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Highway Capacity: 
Pra~tical Applications of Research 
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BeCfJU.3fl a large port of the boaU! 
r_roh and analysis upon which this 
s tudy ;8 founilMl UI03 conducted by 
the Bureau of Public Roads, the Hish
tmy Re_roh Board CDn.tJider8 it 
fi tring f-hat the report be publiBIaed by 
the Burec;au of Public Roads. Much oj 
the bcuic reaearch hw, indeed, already 
been publi hed in PUBUC ROmS 
rruJga.ine. But the cooperative eJ
lor qf the Bureau oj Plwlic Roods, 
the HighUlOY Ruearch Boord Com
mittBfJ on HighlDOY Capacity , and a 
large n umber oj tate, county, and 
city hiBhway and traffic engineers 
luwe re ulted in the aJn08 ment, Jrom 
the leng th and breadth oj the coun try, 
oj a Jar greater (Juembl(J8e oj field 
ob8ervatioM thon 'loould hotJe been 
P088ible under the aegis oj a single 
organwation. Without such a body 
oj basic information, this report 
UIOuld hove locked the (Juthority it 
holds. The fat is largely the 'ltlOrk oj 
O. K. N ormann ond W. P. Walker, oj 
the Bureau oj Public Rnads.The 
Committee mem bers contributed val
uable assistance, both in tJl.6 review of 
fundamental concepts a nd in the 
preparation oj text and ilIw tmtions. 

H"hway Tr_pert _.._ch ~c ... 
• _u .. Pu ......... 

A rational an d practical m e lbod for the determination of highway. capacity 1& 
elllleDlial in the BOUDd economic and functional d a lign of new. hi.ghways and in the 
adaptation to preaent or future needs of th Inany exilJting 1'08d11 and s treets which 
ron t eonlinu in u for extended periode of tim. Ba caUy,thesubj teoncenul the 
JJ'eetiven of varion faclliti in the service of traffi ,and in olv the many eleJneota 

of highway deeign vehicle and dri r perlormanoo. arid traffic control. 
Higbway capacity haa been the IIllbj ct of eontinuin study over a loog period or 

yean, and the Iiteratu.r.l in thilltield' ertenBiv. Practically aU co1UJlderation of the 
IJUbjeet in the put, how ver, baa been handicapped by i"llsufficieut breadth oC BCOpe . 
and by lock of any conaiderobl volume of ac:eura data. 

The coopel"8tive dorts of the Bureau of Public Roads, th Highway Research Board 
Committee 00 IJisbway Capacity, and Ulany fue, county, and clly eogin , iDlen-
'vely applied in Inany ploce and Cor a number of yean ha e .-e.ulted in a gl'eat m.1UI8 of 

field ob8ervatiollll. Complicated and iogeniOUB instruments have made feaaihle tbe 
collection. oC data in Jarger :volume and greater accuracy than was heretofore poesibl~ 
and have permitted the m~oical reco.rdingof inConnation that could.n,ototberwbo 
be obtained a t aU. .. 

The study luu eocompassec:l oot only t~ capacities of :J;'Ural highway with unin
terrupted Sow, which have been fairly well tabUahed in previoUS publication ,but bas 
uodertaken to determine the capacities of intersections at grade, weaving sections, 
gl'ade parationa. and rampe, and the relatioo ol hourly to annual average traffio 
volwn . Such Wormation ba never before been a vailahl in comprtilien ', 'e foma• 
particularly lor urban faciliti • 

With such abroad ba of fun.damental daLa, and with ucb pa1n8t4lkiDg analyeia 
of tbem, this 8tudy will undoubtedly be recognized as one of the m08t thorough in high-
way r h hi. tory. 

FroIn thi vast grist of basi fact8, 80 minutely sifted and examined, lar Ulore than 
a work reporthabeen produced. This· docwnent is truly a practical guide by which 
theeo gioeel', ha iog d te1'D1i.ued the essential facts, can design a llewhighway or 
revamp an old one wi tb a8fJU1"IDlCfl that t be resulting actual capacity will he as calculated. 
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HIGHWAY CAPACITY has been the sub
ject of careful and painstaking study for 

more than three decades. Many able re
search men have made valuable contributions 
to the subject, which . has increased in im
portance from year to year at a rate that prob
ably parallels the rapid increases in traffic vol
umes and ' congestion on our streets and high
ways. The comparatively recent general ac
ceptance of the importance of highway trans
portation 'in our national economy, and espe
cially of adequate transportation facilities in 
our cities, where heavy traffic volum.es require 
the construction of costly roadways, has 
greatly increased the need for reliable street 
and highway capacity information. 

