the 
normal capacity of a traffic lane, All vehicles 
are sho\\"1l crossing thf\ crown line either in 
the first one-third or:la.st one-third of the 
section. Each vehicle is involved in two 
weaving maneuvers with:.tbe result that four 
times as many weaving maneuvers must be 
performed as with hB.lf the volume. Theo
retically, at least, this illustrates the need for 
tripling the length for twice the volume. 

In practice, however, most drivers, knowing 
in advance that tbey must croBS the crown 
line, attempt to gain a. position on the ap
proacb Toad wbich is most favorahle for the 
early performance of the weaving maneuver, 
As a result, the two strea.ms of vebicles that 
must weave approach each otber with no gaps 
to permit an interchange of positions. Any 
weaving section, regardless of its lengtlh or 
number o( lanes, w01 become badly congested 
when the number oC weaving vehicles ap
proBches the, possible capacity of two traffie 
lanes. Operatine conditions will seldom be 
entirely satisfactory unless the traffic on the 
approach roadways Is well below the practlcall 
capacities ofthesc approaches and the weaving 
scctton has one more lane than would nor
mally be required (or the combined Iraftle 
from both approaches. For this reason, 
weaving sections are considered practica~ only 
where the two intersecting one-way roadways 
each carries less than the normal capacity of 
two lanes of a one-way roadway and the ,total 
number of vehicles required to weave does 
not exceed 1,500 per hour. ,In computing 
capacit.ies, allowance must be made for 
trucks, laQ,es oC substandard width, etc" on 
the saUle basis 'as in the case of multilane 
roadways. 
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Part VII.-RaDlps and Tbeir Terminals 

INTRO]i)UCTION 

The efficiency of traffic movement on free
ways or expresswsys and the extent, to which 
their potential capacities can he realized 
depends directly on the adequa.cy of the 
fadlities that are provided for entering and 
leaving these highways. Improperly plsnned 
entrance;; can seriously Iiwit the traffic vol
umes that can usc an expreBsway, and exit 
facilities incapable of IWcommoda.t.ing vehicles 
leaving the higbway at one point, even though 
the number be relat.ively few, can ca.use com
plete congestion oC all traffic. 

While the subject of ramp capacities hll.s 
been considered by the Committee and much 
factual data have been collected, only a few 
generaliza.tions can be drawn at the present 
time thLlt might be helpful in dealing with 
problems concerning Tamp capacities. No 
exact rules are applicable to a.1l rfl.lllps because 
their capacities are so closely related to the 
pa.rticular lay-out, especially at the terminals. 
The primary purpose of this section, there
fore, is to furnish some knowledge of tra.ffic 
operations on Ta,rnps that can be utilized by 
engineers in rntiona.lizing the various elelnents 
that should be considered. 

The ca.pacity of Il. ranlp is n.lIected by the 
character of trll.ffic, gradient, width, curva
ture, and the speed o..l which vehicles operat.e. 
The sharp tUrfature on most ramps usually 
limits the possible capacIty to thal attained 
on a tanient section lit speeds below 20 miles 
per hour. At the higher speeds, drivers find 
it difficult to stay within their lane and lll~ve 
a tendency to maintain a somewhat. greater 
headway than is normal on tangent 8ections. 
This happens despite the flWt that lanes 
wider than 12 feet are often provided OD 

ramps. 
EXcept on ramps having extremely lIang 

radii, and on direct conneclions !having a low 
deiree of curvature, the lane upaeIty of the 
ramp il8elf, when the entrance ot edt does 
not g·overn. is usulllly of the order of 1,200 
passenger ·cars per hour. Thus, a ra.mp 
having a nominal width of two lanes (usually 
28 or 30 feet) should IWcommodate about 
2,400' passenger caTS at a.n averll.ge speed of 
12 to 15 miles per hour. Actual examples of 
ra.mp movements of this magnitude are rare, 
indeed, because few of the termina.ls are so 
plfmned that traffic entering and leaving the 
ramp caD do so with the necessa.ry freedom 
of interference from traffic on the major high
ways or streets. 

Even on some of the mosl modern facilities, 
there is a tendency for traffic to move in a 
single line at one or two points on the ramp. 
The point of constriction is lLsually at either 
the entrance or the e~dt t() lhe ramp. Under 
sucb conditions ,the possible capacity of the 
ramp will be about 1,200 vehlcles per hour. 
This probllbly Accounts for the common belief 
that the ca.pacity of !Lny ramp will not exceed 
1,200 to 1,500 vehicles per hour and therefore 
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Ramps may be of differlm.t forms, but the ttro general classes are inner loops and direct 
connections. 

tlte ramp should he to.pered to confine vehicles 
011 t.he ramp to oue lane a.s they enter an 
expressway. However, there is little reason 
to thInk that ramp terminals cannot be so 
plan'ned that much fatger volumes of traffic 
can be handled with ease_ Further, there 
!Lre a few existing facilities where much higher 
volumes bo.ve been observed. One such 
example is the ramp shown as the left exit of 
the weaNing section illustrated in figure 39. 
Nearly every dllY about 2,100 vehicles per 
hour during the morning rush hour use t·his 
ramp, which is approximately semicircular in 
sbape lind has a radius slightly over 200 teet. 
The vehicles from t.he ramp merge with a.bout 
1,200 vehicles per hour in three lanes at the 
ramp termi.nal. 

Another eX8lllple of an unusually beavily 
tra.veled ramp is the Dearborn Street inter
change on North. Lakeshore Drive in ChiCAgO. 
At the on-bound ramp 2,092 vehicles in 1 hour 
have been observed merging with 5,923 ve
hicles on. the expressway. The ramp is a 
direct connection and tra.ffic merges in six 
lanes. The off-bound ramp at this inter
cha.nge has been observed to discharge 2,482 

vehicles in 1 bour. This is also A direct 
connection. 

Wbere direct tonnections having Bufficienlb 
Ilarge radii of curvalli,re and Buperelevatiol\s 
to permit speeds of 30 miles per hOUl or more 
during heavy tra'ffic volumes are employed, 
the pracl!cal ·capacitles of the I'anes on tibe 
ramp and the expressway may be calculated 
&is ,for any ,traffic lane j,n the manner outlined 
in 'part fV, providing traffic using {be ramp Is 
not hampered ,in entering and leamg' the 
ramp !by through trl1ffic on the highways whlcb 
the ramp connects. Gellerally, however, the 
capacity of a ramp is controlled by conditions 
at or near the terminals. 

CONDITIONS AFFECTING RAMP 
CAPACITY 

There are almost an unlilU,itc:d number of 
different conditions and combinlltions of con
ditions tha.t limit the number of vehicles that 
can use a given ramp, or that determine the 
necessa.ry ramp design for a certain number 
of vehicles. Only a few of the more important 
conditions tbst must be considered are covered 
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in the following discussion. Anyone of these 
might be the controlling factor for a particulnr 
location. 

Volumes During Peak Periods 
For no portion of 8. highway Is It more im

portant to know the volume of tratlic in the 
various movements during peak periods than 
when trying to design an adeCluate ramp or 
when estimating the capacity of an uisti!1, 
ramp. Annual volumes or 24-hour volumes 
for the various movements arB of little value, 
because the peak volumes on f50me ramps do 
noL coincide with the peak volumes on the 
highways. Oftentimes the peak volume on 
one ramp will occur during periods when the 
traffic volumes on other nearby ramps or 00 

the highway are relatively low. For this 
reason, the traffic volume that cnn be accom
modated by II. particular ramp will vary from 
time to time depending on the trs.ffic volumes 
using the facilities that it connects. 

Weaving Distance Between Ramps 

The number of vehicles that can leave or 
enter a ramp is sometimes controlled by the 
number of vehicles leaving or entering the 
same highway on adjacent ramps. III the 
case of the two inner loops of a cloverleo.f 
design which are used by traffic traveling in 
the same direction on a main highway, traffic 
cnwring the main highway from the on-ramp 
mllst wea.va with traffic entering the off-ramp. 
For this condition, the capacity of the section 
of roadwa.y between the two ramps can be 
ca.lculated in the same manner as for any 
wea.ving section. If the dIstance between the 
two Inner loops Is very short, the combined 

capacity of the (wo ramps would oe testr,i(!ed 
to 11/ total of about 1,200 passenger cars per 
hour At a speed of less than 20 miles per hOUT. 
This is one reason tha.t designs in which vehi
cle.<; leave an expressway facility ahea.d of the 
point where vehicles enter the facility /lre 
preferred to the clo\'erleaf design, especially 
when the movements on two adjacent inner 
loops are at or nenr their peaks at the same 
time. 

Terminal Conditions 

The entrance to a ramp might be made from 
a. fa.cility on which the flow of tra.ffic is un
interrupted, or it might be from a highway or 
city street with cross traffic at grade a.nd be 
in the immediate vicinity of a.n intersection 
controlled by traffic lights. Likewise, the 
exit from a ramp might be made either to a 
facility with uninterrupted Row or to a high
way or street with cross tra.ffic at grade. 
Furthermore, eithe.r or both of the roadwa.ys 
which the ramp connects might haye accelera
tion a.nd decelerntion a.rell.'S or added lanf',8 for 
the vehicles using the ramp. Also, if there 
are no accelt'ration areas or added lanes, t,he 
general lay-out may be such as to require 
traffic to stop before entering the highway or 
street. 'Fbele are many different condHions 
that cail edst at tne entr,ance and exit of a 
ramp, anyone 011 which might controll the num
ber o( vehldes that can ,use the particular 
ramp. 

A<t~8ratl,e intersections in vicinity of ramp 

Traffic a.pproaching a ramp lea.ding to an 
expressway and traffic 00 a ramp leading (,rom 
an expressway must oftentimes pass through 
an intersection a.t grad£' in the immedint() 

A ramp urminai WMre the traffic ,demond e1:ceedll the capacity oj the e.-.:pre/Ssway. During 
peak periods traJJic must be directed by a police officer. 
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vicinity of the ramp. The volume of' tra.ffic 
that can ~e accommodated ,by the ramp ill tllen 
dependent on t'be capacity of the nearby inter
section. When this is the ell.'Se, the informa
tion on intersection capacities should be ap
plied when estimating the maximum volume 
of tra.ffic that can enter or leave the ro.mp. 

En'trance to expressway (rom ramp 

It, is a common practice to assume that tl8 

many vehicles co.n enter an elCpressway from 
a ro.mp as the difference between the ca.pacity 
of the e:.pre.sslVay beyond the ro.mp and the 
tra.ffic volume on the expressway ahetm of 
the ramp. For example, iI a four-lane 
divided expressway bad a practical oapacity 
of 3,000 vehicles per hour ill the one direction 
and there were 1,800 vehicles p.er bour on the 
expressway just ah.ead of the on-ramp, it 
would normally be assumed that 1,200 vehicles 
per hour could enter the expressway from the 
ramp. With no accelera.tion a.rea, this would 
be true only if the 1,800 vehicles alretmy on 
the expressway could and would crowd into 
the one traffic lane before reachiog the on
ramp. It would also be true if there were an 
a.cceleration area of the same length as the 
distance necessa.ry for 3,000 vehicles traveling 
in three lanes to crowd into two lanes wit.hout 
a marked reduction in speed. 

ObViously, vehicles from a ramp can ent,er 
an expressway only in the avnilable spaces 
between vehicles operat,illg in the 6rst la.ne 
of tb.e expressway. The highe't the traffic 
volume on the expressway, the less opportunity 
(,nere will ,be lor vehicles to enter t'he expfess
way when other conditions atecomparabl'e. 

The length o{ the spl\ce between vehicles 
on the expressway that will be utilized by a. 
driver entering from a ra.mp will vary for 
different drivers and with the frequency oC 
such spaces and the speed of traffic. If a 
driver has to wait a long time for the occur
rence of a. space which he normally considers 
entirely adequate, he is apt to take adVAntage 
of a somewhat shorter space tha.t occurs more 
frequently. 

The results of a st.udy mf\.de to determine 
the spacing between vehicles in the first lane 
of an expressway that drivers utilize in enter
ing {rom 1\ ramp on the right are shown by 
figure 45. These results represent only one 
po.rticular set' of conditions, i. e., a continuous 
back-log of vehicles on !l ramp 20 feet wide 
with 1\ stop f5ign strictly enforced and no 
acceleration area for traffio before entering 
the through lanes of the expressway. To 
eliminate or At least reduce the effecL of one 
of the vario.bles-the speed of traffic on the 
erpresswe.y-the spacing beLween I'ehicles on 
the expressway has been expressed as the t.ime 
interval between vehicles as they approached 
the location of the rAmp. 

The upper part of figure 45 shows that 
some drivers, although very few, entered the 
ellpressway from the ramp when the time 
spe.cing (center to center) between p~~enger 
cars in the 6rst lane of the expresswa.y WIIS 

as low a.s I second. Other dr.ivers would not 
enter unless the time spacing was as high as 
17 seconds. In other words, with a double 
line of vehicles on tbe ramp waiting to ,enter 
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Figure 45.-Utilization of atxlilable spaces bet'fJeen t.·ehicles in the first lone of an exprl'ss 
highway by t--ehicles entering from a ramp 20jeet wide with stop control (dltT.inG peri
'oos when two lines of t>ehic,les .,,-ere u'Oiting to enter t,lle expressway from the ramp). 

the expressway, none of the spaces short,er 
thAn I second between vehicles in the first 
10.01' of the expressway were utilized by ve
hicles from the ramp. Likewise, 20 percent 
of the 3-second spaces, 54 percent of the 5-
secolld space;, and all of the spaces 17 8econds 
or longer were utilized by vehicles in entering 
the expressway from the ramp. '\Then t.he 
space occurred ahead of a truck on the express
way, all entrance from the ramp WflS never 
made unless t.he time space was at least 2 
seconds, and at least one vehicle always en
t.ered when the time space was 15 seconds. 

The lower part of figure 45 shows the aver-

2U 

age number ot vehicles that entered the 
variolls ~pllces in the first lane of the expres8-
way. Alt.hougb only 54 percent of the 5-
second spaces were utilized, fin Average of 2.8 
vehicles entered each of the utilized spaces 
making fin average of 1.5 vehicles that entered 
the expressw&y for each available 5-second 
space. The det,ailed data show that vehicles 
whi(lh utilized SPAceS less t.han 4 seconds long 
came almost entirely from t.he right-hand 
lane of the ramp, whereas approximately half 
of th.e vehicles thAt entered a.ny space longer 
than,4 secoDds ca.me from t.he left lane of the 
ramp. 

Lane usage 

Information of Lhe type shown by figure 45 
in combination with lane usage on an express
way and the frequency of occurrence of 
various t.ime spaces between vehicles at 
different, hourly volumes may be used to 
determine the maximum number of vehicles 
that. can enter an expressway (rom a ramp 
when there i~ no acceleration area. With un
interrupted tlow, t.he frequency of occurrence 
of various t.ime spaces between vehicles in a 
lane is very consistent for a given traffic 
volume regardless of the other prevailing 
conditions, and can be predict(,d wit.h Il high 
degree of accuracy [rom thl' results of com
prehensi~'e studies (see figs. 9 and 10 in part 
rv). Lane usage, or the percentage of vehicles 
in each lane, will vllry, howe\'er, for different 
tot,al traffic volumes And for a large number 
of physical and geometric conditions that. 
might prevail in the vicinity of a ramp. 

Oil 11 modern four-lane express higbway at 
tangent \oclI,tions that are Dot in the vicinity 
of an intersection, traffic will generally be 
distributed between the two Janes for the one 
direction of travelllpproximately as shown by 
figure 46. As the traffic approaches an 'inter
cbange or a ramp, the distribution Ibetween 
,lanes will change and the extent of the change 
will depend on the particUilar lay-out at the 
interchange, the Drnount of traffic that enters 
and leaves the expressway at !he Interchange 
or ramp, and the effectiveness of the direc
tional signs and pavement markIngs. 

Figure 47 shows the distribution of traffic 
between the lanes on an expressway at the 
approach to a ramp on the right with a 
continuous back-log of vehicles trying to enter 
the exprp-ssway. In the one case, as shown 
by the solid line, (,raff'lc from the ramp was 
required to stop before entering the express
way whereas, in the other case, as shown by 
the brokeD line, an acceleration lAne was 
available and entering traffic did not neces
sarily stop. 

For both conditions shown in figure 47, 
most of t.he traffic on the expresswny used 
the second or left-hand lane during low traffic 
volumes to Ilvoid interference with traffic 
entering from the ramps. As the traRl.c 
volume on the expressway increased, however, 
the distribution between lanes beClime more 
nearly equal, there being a somewhat greater 
tendency for the drivers to a void the right
hand lane when entering traffic was not 
required to stop than when it was required to 
stop. With an Deceleration area available, 
therefore, it is not only easier to perform the 
merging operation than when there is a stop 
silgn on the ram p and no acceleration area, but 
there are more spaces between vehicles in the 
.IIrst lane or the expressw'lY that can be 
utilized by traffic entering from the ramp. 

The most important, point iIIusttated by 
figure 4.7, however, is {hat the effect whl-ch 
the ramp has on the distribution of traffic 
between limes during low traffic volumes on 
the expressway is not apparent when the 
volume exceeds 1.000 vehicles per lane. 
Drivers will not crowd ol1e lane to leave 
another lane comparatively free of traffic so 
that other drivers from a ramp can enter more 

,Decembar ][949 • IPUBUC ROA:bs 



III 
IU 
.J 
u 
i 
'" > ... 
0 

10.1 
0 

:! :z ... 
Ii 
10.1 
C. 

IOOr-----;_-----r-----.------,-~--_r----_,------r_----;_----_.----~------r_----;_----_r----~------,_----~. ~O 

tO I~I---t-_+_____+_---+-1 -+----+--+----+ _+--1 _-+_ [ 

-.................... I I 

.o ~~~--~--~--~~---r-----r-----r----~Ir_--~----~----_i----_t----_t----_+----_+----_+---

~'" II 
~ ~----~--_+----_+--~~----~~~+_----r_--_+----_+----_r----+_----t_--.~F=--_+----_+~--~ 

~ 
I--.....,..-+- tNTIRELY OR NIITLY IN OutSIOE ~ I I' ENTIRELY IN INSIDE OR LErT HA"D utNE --...:::::;;::::t::::;::±;;;.:;=;:.f .... - -1 

UU"'U"' ~ J-H-t 1.1 --+-~ 
I -----;- f---- II 

~~ : . ir---.· . 

80 

~ 

I 
40 

70 

I 

60 

~ 

40 

I 

-- lO 

..... - 2<1 

v~ 
30~---+---+-----~--~~-----+-----+-----1-----,r---·--r- ... ~-----r-----+-----1-----1r-----~-

/V :1 

./ SHlnIH~ FRO .. OlliE LANE TO THE OTHER 

20 1----11~:::: .//r~=t==::t:::::;:=1r==r=::==t::::::t=72:jl WITHIN 0 .2 IIIL.E OF III$N"' .. " 1-----+----+-
~L----- - '1'--'.. 1. . I . 

,Ot:~~3:::===t.-----J------1_----JL----_l------L_----1_----_L----~====::t:::::~::~:±~~=db=~=-~~~-J,O 

°OL---~2~0~0-----40~0~--~6~OO~--~ao~o~--~IP~OO~--~I~~OO~--~I~.~~0~--~1~~--~I~~~~·~-~tpo~0--~~~ro~0~--2~.~~~~-2-pooL-~~2~.J.-----sp~OO----~3.~ 
HOURLY TRAFFIC IIOLUME IN ONE DIRECTION - VEHICLES 

Figure 46 ...... Distribution oj vehicUJs bett_en traffic lanes on a Jour-lane highway during 
. variolls hourly traffic ',,"(}iu m~s. 

II) ... 
...J .., 
i: ... 
> .. 
0 
... 
'" ... .... 
z .., 
<.> 
0:: ... 
0.. 

easily. This is one reason that it is not 
proper to asslJlme that as many vehicles ean 
e~ter an ei:\lfegSway tirom a ramp as the dif
fer·enee between 'the capacity of the express
way beyond the ramp and the traffic volume 
on the 'expressway ahead of the ramp. 

and stop-sign COil trol oCCllrred \\' hen the 
volume approaching on t.he expreS~I\'ay wag 
about J,500 vehicles per hour. Uuder thi.8 
condition, officer control incrcMed the total 

flow of vehicles from 2,130 per hour t.o 2,900 
per hOllr, or 36 percent. Even with this 
illcrea.~e, however, the traffic that could eot·er 
(rom the ramp was limited to 1,400 vehicles 

The possible capacity of S pLLrticular rSlup 
in relation to the volume of traffic on an e~
pressway is shown by figure 48. The design 
a.t this location provided 1.1. stop sign to control 
traffic frOD) the ramp. Recently, however, 
poUce-officer control hits been necessary during 
pea.k periods to handle the increased traffic 
volurue~ without long delays to traffic on the 
ramp. Stopping through traffic on a facility 
de8igoed for freeway or expre8sway operation 
is extremely undesirable but, as in this case, 
such a procedure will eventually have to be 
resorted to 00 many of the freeway facilities 
now being designed unless careful considera
tion is given to ca.pacit.y aspects of the desigIlS 
employed in the vioinity of ramps. In at 
least one case, it hILS been necessary to pro
hibit the use of a. ramp during peak periods 
to prevent traffic on I.he entire expressway 
from comiug to a standstill. 

The conditions illustrated by figure 48 
represent an expressway with a maximum 
possible capacity of 3,050 vehicles per hour io 
the ODe direction a.nd a ramp with II. maximum 
possible capacity of 2,480 vehicles per hour. 
Neit.her of the~e capacitic:,; could be realized, 
however, except when the traffic volume on 
one of the I:wo was zero. The greatest differ
ence in total capacity betweeu police-officer 
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Figll.rt> 48-1'",.in lion. in. rnn~p capacity ,dt.h volll.ne of traffic on 'In e%pre,,;.,tooy: 
rump 20 feet wide, tl'ith no lIl:celeration arl'(,. 

pel' hOUT, or 0111)" 90 perc('lIt of t.he yolume 
lw"ded to fill the e~pl'e~s\l':tY 1.0 its capacity. 

Exit from ('xpressway 10 ramp 

In addition 1.0 the aetnal lSeollletric feat.ures 
Ileal' I.he point. where t.raffic leave.~ an expre,;.q
way t.o ent.er a ramp, t.he maximum volume 
of t·rl1ffic that. ellll E'liur II- ramp wit.hont 
causing \Insat.i~f8.etory operating condition8 on 
the expres~way is influenced (1) by the t.ot.al 
volume of traffic on t.he expre~~wD-Y, (2) by 
the perccntl1gc of t.hi,.; totl11 volume that 
desires to use the ramp, and (3) hy the per
cC'llt.agc of commercial vehicles. Regardless 
of til'! general lay-ollt" wit.hin reaso·Jlable 
limits, 1,200 to J ,500 \·ehiclcs per hour C-Im 
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.' nlE'r a ramp ill Ol\E' line if all of these "cbid,';> 
anrl no olher vehicle;; arc in the lane adjacellt 
to t.he ramp. Like",j~e, t.wo lines of I raffle 
or 2,400 per hour can ClJif'r a ramp if all .of 
l h(·s.; \"ehicle~ are. in the t wo hilte~ of the 
(,spl'es.~\I"ay a.<Ij'll\ent. t.o the ramp and the 
dri\·er,.; ill the ~econd line can be ~Ilfe (.hat. 
all vehide;; ill the first line arc heuded for the 
ramp. 

A perfect segrp.gatioll of t.he traffic bound 
for a ramp seldom occurs ILhead of the ramp, 
especially when an expresswa.y is loaded to 
capacity or near capacit.y voillme~. Some 
through vehielc~, especially those drivell by 
the slow, calltiou8 drivers or the driyers look
ing for dest.inat.ioll signs, and the commercial 

vehicles, will be in t.he right-hand lane of t.he 
expressway. If a. ramp is on the right, t.hese 
vehicles occupy spaces in t.he lane that could 
othend~e be used by vehicles ent.ering the 
ramp. They a.L~o cross the paths of vehicles 
entering t,he famp from Lhe second lane, there
hy creat.ing a ha.zardous condition whenever 
the trllffic volume entering the ramp exceeds 
1,200 to 1,500 vehides per hour, which 
require t.he Ui;e of two lanes. 