The primary reason for constructing streets 
and highways is to serve traffic, whether the 
traffic is local and originates along the par
ticularstreet or highway; or whether its origins 
and destinations are in other areas. Basically, 
a study of highway capacity is a study of the 
effectiveness of the various facilities in serving 
traffic and involves the many elements 'of street 
and highway design, vehicle and driver per
formance . characteristics, and traffic control 
measures which directly influence the move
ment of vehicles. 

To be of value in the sound economic and 
functional desigil of new roadways, or in 
adapting "to present or future demands many 
of the existing roadways which must continue 
in use for loI1g periods : into the future, the 
capacity ' criteria must include measures of 
such factors as speed and the relative inter
ference between vehicles in addition to the 
number of vehicles that can pass a point on 
a given roadway in a specified period of time. 
It is of little value to know the quantitative 
measure Without knowing the quality of 
service provided. 

Previous Studies 

The need for an authoritative presentation 
of facts concerning roadway capacity is illus
trated in figure 1 and table 1, which show the 
capacity of a single traffic lane as published 
in a number of articles. Each source is simi
larly identified in both the figure and the 
table. 

Nearly all of the curves or equations were 
calculated from tbe formula : 

C= 5,280V 
S 

Where C=capacity of a single lane, in cars 
J:er hour. 

V=speed, in m.iles per hour . 
S = average distance in feet from center 

to center of vehicles. 

In some cases the spacing between vehicles 
at various speeds was assUllled to be a linear 
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Introduction 

function of ." the speed, while in other~ the 
spacing was assumed to be a function of the 
square or some other exponent of the speed. 
In a few instances the spacing was based on 
very limited field o\:lservations .and actual 
measurements. In general, however, spacings 
were arrived at by the use of such factors as 
driver reaction time, braking distances, and 
coefficients of friction. 

Although some of these curves come re
markably close to showing the same relation
ship between speed and traffic volume as the 
curves presented in a following section of this 
report for specific roadway conditions, the 
wide range in vehicular volumes for any 
particular speed has had the effect of confusing 
rather than enlightening engineers who have 
made serious attempts to apply the results to 
practical problems. . 

Basis oJ This Report 
One of the primary reasons that the earlier 

highway capacity analyses were not based Oil 

sufficient factual information was the lack of 
instruments ' to measure accurately arid ' con
veniently the' vehicle speeds and the spacings 
between ' vehicles under normal operating con
ditions; The development of instrumentation 
for this · purpose ' has progressed rapidly since 
1934. Vital information pertaining to the 
actual driving practices of vehicle operators 
as related to other traffic on the highway and 
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to the governing features of the highway 
itself can now be obtained for each individual 
driver, regardless of what the total traffic 
volume may be. Through the application of 
these means, certain .18,WS or characteristics of 
traffi~ flow have been discovered or d~veloped. 
This has made it possible to bll$C t hi report 
on factual,technical data. 

While compiling this report,the Highway 
Capacity Committee has reviewed all the 
available previously published information on 
the subject and has used the factual informa
tion obtained through investigations con
ducted by many individuals and organizations, 
especially the comprehensive t raffic operation 
research investigations made by the Bureau of 
Public Roads in cooperation'with the various 
State highway departments and other govern
mental agencies: 

The Committee is especially ind btcd to the 
many city traffic engin 1"6 who contributed 
valuable data regarding in tion capaci
ties, and to the In~·titute of T raffie Engineers 
for the h Ip rendered in obtaining information 
on urban conditions. 

The Committee is aware that highway 
capacities have been incr asing ov r a period 
of years due to improved vehicl design, in
creasfld skill of drivers, and impr ved traffic 
control. With the introduction or fOUT-wheel 
brakes, for example, closer pacing of vehicles 
was possible. 