The tendency of some driver~ of t.hrough 
vehicles t.o stay in the right-hand lane where 
other truffic leaves the expressway by a ramp 
on the right i" illustrated by figure 4\1. The 
diRtribut-ion by lanes at the 1o,,' tra.ffic vol
limes differs great.ly from the dist.ribution 
found on Rectiolls where there are no ramps 
(fig. 46). It. al~o differs from the distribution 
D-t the approach t.o a ramp used by t.raffic 
entering an expressway (fig. 47). At the near
capacity volumes, however, the difference {or 
t.he various condit.ions is much Ie.<;g marked, 
there being a tendency ill all ca.ses for traffic 
to be fairly evenly divided between the lanes. 

CONCU.iSIONS 

AIt.hough the dat,a prescnt,ed in t·he fore
going di~cllssion show ramp capacities lor 
only a few ~pecific condit.ions, application of 
the information relative to Ia.ne usage on 
e;l:pre~sways is of as"i~t.ance ill rationalizi ng 
the problems concerlling ramp capacities 
Iludee a wide variety of conditi.ons . 

The following cOllclll~ions briefly :>ummarize 
the more important facts concerning ramp 
capacit.ies: 

1. The capacity of a ramp lTl3Y be limit.ed 
by eithef t.he width and alinement of the ramp, 
or by t.raffic and phy$ical condit.ions at either 
t.erminal. 

2. Wit.h the CUrvo,tllrell and t.raffie coudi
tion~ thaI. are generally present at mmp loca
tions, it ii' Ilsually difficult to obtain better 
thau the equivalent of single-lane operation on 
the ramp. 'With slIch operation, the ramp 
capacit.y normally will not exceed 1,200 pa.~
senger CMS per hour with a pOilsible maximum 
of 1,500 passenger c.o,ri; per hour when vchicles 
can keep moving at iI· ",peed of 15 to 20 miles 
pel' hOllr (minimlull radius about 100 feet). 
Serious cOl\~ideration should he given to the 
provision of addit.iollal ramps whell the traffic 
demand exceeds 1,200 vehicles per hOllr on 
any OIlC ramp, nnless condit.ions required for 
"afe two-lane operation ca.n he satisfied. 
Condition;; t.hat. mils!. be pl'e~cnt to enable a 
ramp to II.ccommodllte I ,200 vehiclc.~ ))cr 
Iwnr are: 

(a) Adeqnat.e ramp \ridth for off-track
ing alld turlling l'eqlliremellt~ of com
mercial vehicles (nol.(: : Thc 1,200 figure 
is for pa;'<$l'llgcr car;; !tlld m\l~t be lo\\'cred 
to comp(' llsate t.he effed of cOlnll)ereial 
vehiclc~ that al t~ pre~cnt. As a mini)nulU, 
cl1ch commcrcinl vehicle with dual tires 
has the effect of t.wo passenger c,)r~). 

(b) Adeq nMe ~\Irface or 8houlder width 
for di~abled vehicles, e~pecially on liP 
l"ampil. 

(c) Adequate sptwd change area -. Of 

e~ceS6 capacity of the roadways connect.ed 
by the ramp. 
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.3. It L~ pO~3ible for It ramp and it .; terlllinal~ 
10 handle t-TII.ffie volumes exceeding 1,200 
vehicles per h01l1' under certo.i n con dit.iolls. 
The following are some of the conditiollS that 
must be ~at isfied: 

(a) Adequate «urfa.cc width and radius 
of curvat.ure (at Icast, iI. 2S-foot. s\lrface 
lind n millimum radiu~ of ahont 200 feet). 

(b) At least. one thro\lgh laue 011 eMh 
highway ent.irely lree of t,raftic other than 
th~t. usins the ramp, and a second lalle Ot, 

each highway sufficiently free of through 
traffic to accommodate t.he ramp volume 
which is in exces.~ of I,ZOO vehiclei' per 
hour (generally the exit and entrance t.o 
tbe ramp must, have design characteristic~ 
~imilar to t.hose at a Y intersection of two 
high\\'ay;;), 

4. In considering the availahility of Rpac<?s 
in tlte t,hrough traffic la.ncs int-o which vehicles 
from the ramp may enter, t,he following (ai'wn; 

s. re i m po rtall t: 
(a.) At traffic ~'olulllt's helow 1,000 

vehicles per lane per hOllr on a mnltilane 
highway, t.here i:s II- ml1rked t.endency for 
traffic approaching an €'lIterillg flllHp to 
shift, awa.y fron) the lane adjoillillg the 
terminal of the ramp, thereby avoidiJJg 
interf .. rellce with vehicles from the ra.mp 
a.nd providing a bett.er op]lortunit.y for 
vehicles t,o cltter the highway. Whell {.he 
volume ill olle direct.ioll Oll the highway 
exceeds 1,000 vehicles per hOll r per lane, 
however, this telldellcy t.o shiit aWRY from 
the lalle adjoining the ramp does not, 
occur, and tra.ffic 1lla.i1ttll.ins approxi
mately the same distribution between t,he 
lanes at the ramp terminal liS on sections 
where t,here are ItO rll>lllps. Thi~ is partic
ularly true at 10caUons Where t,here are 
stOI} ~igllS {or vehicle;; enterillg from t.he 
ramp. Where there are accelerat.ion 
arcas wit,hollt ",top-sign cOIlI,ml for vehi
des frolll t.he ramp, a somewhat higher 
I)ercellt.age of t,he throllgh tmffic will use 
the Isue fn-rt,hest from the ram (J t.hall 
normally u~es t,hi" lalle at, locatiol)~ rc
JllOl/ed from tlte influence of TlI.lllpS. 

(bJ Be():l.lI~e of the tendency of trMl'k 
to distribute it~elf in Ill! lanes of a lIIlllti
I:l.)\e highway durillg heavy traftk "01-
\HUe", thll" al'oidillg a more crowded 
conditioll ill one lalle t.han ill (\.nol.hel" 
lane, wany of the opellillg~ between Ve
hicle~ in the In lie or ]a !leI< th at are IIOt 

adjaccnt, to the ramp termillul are ~hieldec\ 
(l.g:llil\,~t, OCCH))ancy by ~' ehiell:!s entering 
from the ramp, A~ n. practical matter, it 
i~ it'\Jlos~ible t.o fill all the availahle 
openings be/,\\'een carl'. Ott an eX]lrc~swny 
unle$s there nre <,uit-able acceleration 
area~ where merging eall be performer\. 
Hencc the volume of t.raffic that call enter 
from a ramp will .~eldoll\ equal the 
amOllnt by which the capacity of the 
('xpre""way exceeds the vohllne of traffic 
ou the expressway ahead of the faUl». 

S. Where poiutg of 9.cces.~ and egre~;; to and 
from the expre.;;,,;way I1re cl<,lRely spaced. the 
resultillg interel1ange of t,faffie betwcell luncs 
ll\ay C!\\l~e certain lengths of the exprei<StI'ay 
to fall within the categ-ory of weaving section" 
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Figure 49.-Distrib'Ltion of t"'hicles bp/-ween. traffic l(lne.~ on (I four-lane e:"pre,,~1.(.'(Jy at 
(lpproaLOh to ramp tether/' heavy volulIu, lell-vl's t-ke expresswuy to the r;glH (hourly 
traffic L'Olltme on expresswlJ.v inclll-dl'.~ traffic leal'in,g expi'l'sswoy at lhe rOlnp). 

and in that way affect the eap::lCit y of the 
expre-"~way and the mill]>:;. 

n. In $ele("ting the hour of peak traffic move
ment, a. knowle'\ge of the distribut.ioll of 
trl\ffic between the ramp and the expre~~\\·ll.y 
is of utmo~t importance. An hourly pattern 
for traffic u$ing a ramp i~ of little worth with
out a .simila.r patt.ern for the expre,~~\\'ay or 
other through ;;treet.. 

7. For exit, ramps, the uumher of \'ehiel('s 
t.hat C!l.ll enter the ramp i~ affected by t1w 
volume of through traffic \Ising t.he right. lane, 
;\lany Alow-Illoving pa.~~enger ca." nnd 11I0~t 

comllierci:ll vchicll'.~ use this Laue, thereby 

occupying splices ill till' tl'affic stream that 
otherwi~e might be utilized by vehicles desiring 
t.o leave the expresl'way, For mo~t in~t9.lla
tion;;, the volume of t.raffic using an exit Tamp 
co.nuot exceed J ,200 ]>fI;3;;enger C8.r~ If'~s t,he 
numher of through yehicle~ occupying the lane 
adjacent to the ramp_ Proper use of ",igns 
will air! greatly in minimizing the Humber of 
vehicles that. ]\lust be deducteel from the ramp 
capacity for this reason. 

If an exit ramv is to accommodate more 
than 1,200 pas~enger car;; 3n h(l\lr, the con
dit.folls enumerated under item 3 ab()ve must 
he satisfied. 

Exir I:urn-f,.om an. expre.<sway lit a grade separation.. Two line .• of t_rajJic ("(Ht enter 'U rump 
if they ·ai'e in the two fanes of th~ expressUtayadjurerH to the ramp, an.d if the dr,'t>ers 
in the second liftC! C'''l be Sllr" that all JJehicles in Ih"jirst linl'are des/ine(ljor the romp. 
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Part VIII.-Relating Hourly Capacities tij Annual Average Volumes 
and Peak F10ws 

Introduc tion 

Throughout the foregoing discussion of high
wa.y capacities, traffic volumes have been ex
pressed in terms of vehicles per hour. This time 
period was selecwd by t.he C;oOlmii.tee because 
periods of congest.ion or heavy traffic move
ment usually are of relatively short duratioo, 
occupying only a small portion of the day. 
An hour is the shortest period o( time thai 
conforms to current trallic eoun~ing practires 
although It is realized' thai, under certain 
conditions, counls (or even shorter periodls 
might be desirable. 

When trying to apply the houdy capacities 
to the .;olulion of practical problems, t.he 
engineer oHell finds that complete I\nd de
tlliled hourly volume da.ta :ne not a.vailabb [or 
th~ facility under consideratiou. Somel.imes 
the only t.raffic inforlllat.ion at hand ic; the 
a.nnual average 24-hour volume, based either 
on a few count.s ,<>.cheduled t.hroughout the 
year or estimated from count.s made at nearby 
loc:1tion~. In other installces, the only t.rafflc 
volume information availablo may be a. count. 
for 1\ ~illgle day, count~ for a few scattered days 
during t.he year, or, as oftentimes occurs, 
counts for period8 short·er than 24 homs. 
AHhough the cost of obtaining comprehensive 
ira tHe data is relatively inexpensive, in com· 
parison with the cost of any edensive im
provement, it Is oftentimes necessary to 
make use of very meager da.ta. in the solutIon 
of problems involving highway capa.city. In 
such cases, a method for adjusting the avail
able counts 10 obtain the needed hourly 
capacities becomes a matter of paramount 
importance, and a clear understanding of the 
variations which may be expected in the 
traffic load is ne-ccssary. 

Without thi~ knowledge, the applieat.ion of 
tra.ffic-count data to the planning and design 
of new facilities or t.o the proper operat.ion of 
existing facilit.ies call1lot. be completely suc
cessful. It i~ the purpose of this ch.'l.pt~r to 
supply information l'egarding t.he"e questions, 
which are so direct I y related to highway 
capacit.y and nece~S!1ry for the proper use of 
the c:\pacil.y dll ta. 

Relat.ion oj Annu.al Average Volume 
to Capacity 

The most common ruea"ure uscd in report
ing the traffic on a. highway is the annual 
average daily traffic volume. AJthougll such 
a figure is of V3.lu~ for many purposes, such as 
determitling the type of surface t.h3.t. should he 
prOVided and in computing t,he total earniugs 
derived {rom ga.;;;oline ta:-;:cs by travel on the 
highway, it is nOL /I. direct lnefiSure of the 
number of needed traffic lanes or of other 
geometric features of the highway necesSJl.ry 
to serve adequately the driver:> using the 
highway. 
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Proper t/$~ oj Bi~n8 plays (In importont part in pret.'Cntin.g 01': alletiiating congestion. 

Da.ys during which the actual volume cor
responds t.o the average day of the year oc-cur 
much less Creqllel1l1y than is commonly sup
posed. A shldy of 48 select-ed rllral highway 
lociltion~ ill 45 Stat·es shows that the traffic 

. volume repre~ent.il\g the annual average daily 
volume i~ exceeded during 160 days of the 
3()5 days ill a year at. tbe average location. 
At some location;:.. the average daily volume 
was exceeded 011 as few as 70 days a year and 
a t other locat,ions i L wa~ exceeded on 3S many 
as 228 days during 8. year. 