AFTER OEC.31,193r 

---

60 0 10 20 30 40 50 60 

·SPE.E.D-MILtS PE.R HOUR 

Figul'e I.-Calculated capaciti.es of a single traffic lane. from various sources. 
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Highway Capacity Stabilized 

Improvements will continue to ' be made. 
The Committee believes, however, tlul.t 
capacities of highways are beCOming stabilized 

insofar as . the effects or t.he vebicle IUld tbe 
driver lire concerned.lmprovemen hieh 
might tend to increase capacities will probably 
be offSet, to !"ome extent at ioast, by other 
factors. If the large number of r r-eod 

Lake Shor Drive in Cllico 0 ha an outstanding recordJor motJing huge volumu oj trafJic. 

" .:- . 

collisiOn ccidents are to be appreciably re
duced, for exronple, drivers mu maiotain 
somewlul.t longer di tances between vehicles 
while opere. iog in high traffic densities. A 
r cent tudy of v biole spacinga under 
capacity conditions bowed that 2 percent of 
tbo drivers could not have avoided a rear· end 
ollision had til driver of the preceding ve-

hiel uddenly applied his brakes. Thi 
um ood bru 00 both vehicl ,and an 

e1<-tremely low value of 1 ond for the com
bioed perc p ion and reaction ime. The 
capacity figur in this r p rt, therefore, aT 
bas d on present-day vehicles and tbc manner 
in which they ar currently operated on tbe 
various types of highway fa.ciliti . 

By cor rectly applying the ve.riou!:! factor 
affecting t t and highway capMiLie 
bown in thi port, the engin r crul "aIual 

quantitatively the defici nci f long trotch) 
of highways betw n important lrmini or 
between imp or ant Int 'oti n several mi 
apart. Thi ~ill help to eliminato tbe com
mon fei10 to cognize the n d for imp v 
mont until a CaciH ' be om bacUy cong d. 
10 toad, the noed Cor improv menL can 
anticipated and the projects placed in Lheir 
pro po it.ion in a long-rang priority 1'0-

IP"lIm for a. troot or highwa.y s tern. Iso, 
it hould no I ng r be nee ry to ontlnuwly 
"chase rainbow ' by incre in h caplltliLy 
a.t on point only to liod ths. the traffic bottle-
nock h n tran f rred to am thor poin 
alon tb route with comparatively littl v r
al1 benefit to traffic. 

Table I.-Calculated c.opaci ti oj a sm wtm:/fic laruJ Jrom various sources 

Formula 
.. 1""0. Author 

Asswnt'd 
d!itan 

Year of oot eell 
pubJi. aJ foUowlnglllstMce. when V Cltrs.~ 
cation , Is the speed In mil / r bour 8tondstm 

Assumoo 
reactloo 

time 

For m!l1imum alll8clty-

Mulmum 
cepec:lty 

r 

~ ( J)C!Cd Spacing 

L ___ ,, __ _ ScbWGnter ___ __ . __ ________ · . 1924 1---.-._-. -._-.F-i-d-933-V-+-I-"-7--I·-cen-~-:-7-f_+-Su-2.-0:'--+-M-;"-1l-.. -. -I--(2.-~t-:c.-)-:I--r-:~-.A-' -l 
2 .. ___ __ . _ F rench /Jeriodll:8l __ . __ .• __ 1924 ' 0-331 Vt +_.... . . 14. 7 14.7 0 a. 8 21), 4 1,1110 

. 3.._. _____ Lewis __ ___ . ___ . _____ __ ."_. 1925 0, 0712Vt +0. 7:tl V+l<1. 7 14.7 0.50 14. 1 39. 7 I. 70 
' 4 .. ___ .~ __ SchaaL. ___________ . _____ . 1925 0-21.31") + 1.47V +H.7 it. 7 1.00 3 41.6 1,060 

5.. ... ____ Johnson ____ ______ ________ _ 11126 0-00II7 + _. __ .•• . 16 16 0 16.0 80.0 2,&10 
SA_______ .do. ____ • _____ _ ._.______ 1928 o.SVu + ... _ .... 15 15 0 34.S G4.6 ~OOO 
6 ... __ . ___ Kelker _________ __ • ___ __ .__ 1926 ._ _ . <,> 17.6 ••• _. .. 24.0 45.6 ~ 

7.. __ ___ __ Highway Research___ _____ 1927 O.ooooVt +1 .10Tf +17 17 0. 76 21.6 67.7 1,1170 
8.. __ ___ . _ . Wenln r _________ . _______ 1929 0. 109 1 • +0.733"+14.7 14. 7 0-50 U.G 37 g 1,1)10 
9 ... _. ____ Ehlgou ______ : ___ .________ 1929 0.0773". +1 . 471'+H.7 14.7 1.00 14.2 60.3 1,490 
10 ... __ ___ Daugberty _____________ __ . lQ30 0.~1r: +0.7;I3V+I& ]6 0.50 10.4 42.1 2,000 
11 .. . ____ _ N w York RegionaL_____ 1931 0.0721" to. TJ31 + 15 16 0.50 14. 4 40.8 1, 70 
12 ---- - -- l1en . • ___________________ 1931 O,0333VI +0. 733l'IU 14 0-50 n6 43.0 2,~:iO 
13.. __ • __ _ JQhllDJlllllSOn--- ----- - ---- 1933 , _. .._. 2.:iOV 2S 26 1.50 .. (J.5&ec.) ~ <100 
14.. .• __ __ 18SMl!buseus WPA _____ . 1934 o.02H" +1.471' :iO 20 1.00 28.3 &1 . 6 1,880 
14A______ _ _do ___ __ • __ ,____ ________ 1934 0.0102vu+I.47 20 20 LOO 2(. 1 70. 7 1,800 
15.. . • _ ... Oreenshields______ __ ______ 1935 • . • •• L 101' 21 21 0- 76 .. (0. 76_.) 4, 
16: .. ; __ . . Blrula ____ :________________ 1935 O-OO36Vt +1.47V 10. I 4 1.00 16.8 65. 6 1,500 
17_ ... ____ Nevins.. ____ .____ ________ _ 1939 O.()8.'Illtn +1. 47 16 16 1.00 13.11 62.4 1,<100 
17 A __ ____ ___ _ do __ __ _______ _________ . 1939 ...-. 2. 20 V il6 16 1.50 .. (l. 50 eeo.) 2, 400 
18 .. _ •• __ . Clayton____ ___ ______ ______ 1941 O-0a33lft +U7V IS 16 1. 21.2 61.1 1,830 

~:::::::~ ~GiJi:;C=:: :: :::: :: :::::: ~~~ ~~ t:: ~~~ l~ I:. 7 t~ ta 65.: t~ 

I Kelker, ,,'bo dJd 110t llat II lo(muill of his own, llSSumllll thaI at 10 m. p. h. tbo time .pecina between vehlcl Is 0.6 eeoond and at GO m. p. h. Is 2.0 IIUCO.o(\S. 
TbIl60 two JlOtnt./! were jolm!d wltb 11 stmigbt line 00 !I(lUll·lag- eLlan pGpc!r. 
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Part I-Definitions 

Road types: A freeu:ay. 

INTRODUCTION 

The confusion that has existed concerning 
the meaning and shades of meaning of many 
terms used in traffic engineering practice has 
contributed, in some measure at least, to 
the wide differences of opinion regarding 
the capacity of various highway facilities. 
To cite but one of many examples, it is not 
uncommon to find the terIllil high traffic 
density and high traffic volume used synony
mously or interchangeably. This practice 
is incorrect and creates misunderstanding in 
connection with highway capacities because 
traffic volume is a product of the traffic 
density and the traffic speed. As will be 
shown later, it is possible to have a very low 
traffic volume with a high t raffic density. 
In fact, the highe t traffic densities do occur 
when vehicl s are practically at a standstill, 
in which c · the traffic volume wouid ap
proach zero. 

The definitions giv n here are intended to 
be those most d riptive and most widely 
used in eogin ring praotice. Most of them 
are based on current usage or are definition 
already adopted by various organization . 
There are, however, many cases in which a 
defulition r presents a ombination of, or 
compromise · .between,definitiohs appearing 
in previouSly published material. The Coin
rriittee's primary attempt has been to ascribe 
definite meanings to terJDlj as they have been 
used in this report, thus minimizing likelihood 
of misinterpretation of its content.t 

Included also are definitions for . terms not 
used in this report, but the use of which will 
probably be nec ary as the inve tigations 
of highway capacity are broadened to cover 
many of the specific conditions for which 
data are not now . available. 

1 The dellnltfoDS do not necessarily agree with those or 
other committees or assoclations, and may be subject to 
change to foster national uniformity ot nomenclature. 