It is therefore evident that facilities plllnned 
to accommodate only the traffic of an average 
day will be de6nitely overtaxed (or a ron
siderable portion of the year. In tact, at the 
average rural location the volume on certain 
days wi'll be more l'han double the annual 
average. The practice of expressing capacities 
of various racilities in terms or average dailly 
trallic without considering the variation in 
traffic Bow and the relation between the 
average daily volumes and the peak .l\ourly 
volumes has contributed in a large measure 
to the misnnd1erstanding and lack of agree
!Jlent regarding fiigh1\'ay capacities. 

Selection. of Required Hou.rly Capaci
ties From Continuous Counts 

Closely related to the fluctuation in traffic 
flow during the various hours of the day, days 
of t.he week, and se8.~on'" of the year, is the 
seleel ion of the specific hourly volume that 
should be used for desi..-:n purposes or as the 
reasonahle volume which nil exist.ing street or 
highwa.y facility shoul.:l be expected to accom
modate. It is for these purposes that. the 
time period of 1 hour a.~sllmes primary 
importAnce. 

H a roadway facility is to be BO designed that 
traffic will be properlly sened, consideration 
m;ust be gFven (0 the brief but frequently 

repeated rush-hour periods. rn l is neither 
wise nor economicall, however. to provide for 
tlhe extreme hourly volumes of trallic that may 
occur but a few ~imes duriJlg a year. Tlhe 
Jaw of diminishing retl1Ins must lbe applied 
to fix the !hlghest hO'urJy vofume wltich 'wiT! 
jlustify the necessary expenditure of funds to 
provide the added capacity. 

When hourly traffic count.s for a full year 
are a\'ailable {or a highway under considera
tion, it is possible t.o show t.he yearly traffic 
pattern by arranging the hOllrly volumes ill 
descending order of tIleir magnit.ude. Such a. 
ta.ble or graph greatly simplifies the problem of 
selecting the minimum hourly capacity 'IIhich 
will adequately serve present traffic for the 
particular highway, or a future traffic demand 
as based on an assumed or ~sl.iruated percent
a.ge increase. 

An example of how yearly /.raffic patl,i:,rn~ 

can be used to select the Ulinimum hourly 
capacity which will adeqllat.ely serve the 
traffic present.ly \Ising t.he highway is presented 
in table 21.. This table shows t.he yearly 
I.raffic pat.t.erns for two rllral highWAY sections 
in t.he same State, both ha.ving an annual 
a\'erage volume of 3,000 "ehicle.~ per day. ' 
Data for Sunday and holiday traffic are 
included ill t.he table bcca.use there is no 
sound ba8is Cor any assumption that t!here Is 
less need to provide ad't>quate capacity for 
peak hours on Sundays and holidays than on 
weekdays, 

Although bot.h roads have the same nmmal 
tl'3.ffic volume, t.he peak hourly traffic volumes 
on road B a.re much higher than those on road 
A becau"e of the greater seasonal and weekly 
fluctua.tion in tra.ffic flow. On rOl\d A, 1 per
cent of thc vehiclc5 lise the road wheu the 
hourly traffic volume is 500 vehicles or more. 
On road R, howe~'('r, more t.ho.n 20 percent. of 
,.he vehicles, or about 200,000 ' per year, are 
tro.veling WhOD the hourly t.raffic volume is 
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Table 21.-Yearly traffic patterns for two rural highul(lY sections on each of whjrh the al'CI'~ 
age annual daily traffic is 3,000 l>ehicles 

Clio pacity of thc laHer roa.d is 1,000 vehicles 
per hour. In both cases the practical capacity 
would he exceeded during about 30 hours of 
t.he year and about. 3 percent of the total 
tr!l.ffic using each road during the year would 
be inconvenienced by congestion during the 
30 hours. 
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500 vehicles or more : and over S percent, or 
IIbont 80,000 per yefir, arc traveling when the 
hourly tC:lffic volullle is 800 or more H,hicle!!. 

Thus, if t.he Pl'lLctics.1 capacit.y of ron-d A is 
only 450 vehicles per hour it. will be no mOl'e 
t~ongN;tcd than will road B if the practical 
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W~gt South CenmJ. __ . _. H 3.I()Ij 177. 6 ) -10. S 17.7 13.9 12. Q 12.3 11.5 
~·lountsio ____ .____________ 3~ l.~-IO 216.1 105. 9 2:.1.7 10. 0 14.u 13.n 12.S 
I'ncit\e .. . . _ •. _._ .••••• _._.I~~ 2.97.\ _ _ m~ __ I 67.~ _~~_ : 10.7 15. 0 14.2 13.1 

TotaL. __ . ____ .. _ __ _ 167 3,370 22>l. ~ . li2.G 24.9 I 17:9-1--16-:-2 ~3 -14:'1 
. I 

, Doe$ not inclu(k four stut i",,, in C .. H(orn i" whore ~T~ffic i, bjgbl ~ sea""'al and not TellrcS('nu(j,e 0( tn(lst J'ou<1< in the 
St:l.l~ . 

The yearly h-o.ffic pat.terns also show that 
rela.th'cly few d.rivers would be benefited by 
roadways of higher practical capacities than 
these, and an increasingly large percentage of 
drivers would be inconvenienced by roa"dways 
with only slightly lower praet.ical capacit.ies. 

Ordinarily the foregoing procedure can be 
ioHo\\'cd in the selection of a practical hourly 
capacity for an estimat.ed future increase in 
traffic by merely changing the hourly traffic 
volullles shown in the first. column of table 21 
by t.he S!l.me percentage fiS the estimll.t·ed in
crease in the annual volume. Hourly voiumes . 
increase in about ,the same ratio AS do Ilverage 
daily voiumes on any roa.d:way . 

Detl'rmi.n.ing Required Hourly Ca
pacity from Antuml 'Volume 

The preceding disCl1ssion find table 21 ilIus
l.ra.te the wide differen~e that wight exist. in 
the peak hourly traffic flows on two highways 
having t.he sallie annual traffic volumes, and 
the resulting difference in hourly capacities of 
two highways necessary to prodde approxi
mately the same traffic service under the two 
condit·ions. 

As an aid in reln-ting the annual traffic 
volumes to the peak hourly flows, the results 
of an Ilnalysis of traffic count data for 
171 stations in 48 St.ates are summllTized in 
table 22 and deULiled in table 23. It is antici
pated that these tables .. \'ill be of value in 
estimating p~k hourly flows on roads within 
t.he area of influence of these st.lltions, or 
where similar conditions exist., when only the 
ltnlllJal traffic volumes Me known. 

Figure 50 shows t.lte a.verage yearly t,raffie 
pattern for these 17l rural highway locat,ions 
and an indication of t.he ra.nge in peak flows 
t.ha.t. occur at different locations. On a road 

'fable 23.-Varintions in traffic j/ou: on main rural highlt'aYs 

R.~ion .on,1 State RfCQl'dcr ~ta
Han No. 

Route 
No. Yoar s tar!.i ng 

I 
'I POI·OOJ)t.<l~e or aVerage ~l·hour vol lime in certain hourly 

2~·hour "olunws volumes during year 

-_. -.,.---- ---- --~---r-------;---

I }>~r""JI!a~~ of u~emgi> I I' 
A \"~"!lge 0\- Mnximum 10th highe.<t 20th hi~hes, ~Oth highest roth bighest 

_ _________________ 1 ______ ~ _ _ 1_o_r~ .. c_o_r_I_}._· ~_"_h_i:_~_!"_IIO~~_I~~~EI ._.·I:'_U" ____ b_o_ur ____ h_o_u_r._.I __ h_o_ur _ _ ! ___ b_our _ _ " 

N&W' E,Ilu"tJ: Fthld .. r'fa ni PercIY'/ Ptfu'nl Pacenl Pawnl Pttunl Ptrunl ro-WB - - . .. 'I ~fnr . 31,1939 6.813 'lS7. i UU 20.7 2b.6 2~.O 23.4 22.0 
ConnccliruL __ 

7-EB: ________ I .. . . Ao _______ 11.811 297. '2 221. 4 2tt i 21.7 l~.f, 18.5 17.5 
~ . . - ~ . -~ - - --

Ur~.~:::::::: I .. __ .do __ .... _ 13.624 292. 5 227.9 25. i 2l.2 J[>.2 18. (. 11.7 
5 .... .do _____ ._ 8.313 155.3 136.8 1<1.3 12.0 11. 5 11.2 10.8 

r-·----- --· .. 
27 Dec. 15.1040 1.3Y; a1G. 2 ~IQ. p 39.8 2R.6 25. 8 2~. 3 no 

~/aine . ...... _________ . ___ ._ 2. ________ . __ .. 1 Ftb. b. 1~38 l. 287 274.1 2!\3. 4 Z2.~ W.8 18. 8 17.9 17.1 
2_ ..... __ ....... I hn. 1,I'.l-iO 1.248 274.3 231. 6 24.0 20.6 19.5 IS.7 17.6 
4. _______ __ _ .... 17 . . . .. do ___ ._._ 436 J~.8 IR.1. ~ 39.4 21.6 IY.5 I~.I 16.7 

Ma~=·husett<_ ---- ---- ---- -: {1~:::::::::: ::: I Apr. :-10, 19~8 7.363 288.2 2-1/,. 9 2~.6 22.2 2(}, j IQ.D 18.2 
10 July 21,1939 6,476 218.7 189.0 18.8 16.8 16 .. 3 15.8 15.0 
8 Jan _ 1.1!® 3.071 205. ~ 160.6 29.3 20.7 17. i 16.3 14./) 

'r--------------
3 M~y 12,1940 6,635 I 26.1.3 198.8 28.5 20.6 lS. 7 17.8 16A 

• . . 1. ..... _ ..... __ 3 Jan. I.I~O 1,410 517.2 277.8 55.2 4.3.0 37 . 5 32.8 27.5 ;-'; C\\ Hsmpshll''' ___ --------- L ____________ • 3 Se))L. 18.1(}3j 1,360 04i.6 279.9 60.4 4.5. ~ 38.7 

I 

34. [ 28.9 
3 ......... _ ... . , IO~ Oct. 22, 1 DJ(1 635 298. I m . 1 34.7 25.4 23 . 7 22.8 20. 2 

r-------------
' 1i6 J3l:l. 1, 1940 -l609 197. 2 1611. 9 , 26.3 21.3 19. G 18.5 111.6 

Rbod~ Isln.nd _______ .. _____ . 2 .............. I .. _ .. do __ .. _ .. 2.155 i52. II 2f,J. g 57.2 .1.6 37. I 3-1.0 30.0 2. ____________ _ 1 June i,1(/38 1.931 «,(,.8 238. 0 liS. 3 43 . 8 37. 9 3-1.2 31.4 
3 ..... _ ..... _. j 1102 hn. 1.I!l4O 330 240. 9 215.2 62. 7 27. 6 r 26. ] , 24.8 2'1.7 

Sit foo( ·nol.tI at tfld aflaWt, p. trl. 
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Table 2.3.-J-'tLriutions in tr"ffic flow O'l m(lin rttrol highwflY$-Colltinueti 

2<C-holll' ~o lllln('s Pl'l'()("ntng~ o( ti.\'(>nt~t~ 24~hour volume In cC'l'tojn hlmr)y 
,·oJumos during your 

I 
HC~~~~::I~~t;). i ~~~t~ . Year stQrlin~ P('rc':F)'n:'~~~ 1 UV~t"g(' 10lh highcSI2Iltli IHchC<t l3llth h\ghC"i ''>Olh 11I~ htsl 

I I .~1JC' r ~\1Z(' __________ M:\\IIUUUl hour hour I hour hour 

I 
I I lur r,m I bom ' I I 
I 

:I.la,imutn .10'1, hi~hl'SI. 