Road types: An expressway in a rural area. Grade separation structures at minor eros. 
roads such as· the one shown here are seldom justified. 
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CAPACITY DEFINED 

The term which is perhap most widely 
misunderstood and improperly used in the 
.field. of highway capacity is the word capacity 
itself. The . term capacity, "itbout modifi
CAtion, i imply a g neric expr 'on pertaining 
to he ability of 0. roadway to accommodate 
raffie. Like tbe power of an ngine, the 
apacity of a roadway must be rated by some 

standard before it can be expressed intelligibly. 
Just as the abilit,y of any given pump to dis
charge a liquid is dependent upon uch fac tors 
as the nature of the liquid, the speed · of tlJe 
pump, and the ize of the discharge pipe, so 
the capacity of 0. roo.dway depends upon a 
number of conditions. Compo ition of traffic, 
roadway alinement, number and width of 
lan , .and vehicular speeds are a few of these 
conditions which may be referred to col
lectively . as the prevailing conditions. 

The prevailing onditions may be divided 
into two group : (1) those tho.t are determin d 

. by the physical features of the roadwo.Yj 
and (2) those that are dependent upon the 
traffic using the roadway. The first group, 
none of which change unless some . onstruc
tion or recon,.,truciionwork is performed, are 
referred to as the prevailln, roadway con
ditions.. The second group, any of . which 
may change or be change«;i from hour to hour 
or duringvarioUB periods of the day, are 
referred to as the prevailing traffic conditions. 

Basic Capacity 

There are three levels of roadway capacity 
that are of utmost importance in any discussion 
of the subject. The first of the the Com
rriittee has decided to call the basic capacity. 
It is the maximum number of pa senger cars 
that can pass a given point oR.a lane or road
way during one hour under the most nearly 
ideal roadway and traffic conditions which can 
possibly be attained. 

Basic capacity for rural roads and urban 
expreSfl.ways with uninterrupted flow is ex
pressed in t-erms of passenger cars per lane or 
roadway per hour. Basic capacity for street 
intersections applies to the roadway width 
on one approach and is the rate of flow 
expressed in terms of passenger cars per hour, 
during the period that the flow is not inter
rupted. Two roadways having the same physi
cal features, therefore, have the same basic 
capacity regardless of the prevailing traffic 
conditions. 

Possible Capacity 

The second level of capacity is the maxi
mum number of vehicles that can pass a given 
point on a lane or roadway during one :\lour, 
under the prevailing roadway and traffic 
conditions. This level of capacity, which the 
Committee has decided to call the possible 
capacity, is 8. positive quantity. It is the 
volume of traffic that cannot be exceeded in 
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actuality without changing one or more of the 
conditions that prevail. It is necessary always 
to state the conditions under which an ex~ 
pressed possible capacity is applicable. For 
example, it would be incorrect to state that 
the possible cap ci ty of a tw~lane highway is 
2,000 vehicles per hour. If, however, the 
statement be amplified to say that the 
possible capacity of. a level, tangent, tw~ 
lane highway with a 24-foot. surface, free 
from lateral ob tructionswithin 6 feet of its 
edges, and with no major intersections at 
grade, is 2,000 passenger cars per hour, then 
it is substantially complete and .correct. 

Practical Capacity 

Thethird 1 vel of c&pacity is the maximum 
numbe,r of nhicle that can . pas a given 
point on a roadway or in a de ignate d lane 
during one hour without thetraftic density 
being so great a t() cau ullrea unable de
lay, hazard, or re trlctlon to the drivers' free
dom to maneuver under the prevailing road
way and tramc conditions. Tbie type of 
capacitytb Committee has deoided to call 
practical capacJty. Because th phrase un
reasonable delay or res triction to the driver ' 
freedom to maneuver is om what subiect.iv , 
the establishment of the volume at which 
practical capacity is reached depends in large 
measure upon individual judgment. The 
reader .will find, however, tlm he body of t he 
report de lops scientific menno! rationaUll
ing the extent to which the driver of a vehicle 
is deprived of his freedom ' to maneuver at 
various traffic voiumesby considering the 
amount that his speed and other factors are 
restricted · b other vehicles on the highway, 
By using this as a Criterion, the Committee 
has found it possible to recommend definite 
ranges of practical capacities fOl' Variou8 road
way and traffic conditions. 

It is tbe practical capacity which is of pri
mary interest to tho e striving ' to provide 
adequate highway facilities. . The d ign en
gineer will plan hiB improvements with an 
adequate pl'acticai capacity to meet a ntici
pated volumes of traffic on the facility. To 
him, a more de criptlve term might be design 
capacity, but the only cliff rence is thAt the 
highway has a design capacity d uring the 
planning stage, and apract ical capacity after 
it is constructed. One is objective, the other 
reality, but both may have the same numel'ical 
value. It seems illogical, therefore, to intr~ 
duce a second term having essentially the 
same meaning. 