_____________ -'_ _ __ 24 "o"r~ I_'~~~ __ .. _ . , _____ j 

N£u- 1':-"'(i\..\ XI)-("OOI inut,l I 1 \ 'rh1ll(..tj p(.rt/'uf J-'erCYII/ ! 'auut 
,( .\ -11-2 ' . ..... ~ . Jon. I . 19~~ I. AA~ 2;.'\.3 : 1~. 1 1 :t~. I 

----_ .. - ---_ .. 
Pt.T(,I'}} 1 Par.rJ" PUN'" 

i 
Prrr:t.nl 

H. S i 16.9 

\«1110111 ... ....... " ... , ... ,., C-14-2" ... ., . , H J,,,l. 1.11H1 I I~ !, 2;[ I 1(1.: 8 :{~ I . 
' . / .\ - 12-2 ..... ,. 2i "0\'. 2:>.1!J.1o 1.1;1., 27fi5i ?!~(; :l1.~ 

I
ll-C.-I. ........ 7 ~f "r. 2. 19ll 1 :152 . ior. 0 I 2)10 I f.9 91 

l\·fU>tH. E .-\ 1 1..\':'\T IC: . ',. , .. , . .', l!;>; fl .......... ~~ I Jail . 1.19'11 1 :IZ.1i!" ::!.-,',:~. I:~.f·l IU 
'''l.\\ .I.,,,,,) (E.,,,," C'ow11~ .. 'l sn ....... 2" .. clo .. ' .In. \ .. 11 14:'.6 ' I.I •. ~ 13.3 

~R nnd sn.. ~~ i ,h - II~. :;;~ I :~I; C. I~ . Z I 
)"11 ... _.. . ... 3 .• 1 .Il<>. 13 . • J. 257.9 11 ·, . . 1 I 26., 

"t'\\'J"I'",-Y(Edi>:lt1nrjd~( " " 18-1l __ .. :15' ,\~ Il.f.'H, '1:i(I.~ ~\"'~ I :JlI.i' 
I " B ,,,,,I SIJ.. a,. 1----'1<>- 2S.~81 ' '.11\4_:1 211.6 21. 0 
) '\ B _........ . ab ___ do _____ 11.~; 2~9, ~ ISI.4 30. 1 

:o; •. \\' .1.">iOr (\\'oodbt'itlt1;<i __ ISB .. -----..... :15 ____ ,1o __ ,,_ 1ft. 76ti ~~'. ~ 2SU 1U 
"B "lfl SB.. :ib tlll_ _____ 2'~.O;.2 « ... , 211 . 5 26.8 

1
~'6 _ -- - .. ---- l'i I .. '". 25, T!M<l 7 . .'j9~ 1~1. 7 ~."I. 1 I 21. I 

'\, " k 2-1. ----.... : " Jon. 1.)910 t7~ 1.')<'.1 138. i I 1-'.4 
- • '" or - ------- .. ...... .. 'T-I _.. .... . '5 I !l~' ... 11. lY3l< I. 4~ TV 2 '111..' ~7. 2 

1

''T-3 ........ .. :13

1 

hn. 1,1939 1.843 1;';.1 IM . • I 20, 7 

{

L _______ .... ?O .I:",. I.I'H! f •.. I1~ ZY1.1 '112.7 :13. 9 

Pcnng)'lmi:t. --- .......... :7:_:_ ::::: :: ,r~ ;;'~,~" ~U~1; t ~~~ :n~u ~7: ~ ~: ~ 
1 ~ .. __ . ____ .... 'i' July 2-1.1937 I.?~I 261.~ ~>O3.7 27. S 

SO!-T." A l"LAXTIC <~ ouh p .) r~ i ll 
Ilbn): '1 

{

C - I'D ___ ... I:l .June ~. W41 1.371 ~44 . ~ ~J5.~ 

Pelall'are c-sn .. -.... I I,j ... _d ll . :;,~IO ~7.:; ~1()~.1 1 
---- .. ---- ........ C'-Comh_..... I:l __ flo . __ _ 1\.741 n4. 2 106. 5 i 

E . __________ . 13 lchy 1.1941 ~,4'){) 2111.3 15x . • ! 

p2 _____ .-----.. 40 .Jan . 2? 1~38 7. ~50 127, 0 1;1.1 1 
:-.hr~·bnu __ . _____ .. .. ........ )11. ... _____ ... I J:\Il. 1.194il .j. ~51 715..' 171 . ~ 

'l .. ___ ... ___ .. to AliT. 3, 1~.17 :to "'lI1 12~.!\ 190.3 .. . . {! . ___ .. .. .... I .Iun,,:M. )!YJ7 O. ro!;~ 2Ifi.:1 174. ~ . \'\')0"''''. ___ . ______ __ .. . __ . 12.1.--- .. ...... 11 )Of.y 5. EHO 2. !'Xl 211.1 1<i:1.7 I 
1.-1 .. __ . ___ .... ,sR .1,,,,. 31. 1fl:19 2. !·'O 151.:' I~? 7 i 

W \,. ., 1)1 .. -· -.-. ---.. . r~1 1 1l OO . .q. IO~\I I , :'M 17(1.!, :~: : ~ I 
~,( lTf:tnl"--_ .. -- .. · .... lL:::: :::::::: .,'~ ~~;; I' t :~1~ ::ill ~~~:; 171'.3 1 

SO"TlI A Tl.\~TU' (Sout~: 1)Or
lion) : 

florid, .. -- --- -- ----- . -- . -- {i:::.::::::::· 
1. ... --

90 i .1:\0. I. HI~I 
~u I ~f:I)' 1.1. 1~.1; 
~I I J.m . I. 1~3S 
~)O ~I')v . 27. T937 
~9 .1110 . 1. I~~I 
41 J:ln. 1. 1939 

~ !. ~ :: . ~~ .~:: ::: 
I; c'or~ia_ . -- .. --- -- ... .. . .. It:: :::~ : :::::: 
~(>rth Carolin., ----- ....... 1t::-::::: --- I~ '. rol •. 1,\. 19J~ 

I.~~ II hn . I. I~'I 
29 '-oli . 20. 193. 
I~ '.I;.n. 1. 1!11O 
16 J)f(~. 4,I!t37 

I~ .. ·--· -.---.-
--- ..... ).; .... ----------

E A~T i'\ORTH CE~TfL\L : -.'.--- .••••• -- -

I J ..... -- -- -- -- ~)~ S"IH .. 27. IQJG 

lIlinl)i. -------.------ W:: ::::::::::: :;,;; {.~~ i;: :~~~ 
[
H • ____ ... 20 . . ~ \l~ . 28. 19:17 
3H .... __ .... . 3<) I Drr. 21.1010 "'--li .• n" ____________ . ___ _ ... ·lSH .. - .. -- -fII hn. 11i,1~3~ 
tzA ___ __ __ ;.~ .lui), 3.193; 
72.\ .. _ __ 31 hn . Iii. 193~ 

Jni6 ______ 'lj' 0(':(. 2.1~3j 

~{i~hi<,,\1\. ___________ . ___ .. . l~~~ .. ___ .::::: ~~ I ~~~: :::~~ 

Ohio __ .. ,_. ____ .--.---.-- Id~I ·::·:: :::: __ 1 ~~ f~!: : g: :~~ 
1.8 ... __ _ ____ 7~ : JUJJ~ 2,\,193!) 
2 ~nu 3 _ ..... , 41 I Jan . 8, 11138 

1

2-\\'n -----I ~I I ..... (\0 ....... . 
a-En _ ____ 41 .' ... .. do . . . . 
J,EII 41 I .Inn . I. Ig~; 

1 13 ... ----------1 41 .- O~I . 1.1f139 

'1 It: :::::::: :. ,:~ I~ '~~~\I() 1.1U~" 
~ .... _ .... ___ • \I . . • 1<> .. 

, 15 . .... ----- ~.~ . .In... fi. lnJ I 
' \() .... .. .-.- 11) I hit '). I~:II 
; 11) __ .... .. _. ___ 1 : 1:1 I .1 .111 . I. IH~O : 
: ·~O'I .. _' _'.'#._;! P&~ .do 

Ij';fI1 ...... _ ... _1 ,\,I.Tan. 1.1938 
Ill\\,;\ ..... ___ ___ ____ ____ '101 .. _______ M i f), ,'( .. 19, Inc. 

I !~,61r. " " ---; '\91 hn. I. 1911 

KunStls .. _ . _. ____ . _____ --i, JI~:.: .. :: :.:.:.:.-.:.:.:.: ; r.dJ f~~: :~: :~~ 
" ~4 I .I nn . 1.)911.1 

ilIS7 ..... ______ : ?l~' ' ·!:lr . ~O. 193. 
____ . _______ ' )!(tl ...... _. ___ . In i ~'·n1.. 11.1?37 

1 175 ...... _ .... ! ,;, • July 3. 1\137 . 
I{~ ............ .. , I~'i i Jan . 23,IY:IU i 

~1i ".~,,'lTl. __ -------.",,-- . .- 12 .. __ .. __ . ----I '-,9: Jao, 1.1930 i 

:::,~:':,.'" ilr~~! n~ 11~ i 
:{H14A .... __ ._._. 7i Ja~ . !. t91~ I 

SOlllll Iluhl:t _ . _________ : 11\~ ..... ----- -- ~ H \L\y 10,19.1 , j 

)0',- ..... ____ ... I~ Dc''' . 31, Ina'" , 

\\" i:-)('IHL::iu ___ _ 

\\" £~T i'! o1l'r" CE~TJtAI .: 

Sf( fOlJI'II{)l(,~ (lJ eTul Of 1ft bIt' r p. ~i I. 

3.1\i~ 
3.31\.1 
I.II<\~ 
;~, 

~. 30. 
:1.nS 

f\a:l 
-4 . '1911 
~ • .>;ll 
l.H' 
3. 9~6 
a. ?f\R 
1, 583 

'.05. 
03.93; 
~. 210 
3.49(\ 
3. I ! '~ 
3. 12!i 
3,ili! 
2. '!il3 
3, I~I 
l. ~~ 
1,2<)0 
:l. ~28 
~.61~ 
1.0.S~ 
~. 674 
1,81 7 
'1. S57 
1, 921 
4. ~7~ 
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2. 19!! 
2, O~~ 
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1.11" 
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3.5:19 
~, 29(1 
I. 417 
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~. ~,5 
:l. '::~I 

~;'1 
.-;, ~'10 
3, JO' 
I. 7 1)S 
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300.9 
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NUMBER OF HOURS IN ONE YEAR WITH TRAFFIC VOLUME 
GREATER THAN THAT SHOWN 

Figure SfJ.-Re/at.;on bet~l'n peak hourly flows and (lnnllal ut:erage daily traffic on. rural 
lijghtrays. 

wir.h t.he average fluctuation in 1,raffic tlow, 
the peak honrly volllme i~ aboul, 25 pereent 
of I,he annual avcrn.ge dailr volume. At 15 
p~rcent of the locations, however, the peak 
hourly volume duriug 1 year eXl'eeded 32 per
cent of r.he average daily volllme, whel'ea~ at 
another 15 percent of t,he loc8t.ion~ the peak 
hourly volume Wai> le:>s t,han 16 percent, of 
the averA.ge dajly volume. A t, all locat iOll~. 
tbere are relat.ively Jew hOl1r$ during Lhe ~'ear 
when the t,raffie volume greatly exceeds the 
volume t.haL occurs frequently or (or 0. large 
number oi hours ea.ch ~'iellr. This would bc 
more evident, were the curves in figure 50 
I'xt.ended to include the 8,760 hours of II filII 
,,4>llr, in whieh cll-~e they would reach or 
Itpproach t.he zero ba~e line at a diM:l.JIce to 
I.he right equlyalent, j,o a.bout 51 t.illle.s t,he 
width of the chn.rt. 

TM.rtieth Highest Hour a Practical 
Criterion oj ,Veeded Capacity 

The relat.ion hetween f.)\(' peak houri); flo 11'6 

and t.he annual average daily traffic on ruraL 
high ways, as shown by figure 50, serves as a 
guide when seleeLiug a reasonable hourly \'oJ~ 

ume for the design of a highway . Looking 
first at the curve showing the traffic tluchlll-

272 

t.ion (Ill the a.vera.ge rural I'oad, it will be ~een 
that t.he (leak hour of the year will require a 
ro:ull\'ay ha"ing over twice t.he capacity t.hat 
would be lIN'essary if some degree of conges
tion eould be t.olerat.ed during 130 hours of t.he 
)·ear. To iIIu;;t.rate, consider !1 proposed high
t\'ay foJ' \,'hieh an a,nnuill average daily volume 
of 4,200 ,'chides is antkipated. To provide 
for t.he highest hourly volume during the year 
\\'ould require a capacity equal to 25 percent 
of 4,200, or 1,050 vehicles per hour. A facility 
capable of accommodating the t.raffic during 
all except t.he 130 highest hours of the year 
would require a ct\pacil.y of only about 500 
vehicles rer hour . . 