Other Term 

Other terms, such 80S satlsfactory capacity. 
tolerable espacUy, and intolerable capacity 
have been variously used in previously pub
lished material to subdivide the range between 
practical and po ible capacitie . For urban 
conditions where traffic is r gulatcd by traffic 
signals, the report will show that the differ nee 
between practical and po ible capaciti is 0 

snutll that intermediate levels are not needed. 
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In rural ar ,ho~'ever, and on lU'ban faelli" 
ties having expressway characteristics, tilere 
is indeed a .wide range in volume between 
p ractical capaci yand possible capacity. This 
may be thought of .. 88 a reservoir which can 
absorb an overload, with increasing mconv n
lence to drivers, after the practical capacity 
has be n reached. The report will how that 
within . t his realm congestion increases in 
direct ra.tio with the. raffia \'olum. Because 
the ouditions that govern the degree of 
congestion which may be considered as toler
able are local in character, the Committee 
choo es to r frain from any pacific recommen
dations for th e int erm diate terms. Con-

The thre forms of capacity, basic, po ible. 
and practical. are the ones u d throughout 
the repor , and they are used in the IlB8 j llllt 
described. Other terms and th ir definitions 
follow, not in alphabctical order, ut grouped 
according to the subject to which they are 
most closely related. an aid in locating 
the definition of auy term listed, an index will 
be found immediately following the glo a ry. 

I.-ROADWAY D E mON 

Highway, street, or road.-These are 
general terms denoting a public way lor 
pur-po of vehicular trav 1, includin the 

The e two pll.otograpllJJ, taken a t the 30me loca tion wi thin a hort period oj time, iLfU4troLe 
tI«J differcru;e between traffic _ lume and tro ffic density. The volume in both case .. 

, U)(I3 about t.he IJQ m e . TIUJ denllity, becalUl8 oj slow speeilJJ, wo .. Jar greater in the upper 
p icture than in the lower pic tur where .. peedtl were apprccwbly ruShe r. Boooy 
con ge t um oJ ten creo Le8 the Jalse impr ion, in Q photograph, oj high volume. 
A·tuaUy pictlLr oj Jr fHl -jlowinl1, higl,-'OOlume roods u./luaUy how only aJeto oehicld 
in. t.he field oj Iliaion. 

idered more important is the need to inform 
the reader of the effect of these intermediate 
traffic volumes. Ha ing boon thus informed, 
the local official will be better able to exercise 
sound judgment in decidin~ upon satisfactory 
or tolerable capacities for u e in admin' tering 
his vailable funds to the greatest ad antage 

f he public. 

en ire area within the right-of-way. In rural 
areas, or in urban areas where tbere is com
paratively little acces and gr", a way 
betwe n prominent termini is usuaUy called a 
bJgbway or a road. A way in an urban area 
with, or with provi ion made for curb • side
walks, and Po.vedgutters, is ordinarily called 
a s tl'eet. 
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R oad type : A tu-'o - tane rural highway. 

a. Control of acceS8.-The condn ion 
where the right of owners or occupants 
of abutting · land or other persons to 
acc , light, air , or i w in connection 
with a highway is flllly Or part ially con
trolled by pu blic authority. 

(1) FuU control of 4«0«« meaJtB 
that the authority to control access 
is exercised to give preference to 
through traffic by providing access 
connections with ele ted public 
roads only and by prohibiting ero -
lngs at grade or direct privat drIve
way connection . 

(8) Parti al conlrol oj acce«s lucan 
hat t,he authority to control acc 59 

is ex cj d to gi e pr f r nc to 
tlrrough traffic to a degr e that, in 
addition to !lOce conn ctions ith 
'eleeted public roads, ther niay be 
orne cro ' ingo at grade and !!Ome 

privat driveway c lin ction . 