During t.he highest 130 hours of t.he .I'eal·, 
however, a "ery large nlunber of drivers would 
be inconvenienced by congestion if the prac
tical ca.pacit.y were only 500 vehkles per hour. 
By planning 'for the voluDie during the 120th 
highest hour instead of the 130th, the change 
in the required de8ign would be inconsequen
tial ue('ause the difference in the two hourly 
volumes is negligible . COl\tinuing wit.h thi~ 

procedure, it will be (oundl that a.t about Ihe 
thirtieth highest hour, the slope o( the cune 
changes tapidly, and! it ,is at this point that the 
ratio of benefit to expenditure is nMr tlte maxi
mum. 

Providing ror an hourly traffic volume that is 
not exceeded at I'east 30 times a year will 
show an extremely small return in terms of 
driver benefit, whereas llittle will usually be 
saved in , the construction cost and a great 
deall lost in driver bene,fit if provision is not 
made ror lhe fiftieth high.est hourh tra1fie 
volume of the year. [t is for this reason Ihat 
a design which wm ac,commodate the fiftieth 
highest hourly traffic volume or the year c,an 
usually be justified, whereas a design to 
accommodate a traffic volume greater than 
that occurring during the tbirHeth 'highest 
hour is generally not warranted. 

Since this aoalY51s is based 'on the average 
fluctuation in traffic volume for many high·, 
ways, the results are not necessarily applica
ble to every IloC8tlon. However, by following 
a similar approach for t'he locations with high 
and low flucluali'ons in t'raffle /low, as repre
sented b)' t.he up,per andl lower curves of 
tlgure 50, it can 'be s-hown that for these cases, 
and hence for most cases" the thirtietih 
highest hourb volume (or the year is generally 
a reliable criteri,on or Ihe neededl capacity for 
which it is most practical to design. This 
criterion was reeent-ly adop1ed by the Ameri
ran Associa.tion of S·t.al,e Highway Officials as 
0. design policy for t.he National System of 
.J nterst.a te H igh \\'a~'s . 

Thc strict. adherence to the applico.tion of 
this crit~rion. however, will not, illway~ result 
in t,he best, engineering practke. There are 
numerous specific locatioll f; where a design to 
accollllllodat.e some hourly volume other than 
1he thirtieth ' highest oi t.he year would be 
proper. For this rcason, and bec!1use ade
quM,e traffic counts on whi eh to ba~e the 
de~ign of a project are relatively inexpensive 
cOlnpa.red with the cost. of COllstruction, the 
results of 8 continuous hourly traffic count 
(or a Cull year should he available (or loca~ 
tions at or near each place where a major 
eonstl"Uclion or reconstruction project Is 
contem.plated. 

By cOll~idering t.he shape of .the yearly 
t ·raffi,~ pat,tern-the ('nrv€' fonnd by arranging 
all the honrly volume., of one year ill descend
ing order of their magnitude-the 1lI0.~t 

feasible honrly volume th.at ~hould be used 
for design purpose~ can be determined, 

III corlllcc LioIl \\'it.h the seJecUoll of the 
de;;i.f;!;I1 ,' olume, fut.ure increase;; in the traffic 
volume due 1.0 the normal illcrea.~e in tnwel 
and induced traffic due to the improvement 
of a radlit,.\' must be cOllt<ide red, t.ogether with 
t.he ci>t.il1lat,ed life of the contemplated COll

stmctiOll alld t.1~e t.raffic capacities of the 
\'arious po~sible designs. If, for example, the 
t.hirtieth highe~ t hourly volume in 20 years 
would require a four-lane highws.y. whereas 
the fiftieth highest volume would only require 
a two-lane highway . it ""ould be most practics.1 
to provide the two-lane highway ll~ing the 
fiftiel,h highest hourly vol lime for de.>-ign pur. 
poses, If, however, a. fOllr-lane highway 
would be ne~ded within '10 ~·es.r::; , it may still 
be most feasible to COIJstruci only a two-lane 
road at t.he present time and make the nece~
sary provb<ion so that t.he t.wo additioJlallanes 
can he const.ructed for II reasoollble cost at 
some futurc date. In thi" cage, the Illinement 
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The consistency of the thirtieth highest bour 
as a part of the yearly traffic pattern is sho\Vn 
by figure 52. Data for two different years at 
24 rural highway locations were summarized, 
with t.he thirtieth highest hour expressed as !l. 

percentage of the Ilnuual average 24-hour 
tro.ffic volume. From this illust.TaUon it is 
immediately e~ident that the many fadors 
which operate to influence traffic at a particu. 
lar loeation do not materially change the 
thirtieth highest hour percentage. For CX&.Dl

pIe, locatiOl)s 1 aud 2 matutain their unusually 
lJigh percentages despite t.he passage of 2 and 
3 'ye3.rs, respectively, At location number 10 
wit.h a 39-pcTt'entiucrease in annual traffic over 
a 4-year period, the traffic \'olume in the 
thirtieth highest hour, expressed as a percent
a.ge oC average daily traffic, changed from 16.0 
to l6.2 perceut. The c.omparison is just a8 

favorable for lightly as (or heavily traveled 
roads, as will he seen by noUng the relative 
heights of t.he two hars for location Sand thoRe 
for locat.iou 20. III a few cases, a.verage daily 
1n~ffic volumes have dropped, as at locations 
6, l2, and 16, but tbis has not resulted ill any 
very marked change in the percentages 
representai.ive of t.he thirtieth highest hours. 
For all 23 lo(~atious combined, t.here is au 
a.verage differeuce of 1.1 percent between the 
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Figure Sl.-Dis!ribUliofl. oj locations by percentQge of average daily traffic during thirtieth 
highest hOllr of the year. . 

used migl1 t be slIch thltt the two-lane road 
v,'ollld ll.(\cCjllatcly Herve traffic {or a period of 
10 ye!ir~ if in relatively tlat terrain, whereas, 
if the rO:1d wa.s 10c3.ted iii rough terrain it 
might be more economical to build the two
lane road to the same alillement. a~ a four-Ianc 
road (spending no fl\nds 1,0 provide passing 
sight disl.ances) even though the (our-lane 
constructiou might t.hen be required in less 
than 10 yeftrs. 

RellHion of Thirtieth Highest Hour 
to Anrllwl Average Daily Traffic 

The range in the relation b~,tween the 
thirtieth highest hourly volume a.nd the 
Mmual In'orage daily volume at ruralloco.tions 
is shown by figure 51. At Ilearly hali of t.he 
locations, the thirtieth highest hour was be
tween 12 and 16 percent oC the ADnual 24-hour 
average. In vie9,' of the cmphasi~ 9,'hich has 
previously been plJleed on 10 percent as a 
peo.k-hour percentl).ge, it is interesting to nott! 
that the thirtieth highest hOllr was under 10 
percellt at less t.ha.n 2 percent of the locat.iolls 
and over )0 per<'cnt at 98 percent of the loca
tions. Although it is true thl).t on any sillgle 
day the UUl:I:imUlll hourly volume is likely to 
be close (,0 10 percent of the traffic 011 t.hat day, 
the use of a lO-percent value {or design pur
poses is sound on.ly where there is an excep
tionally l'ow seasonal and day-to-day variation 
In traffie fl'ow. 

Only at relatively few locations i:;; thc 
thil'ti('l,h highest hourly volume an e~cep

tionally high percont.age of the aUllual average 
daily volume, as .~hown in figure 51 by the 
arcas ou the right which are above 20 percellt. 
It olight appear that t,he.~e percentages arc 
too high (or use as design criteria and ths.t 
they nre probably too exceptiollal to be 
repeated year by year at tho same locations. 
This is 1)0(, the case, however, because the 
results of a study of the yea.rly patterns for 
different years at a number of locations 

PU8UC ROADS. Vo!, ~. No. U 

(tll,ble 24) show !.hat tlie thirtieth nighest 
hourly volume on 11 percentage basis changes 
very little from year to year, 
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Figure S2.-Compa.ri1fon of thirtieth hi.ghe!<t rnmrly volumes for two different years at ident.iallocation.s. 

thirtieth highest hour pe.rcel,\ u.ges for dilfereut 
years at the game loca.tion. 

'fhe fad that there is t his in variability in 
the thirtieth highest hour at a given location 
adds greatly to its worlh SiS a design criterion, 
sin'ce with a gIven ahnual average daily vol
ume for some future year obtained through 
forecasts, it is at once possible to, comp.ute 
with considerabl'e confidence the traffic load 
on the facility during the thirtieth highest hour 
of that future year. For example, if conditions 
illdicat.e that tl- 20-pereent ri~e in the o.unllal 
avcrage \llny be expected in 10 ~' ea.rs, a. similar 
20-percent. illcreu~(' should be expected in tbe 
thirl.iet.h bighe.~ t. hOllr; t.h"t is, if t.he fa.cility i! 
able to lla,ndl" that mllch t.raffic. If it is not., 
severe congest ion i.-< !lpt to ri'~\I\t. and traffic 
will either ""f' o(.h<~r ]"0\1(,';; 0)' the (!riv€r~ will 
be subject. to long del3~·s. 

If the facility is already partially congested 
during 30 hours Df 11 year, 8 20-percent 
innease in total traffic will W,orscn the con. 
gestion far more than Uti's proportionate 
amount. A 20-}>C'rccnl; gain ill alllH\al aV('T
!lge daily trMnc will incrt'3.._e t 1)(' lllJmhcr of 
bOllI'S of ('.ongc,U,)n from 30 to approximatel.,· 
100 houn, a gain of 333 p('Tccnt. Further
Inore, t.he lwerage I'ongestion during t.be 100 
hO\lr.~ will be milch llIore than durillg t.he 30 
hOIlI'~ of Hit' previolls year. Thu,,: at· an ll. \'C'T
ftgc 10ca tio11, if the average daily vol\\llI€ b 
1 ~l,liOO Ychicles the thirt.ieth highest. hour i ~ 

3,000 \'ehicles per hour. Should traffic in· 
erl'Me 20 percent during t.he next 10 ycars, or 
t.o 23,520 \'ehicles pcr<l3Y, the thirtieth highe~ t 
hl)ur during that ~·ea.r will be highcr in direc t. 
proportion---.. ~pecific:lll.\' I 3,600 vehicles per 
hour-if, :t~ prel·iousl.,' stat.ed, the facility i~ 

capable of handling this larger volume, A 
volume of 3,000 "chicles per hour "'ill then be 
12.5 percent of the aversge dail .I' traffic which, 
as mo.)' be BeeD from figure 50, i*, exceeded 
during abollt. lOt) hours of t.be year. 
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Table 25.-Vuriations in rrufficJlow on nwjor urbnnJacilitic3 during 1 year 

C it y {u"llo"atioll Typ' ' of 
l~tilily 

2-1-hour volume I'crc~ntage or ~"p,1age 2~·hour volume in 
certain hourly ,"olum,'s during year 

p(.~('t· "tage 01 1 
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.~ VCf3~' I ;;;u~ hig1 t tlh eth eth 
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for yt~r Ma Xi' ! Tenth bour h Ie.' hi~h- bidl' high. 
mum 24 bjghcst Our PSt bour est hour p.st hour 1 
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Peak-Hout" 1'ratfic in Urban Areas 

Though most of the roregoing has dealt 
with the conditions on rurlJ.! highways, more 
and more iads similar to t.hose presented in 
table 25 !Ire becolLing availahle for urban 
(t\cilities. More comprehensive counts are 
needed, however, before &.nything like &. com
plete presentation or the relatiol\8hips between 
peak and aver!lge-hour vol II Illes can be made 
for cit.y couditions. The data in table 25 do 
show, nevertheless, that peak hours on the 
average eity fa.dli!.\' are a somewhat lower 
percentage of the (tuBual a.verage 24-hoUf 
traffic vol UTIle than is the ('Me ior rllral h igh
ways. It shou~d he noted that t.here are 
numerous exceptions ill the ta.ble to this 
generalizQtion, principally Oil those sl,reets or 
highways that serve suburban or outlying 
areas. While there are in»uffident data 
presen tly a va[]able to permit full explanation 
of this difference between the thirtieth pea.k 
hour relationship in downtown and rural 
areas, a fact which ma.y well be cOII$idered iti 
that many downtown facilities are severely 
congested during hundreds of h()urs of the 
year. It is on t.his type of facil ity that 
traffic counters are generally installed. Peak
hour , volumes that otherwise might be re
corded several times during the yellr are im
possible of attainment beclluse the facility is 
incapable of accommodating trllftlc in excess 
of the load imposed upon it a.lmost every day 
during the hours oC heaviest demand. The 
exceptionally heavy peak load, therefore, 
must be distribukd over a\t.emate routes 
that 3re usuaUy more circuitous and less 
desirable in some "ther respects than t.he 
arterial, were it not congested. 

If proposed urban improvements are to 
provide satisractory service, the [percentage 0'( 

the average daily traffic used for the design 
,pea'k hour should be llScertained by a study 
of facilities t,hat ate capabl,e of absorhi,ng some 
overload during ,all hours of the year . Arterial 
street!> of this kind are very rare, indeed, 
UJJder present~day conditions. Until such time 
as more comprehensive data become avail
able, a percentage for trallic moving in the 
thirtieth highest hour a;pproxi,mating or only 
slightly lower tban !he percentage ()bservcd 
in rural, areas Js recommended for the design 
or urban facUities. 

Effect oj Directional Di .. Hribution oj 
Traifk 

From t,he di"Clls~ion~ ill p!lrt.~ III and n' it 
will be recalled I,hat t.he capacities of 1.';\'0- and 
three-lane roads must be in term~ of tot,al 
traffic. The one-direction capo.city of these 
facilities i~ dependellt upon the lHllHber 01 
vehicles o.pproaching frOll} the op)Jo!\it,e 
direction, and the hour of the day when the 
two-direct.ional movement. is at, a Illaximun, 
const.itlltl)~ the period of greate~t conge~t.ion. 
Hence the foregoing discussion relating t.o the 
percentage of t.he a\·era.ge daily traffic in the 
thirtieth highest hour hM t.aken ace 011 III, olily 
of the total t.raffic lllOving in both directions. 
On all multilane facilitie.~, however, and on 
two- aud three-lane roads where improvement. 

'PU.UC ItOADS • v~_ 25, No. 1t1 

Traffic circles lake n!.an.y jornl-lJ: Shown ,here are tangent and cin,u/.ar 
sections Jor tveadng. rJ"hcn traffic circles lire no longf>r ab1f> t ,{) aecont
m .oda!e their trnffi.·c loads the ilccessnry remedial rrle<ls'Ures, sHch as un 
added ot,erfWISS (abOl'(') or tunllel (bp10· ..... ), rnay cost several m.illion 
dollars. 

to the multilane type is cont.cmplated, 
consideration of t.he d irectiolHil t.raffic load lUay 
be of superior importance. For examJ)le, each 
lane of a fOllr-laue divided facility mo.y be 
capablc of handling 1,500 vehicles per hour, 
Il. nomillal tot.al of 6,000 \'ehicles per hour. 
However, peak-hour traffic ftOWg are not. evenly 
balanced by dircct.ion except in vlery rare 
instsnccs. A frequent condition on rural 
highways, for example, is a peak flow of two
t.hird!; in one direction and one-third in the 
other direct.ion. Consequently, t.he facility 
in question would carry only a total of 4,500 
vehicles when the capacity of the heavy 

direction is cOll)plet,ely absorbed. Obviollsly, 
more thAn fOllr laues would be needed to 
J1.ccommodat.e 8. total flow of 6,000 vehiolcs 
per hour Ilnder these ciJ'cuTIlsl ,ance~. 

As an aid when considering the variatioll~ in 
t rafflc flow by direction on III ul Wane road
ways, tables 26 and 27 show t,he percentage 
that the thirHeth highest, hour volume is . of 
the annual average 24-hour t,raffie volume in 
one and in both directions for a number of 
rural and urban facilit.ies. Of more signifi
callce t.han the act.llal percent.ages for the 
few rllral and urban facilities included in theRe 
tables is the relation between the one-direction 
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']fable 26.-COmpluison of Nlriat;.ons in total t,.affic jlow wilh t,arilltions in one di,.ection oj trat,el 

I 

\ 
N-Ile>ur ~I)Jume . P~r""nL~~e of Bver~~e :!4·bour "olum~ in ('('rtain 

hourl~' V01Unle3 durin~ year 

R d r I Per"'nta~~ of aver· - ---. , I 1 
Ct~;, ~o~ta. ~~~:~" ; ,. ear stNlinJr ~ age in- . ! 1'\\'on.. . . 

I A \·e.,,~e .1-----.-- -- M3'" TC-Il~h ticth Th.'rt '.Hh Fl1tJ, :th 
Stnt·" 

I 
. Maxim 11m T~nth hOllr bour )io~; hour hour 

. ' . high",! 

. for "'~r I mum I hl~hust hl~h ·<1 hIgh, ,t htrhcst 

BOTH D1REcTJ()~3 COHfHXl!:D~ ------1- - -------i · ;~hide .• i 2:::~'_ -2;t:::,:~ ~~ruIlIJ J'mt~~ - ;::;;::, Pt~:; ' -,, __ ,::: 
"ewJerseyIEsSI'ICounty) ...... ... ... . "n:U\rI~n ... 2~ .Tall, 1.1941 , (,2. UoI) It1.6 131.6 11.2 9,tl 9.3 9 .. 1 S.8 
~"\\' Jersey (Rdisoll Rri"~e) ........... . Nfl and SR. .. ]~ 1 ... ... dO·······12$.~~1 I 28-/, ·3 2-1Lfi 2t.1\ 11~ .. (1) 17.3 16.2 15.4 
).J,,,·Jer."'~· (Woodbri,t~.) .............. ).'8 and SB. .. .15 ..... <to ....... 22.M2 229,2 211..5 26.S 0 17.0 15.9 13.6 
Conn~ctfcut. ... ...... ...... ............ 6 ,nd ..... ... . I '.lar. :) 1. 1939 I~. 1)2-/' 292. ~ 227.9 2.\. i 21. 2 10.2 IS, 6 17. ; 
Il~laware ............. ... .............. . C .. . ....... _.. 11 June 1I.19tl ~.7~1 2.14.2 2011.5 :/:1.8 20.·1 20,0 19. 1 16.U 
WiSCOt\8ill .. . ............ .. .. . .......... 2 alld J...... .. 1 H Jan. $.19:>8 5.6H aM. Y 2'2i1.2 29. I 22.2 18,9 IR. I 16. :j 

OX! I)!RUTW", 
~Cl\' Jersey (E~" , County) ............ SB ........... . 25 

35 
~5 

, 1 

Jan. 1. 19t1 ~O.I50 
11.IiM 
10.766 
n.813 

1.~9. ~ 
.j3Jj.3 
4S11. 0 
'/J'.7. 7 
344 . \I 
~05 . 6 

13 • . 8 
310. a 
255.3 
2-!1,3 
2.1.1. ~ 
24.1.8 

;-';cw Jer".;y (Edison Bridl!'e). . • . ...... SR ..... .. .... . ..... flo •• ___ .. 
)..'~w J ersey (Woo,lbri<lge) ..... __ ....... sa .. ...... . . . . 

~~~Fs~~~'::: :: : :~: : :::: ::::::::::: ::: /' ~~t:: ::::: 
.. ... do .. ..... 

, l: S numb(,red rout()S. Othor5 nre Slate Toutes. 
1 Mcrri[t Parkwuy. 

and two-direction percen tages. 1 t will be 
seen that there are but. few CllSes where the 
percentage of the average daily traffic moving 
ill one direction during the tllirtieth highest 
hour of the year is not SUbstantially higher 
than the percentage for both directions. One 
reason for this, of cour~e, i" that t.he peak 
volumcs in one direction do not always occur 
at the SRIHe t.ime liS the peJl.k t.otal volume". 
The latter are more :lpt to occur on lJlultihme 
facilities when t,here is B. fairly high traffic 
mo\"cment, in hoth directions. 

As a practical matter, it is much more likely 
that. lohe engineer would have information 
only on t.ot.al traffic movement, especially for 
two- or t.hree-lo.ne roads. To illustrate t,he 
manner in which the ill formation frolll tsble 
27 might he employed, let it. be assumed that 
t.he present annual 3,verJl.ge daily t,raffic on 11 

two-lane rural road is 4,800 vehicles per day 

Table 27.-Thi,.tieth highest hour troffic 
1-'Oli,.me during the year liS a percentage 
of the anriUal (we,.age 24-hOIl.r traffic 
"Qlu.me in Q/1·e and in bot.h directions on 
multilane rlLra,j a,nd uroon highu'dys (lnd 
st,.eet~ 

Lorolioll 

P"r~ntR~o 01 
r.nnu.al aVerK~l' 
doily t",mC In 
thirli~th hi~h · 

e$t hOllr 01 yN.r 

Roth I ODf 
rlin.'c- din.'c· 

1 _________________________ I __ !i_On_s_i~ 

TIt ·R AI. FA{'IL1fIE~ : 
Cowweticut (~~" itt P arJ;:"'ayl.. . 
~(I!W ll'l'5t., \9 : . 

1.' e. I 11(';'" ~.wRrk ............ , "I 
Edi son B 'id~" , $ tfllf. Hout~ 35 .. : 
Woodhridg-I' St., ROU1 e 35 ...... . 

Delnwnr ......................... . 
"'lseonsiu. _. __ .. ~ I. ________ ___ ___ _ 

Rural nt'er'nges .... __ _________ _ 

t; RBA" F AfILlfTE~ : 
Chicago (Partways)' ............ .. 
~~W York ( OCOTgl' Washi\\~lOn 

Brill~~) ... ... _ ............... . .. ! 
Phll.ct"ll'h ia , ................. "-'1' \Vashil\~tOD , I). c,' .. ...... ..... .. 

t.~rb'n 3\-(':ragc..'. _____ ___ _____ _ 

I 8 IQcations. 
'9 locations. 
, 13 locations. 

%76 

9,3 
JG,2 
I&.Y 
19. 1 
18. I 

16.2 

9, 9 

11\.9 
HI. fi 
i), (} 

1J , 6 

11). 9 
2~ , 7 
21. j 
20,2 
22.~ 

2:2. 1 

H ., 1 

24. 9 
13. 1 
II. Y 

16. 0 

l~ 
J41 

Mar , ~J. 19.19 
JUl\~ S,1941 
J:.n . S. 1038 

3.371 
2.817 

and, in that lOCAlity, the thirtieth highest 
hourly volume of the year on roads that are 
not badly congested is 16.2 percent. of the 
average daily t,raffie. 

Assume alsl) that it is desired to calculate 
the capacity of the roa.d that will he needed 
10 years hence when the est.imated traffic for 
the design year, including the immediate 
increase on the improved facility, will he 150 
percent of 4-,800 or 7,200 vehicles per day. 
The thirl·ieth highest hourly volume will be 
16.2 percent of 7,200 vehicles, or 1,166 ve
hides per hour. This exceeds the pracHc:l.1 
capacity of a two-Ianc road even with the 
best II.linement. Furthermore, sight-distance 
restrictions and other limitations imposed by 
the terrain might IQwer the practical capacity 
of a. two-Ia.nc mad at this location to some 
\'alue considerably below 900 ptlSsenger cars 
per hour, the practicl\1 capacity of a good 
two-lane road. The rcquired capacit.y for 
one direction of Jl. four-lane road would be 
22.1 percent (table 27) of 3,600 vehicles, or 
796 vehicles per hour. This 61une va.lue IUsy 
be approximated by assuming tho.t two-thirds 
of t.he thirtiet.h higllt'st hourly voluIlle oC 
1,166 vehicles will be traveling ill the one 
direction. 

Alt.hough conditions differ rat.her widely 
among facilities, it is usually sound. ,in the 
absence of d'('tailed information as to traffic 
l'olume balances, 10 assume that two-thirds 
of t,he traffic will be in one direction during 
{,he design peak hour in rural areas a·nd in 
outlying ur.ban areas. As the central busilless 
districts of large cities are ap))roached, the 
distribution of tfal6e by directions usuaJb 
becomes more evenly balanced, someti,rnes 
closelY approaching a SO-50 ratio ,in the central 
business ar,ea. 

A tabulation of tra.ffic by direction of move
ment for the «treets reported ill the int.ersectioll 
study shows that in downtown II.rea.~ an aver
age of 55 pereen t of the tra..ffic on the con
gested streets was mOI'ing in th{' heavier 
direction, and that, for 70 percent of these 
streets hctween 1:0 and 55 percent was in this 
direction of hea\'ier movement. The a.verage 
direct.ional dist.ributiou of traffic on street" in 
intermediate arel\S wa.~ 61.6 percent in the 

l~ . :1 11.·' II. 1 1il.9 1O.~ 
3<\.0 28 ,0 1~. 7 2~. 7 23. 6 
H .. I 30. 1 2f,. 2 21. j IS.~ 
29_ j 25.6 24. 0 23. ~ 22.0 
41\. I 34. ~ ~1. 4 29.2 2.5_ (I 

'13. i 30. i 25. ~ 2'2.9 W.2 

hea.vier dircct.iou d\lring pcak hour~ with 38.4 
percent in thl' directiou of lesser movement. 
In outlying aretlS the distribution WtlS 65.6 
percent in the heaVier direction :\'ud 34.4 per
cent in the other direction. 

Traffic During 'Various Periods oj the 
Day 

The information shown in table 28 will be 
of some a~si.staJlCe to sn engineer considering 
a propo$ed improvement. when the 0111." avail
able traffic dats consist. of II. few short COUDt.~. 

In some ca.~f.'s, by relat.ing the available counts 
to the information shown in tables 22-27, it 
will be possible to obtain a fairly accurate 
est.imate of th{' practical capacity that should 
be provided or t,hc excess capacity available 
on 811 existing facility. Such II. procedure ,is 
not recommended, however, and should not 
be condoned! for any project involving ex
tensive improvements wben it is sllli possible 
to obtaIn compIete traffic information before 
preparing final plans for the improvements. 

On main rural highways, an average of 74 
percent of the dsr's traffic occurs between 7 
a. In. and 7 p. m., wi ,t,h at. leMt 70 percent of 
t.he locatiolls rl'prl)~elltcd coming within 5 
percent of this value. Local rout.es in rural 
ares~ have a Rlight.ly higher percent,age of the 
total day's traffic during thb period than the 
main rouk,-, whereas most urban fndlitieB 
carr.~· less t.hJl.n 70 perc~lIt. of their traffic 
between 7 8.. m. and 7 p. Ill . 

Though the 2 p. Ill. to 10 p. m. and S a. m. 
t.o 4 p. m . period~ each acconnt for approti
matp.ly ha.1f -{)C the total day'!> traffic op rural 
routes, the 2 p . m . 1-0 10 p. m . period is 
dP.finitely t.i1{' heavier part of the day in urban 
areas, 

The traffic volnme dllCillg the 8 hours (not 
neccssstily consecutive) tha.t l)ave the highest 
total flow i,; of special interest ill connection 
with urhan problems since this base is com-
11l0nly lIsed iu ma.king COUllts for traffic signals 
and similar improvements. As lin illustration 
of the need for this t.ype Qf informat.ion, the 
recently revised Mallual 01.1 Uniform Traffic 
Cont.rol Devices specifies tha.t the total ve
hicular volume entering an. infersection from 
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'fable 28.-Perl'entage ,of traffic during l:oriou~ periods of the day 

l"r<lent"gc 01 24-hour volume in the periO<l-
------- --- ...• ---~ ~-----. 

1'YPf 0/ bl~h ... ar and 
locution 

----------- -
Rt:RAL CO~DlTIO~S : J 

M l\in rural bighw~r'" . 
Local rural roules .... .. _ 

U R~A)< COXDlTIO:<S; , 
Washington, D . C. 

(weekda>'s) ; 
13 loclltioll~ . , ..... ,," 
In·bound. ____ . __ .. ___ / 

c ~I;~b~°.:m~-:i~'kw a·y~ -
(w~.kdayS); 

8 loeation~. _ .. __ ____ . . ' 
In·bound .• _ ... _ .... _. 
Clut.bound .. __ . ...... . 

Detroit, Micb.: 3 locQ-
tlons .. . ...... ... ..... . 

r. .Ia .... ar~ Rit"fr Brldgt: 
Maximum wl~kday .. 

To Pbiladelphia __ .. 
To Camden . . .... " . 

Maximum Sunday .. .. 
1'(1 PbilaMlpbu. .. .. 
'ro Camden .... ,, __ _ 

N6~:do~~i:fs:bridg"s 
Weekdays ........... . 
Saturda Y8 .. " .. _ .... _ 
SundaYs. _ .. ....... . 

6 a. m. to 2P. m. to 
2p. ID. 10 p. ID. 

------------
A vcr·1 Range AVM· RAAg' 

age ( "lZe. 

--~-------
41 3&-14 49 -1<)-52 
45 tHo) 4S H-50 

4() 38-42 ~7 46--50 
45 40-56 -IJ 3l}-46 
34 38-37 52 4fHlO 

38 34-4G 48 45-19 
49 35---M 39 30--+1 
25 15-~5 56 48~2 

3\1 38-41 48 47-50 

35 44 
38 37 
31 61 
26 46 
U 55 

37 3~ 

10 P. m. to 8~. m. to I 7 fr. m. to Higbest 8 
tin. m. 4P. m. 7 P. lli. houcs (not 

COil secu Uve) 
--------- ... - - I 

I .4. '·er· RanI:<' A " er· Rsng., i A ver· Range A vet-. Ran~c 
age age I age age 

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

10 11-13 49 ~4-55 7( 6l}-7U 57 53-00 
7 ~9 52 5()-{i~ 78 75-82 59 53-65 

13 10-15 ~I 36-17 m 6~T4 8l 49-<i1\ 
12 '}-15 44 37-51 70 64-76 ';'1 50-<12 
H Jl-n 3Il 32-43 ~~ 6J-i3 53 4JHO 

16 12-21 4-1 38-19 68 61-72 55 5(HI) 
12 9-16 M 4\HiO 74 67-7U 5lj 52---f\'1 
19 13-26 33 21-15 t}I 55-72 58 504> 

n- 11-14 (0 38-12' 70 67-i"l 5-4 53-55 

21 4() Il2 49 
25 41 59 4U 
1M 39 65 65 
28 32 50 52 
36 14 32 72 
18 54 71 5-4 

71 
M 
t}I 

I Ran~~ Includos the over~es lot at loast 70 pcrOt'nt or th~ loc"'llons 
• R(ll\gl' i !lclud~-s the Q\'crages /or all locations . 

all approarlles lliUi;t average at least 750 
vehicles per hour for any 8 hours of all 1l.ver!lge 
duy before t.he yehicfllar volume alollc WIll 

Table 29,-An.nual (werage 24-hour t·olltme 
and corresponding peak hourly ·L'olllm.es 
,,"'rranting a traffic signal, as based on. 
I ... ·arion.-wide traffic pattern. and traffic
signal U'fIrrantfrom the Manlwl on Uni
form l'raJJi.l' Control De~'ic.,s 

~ Total b-aflie "01· 1 
. UIDe lrom all ap· ,I 

pro~che< at- I 

Vrbnn 
jute·r· 
~ction 

RUMI 
!ntH' 

S(>ction 

Annual a-rernge 2~·hl)ur VolllmQ... 11.300 .,000 
----~ 

Peuk hOllrly volumes: 
Highe<t bour _ .. __ --. -.-. -- -- -- -- 1,402 I 1. i4-1 
Tenth blgh"tbour. _____ __ __ ___ 1,232 1 1,24.6 
Tbirtietb higbest.bour .. __ ...... I. 152 1.072 . 
Filti.tb hl~hest bour ____ . _. _. __ . J, 071 988 
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warrant a. fixed-time signal in an urh~1I arra. 
For rural a.reas, the corrl":'<pOllding criterion is 
500 vehicles per hom. 

Table 28 shows that. 57 Pf'l'cent. of the day's 
traffic on main rural highways and about 53 
~rcent. of the day's traffic at urban locations 
ocellr (Iminl!: t.he highest 8 hOllrs 0[ t.he average 
day. A fixed-time I.raffie signal, t.herefore, 
would not. be warranted by t.he t.raffic volume 
alone unless the average anuual volume from 
all approaches to the inters(.ct.ion :::xcceded 
11,300 vehicles per day at. an urban location, 
or 7,000 vehicles per day at· a rural locat-ion. 

Based on the average yearly traffic patterns 
for rural roads aud urban fa.cilities, a~ shown 
by tables 22 and 24, these annual volumes 
corre;;pond to the penk hourly volumes 
shown ill table 2\). 

Based on the f(,sult-s of the intersection 
studies included in part v of this report.. and 
assuming t.he usual eonditioll that two· thirds 

of the traffic on each highway will be mOl'ing 
in Olle direction during the peak hours, the 
tot&i traffic through an illtersectioll with one 
approach on each road 103.ded to its possible 
eapacity will be as slwwn ill table 30. With 
proper signal timing, the total intersection 
"oltlme will be independent of the distribution 
of traffic between the two roads. 

It is therefore apparent that the t.raffic vol
\I me at the in tel"Section of t\\'o two-lane rllral 
roads or at the intersection of two 40-foot city 
streets with parking must approach and in 
~ome cases exceed the p086ibJe capacit.ies of 
the average inte\'$ection of the Sllme type 
with t.ra.ffic .~ignll.l~ before the traffic volume 
warrants alone would jlls tify the installa.tion 
of traffic signals . . It is [liso apparent that 
fi:ored-t.ime signals on two-lane rural highways 
ca.nnot. be justified by the ' traffic volume 
warrant until the volume of traffic on such 
roads a.t times e"cc(jd.~ thp.ir practical capaci
ties, especially when one oC the intersecting 
roads carries nbollt 75 percent of the t.otal 
traffic at the intersection, These are im
portant considemtions in view of the part that 
traffic s ignals play in increasing the capacity 
of intersections at grade by helping to 
eliminate confusiOll and serio liS accident-i;. 

Table 30.-Total hourly tJolume through 
in.tersections of variou$ types when one 
approach on l'Och of the intersecting 
roods i~ operating ot its possible l'apal'ir-y 

Type of i mer",ct'; Oil 

'['otal hourly In· 
tersection \'olum. 
"'itb one approach 
00 E'ach road oper
ating at Its .roo. 
sible "-'Doeu Y. 
b~don-

:ro",il)l~ 
co,parity 
01 avt'r· 
:lb'i'; in· 
(""51'0-
lion 0/ 
tboCs~~mo 

tYI'" 

Higbest 
rajUCi
ties ob· 
5e,,'.d 

1- - ----------------
Two twtr-l3nc rural rO:l.ds . __ .. 1,500 l,llOO 
Two 4t).foot city streer.,;, with 
p~rking ......... __ ....... _ ..... _ 1,125 1.800 

Two .j{)-foot city streel<, \litbout 
parking ....................... . _ 2, 140 3,750 
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The Flnoncing of Highways by Counties and Local Rural 
Governments, 1931-1941 

The leluhs of all extensive long-Ierm riudy by Ille Bureau 01 Public Roods ore 
reported in a l1ew publicotion, The finondng of HighwaYI by Counties ond Locol 
Rural GovernmentJ, 1931-1941. TIle report presents a discussion, and detailed 
stotistical data, concerning the Anondng of lIighwoY1 by county and local rUial 
govcmmcnts during the 11-year period. Included is infOlmotion for each year, 
by States, on county and local receip", upenditIJres, and debt lor rural high
ways, which hos long betn in demand but neve' available heret%re. 

The publicotion wos mode possible by the colledion 01 the b(lsic dofa th,ough 
the intensive effort of the St(lte IIi ghwoy deportments, the counly and local 
governments, and the field olAces of fhe Bureau of Public Roods; and the anolysis 
ond pre'>enfation were the work of the Financial and Administrative Research 
Branch, BUleou 01 Public Roods. 

The publication is (or scle, at 45 cenls a copy, by the Superintendent 01 
Documents, U. S. Governmut Printing Olfice, Washington 25, D. c., to whom 
011 orders should be sent. Prepayment is required. The Bllreeu o( Public Roods 
cannot undertake f,u distJibulion of the publicalion. 

Bibliography on Roadside Control 

The Bureau of Public Roods has recenlly issued 0 procened publication, 
Bibliography on Roodside Control, in which are included a general 'eference 
section on the tifle subject and specia! sedions on outdoor advertijing, set4lx:ck 
regulations, and roadside Ioning. Tile listings ole orranged by States, ond 
chronologically beginning with 1930. A bti t( digest of the cited reference 
accompanies e(lch listing. 

The bibliography is intended to lerve as on aid to hi9hway plannen ond 
administrators in their activities dealing wilh Ihe problem of rOQdlide conlrol. 
It was compiled by Ihe Land Studies Section, Financial and AdministJqlive 
Reseatch Branch of the 8uleau. 

Tile publication Is available 10 highway engineers and administrators for 
official use, and may be ob~.Jined by those so qualified by writin9 fo the eUltall 
of Public Roods, Woshingfon 25, D. C. 
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