I. Functional t'Yl1e4f: 
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a. Arterial hiohway.- A general t rill 

denoting a highway primari l for tbrough 
trB ffic, u ually on a continuous route. 

b. Bxpr • ,eall.- A divided arterial 
bl,hway ror throu,h (raJBe with ruJl or 
partial control of acce and gencrany 
with grad paration at Inter ctions. 

c. Fre€ wall. - An xpr way with ruil 
control of ncces • 

d. Parku:all. - A.n arteriaJ highway for 
noncommercial traffic, with fuJI or parlial 
controJ or acee • and u ually located 
within a park or a ribbon of parklike 
de velopment. 

e. Major street or major highuay.
An arterial highway with intersections at 
grade and direct access to · abutting 
property, a nd on which geometric de lJigl' 
and traffic control mea ures are used to 
expedite the safe movement of through 
traffic. 

f. Through street or through highway.
Every highway or por tion t her of at the 
entrance to which vehicular t raffic from 
intersecting highways is required by law 
to stop before entering or crossing the 
same and when stop signs are erected. 

go Local street or local road.-A, street 
or road primarily for access to residence, 
business, or other abutting property. 

2.Cro8s-section wmponent8: 

a. Roadway.-That portion of a road 
which is improved, designed, or ordinarily 
intended for vehicular use. Divided 
roads, and roads with frontage roads, 
have more than one roadway. On un
divided roads without frontage roadways, 
the roadway width normally lies b tween 
the regularly established curb lines or 
between the outer extremities of the 
shoulders, whichever is appropriate. 

b. Frontage roadway.-A roadway 
contiguous to and generally paraU ling 
an expressway. freeway, parkway, or 
through trect 0 de lined as to intercept, 
collect, and di8tribute traffic de iring to 
ero • ente r. or leave 8ueh facility and to 
Curm h acee to property which other
wise would be i olated a a re ult of 
controlled-aoce feat·ur. ometlmes 
referred to as a service roadwa". 

c. Pall mtmt.-That part of a roadway 
having a constructed urfac for the 
facilitation of vehicul ar rna ement. 

d. Shoulder.-T bat portiotl of a road
way between the outer edge of til paved 
surface and the curb or the ina ide edge 

R~ type: If three-1Dne lail1hlwy. 

of th ditch or gutter or original ground 
su rface. 

eo Curb.-A vert ical or loping member 
along the edge of a ps,'ement or houlder 
forming part of a gutter, strengthening 
or protecting the edg , and clearly 
defining he edge to vehicle operat.o . 
The surlnce of the curb facing the general 
direc ion of h pavement is called the 
" face." 

(1) Vertical curb,-A curb whose 
face is a plane surface whi h is 
either vertical or inclined at 1U1 allgle 
not elCee cling 20 degrees with the 
vertical. Ordinarily it is not 
mount-able, or is mountable with 
difficulty, by v biele. . AJ 0 "called 
a 8traight curb or normal curb. 

(2) Sloped ctllob.- A curb whose 
face is a plaM ~urface which· is 
inclined a t an angle of at lea 20 
degree , but not more than 60 degree~, 

with t il vertical. It may be mount
able or nonmountable by vehicles. 

(3) Lip curb.-A curb whose face 
is a plane surface which is inclined 
at an angle of at least 60 degrees with 

the vertical and which is readily 
mountable by a vehicle. 

(4) Rolled curb.-'-A curb, the face 
of which is S shaped in cross section, 
usually so constructed as to be 
mountable by a vehicle. 

f. Separator.-An area or a device (other 
than a painted line or area) so located 
longitudinally between two roadways as 
to separate traffic flowing in the same or 
opposite directions and being so designed 
as to discourage or prevent passage by 
vehicles from the lanes on one side of the 
separator to those on the other. 

(1) Directional separator.-A sepa
rator between traffic streams moving 
in opposite directions. If the direc
tional separator is located between 
two roadways carrying through traf
fic in opposite directions, it is usually 
referred to as a Median. 

(2) Lane separator.-A separator 
between traffic streams moving in 
the .same direction where the service 
rendered by the roadways on either 
side of the separator is essentially 
of the same character, as distin
guished from that on a frontage 
roadway. 

(3) Outer separator.-A separator 
between a frontage roadway and the 
roadway of a controlled-access high
way or major street. 

g. Speed change are(l.-An added 
width of pavement adjacent to the through 
traffic lanes to e.nable vehicles entering a 
roadway to accelerate to a reasonable 
speed before merging with through traf
fic or.to permit vehicles leaving the road
way· to .. decelerl!.te to the required peed 
arter eparation from througb(rnffi has 

. been accompli hed. 
(1) Acceleration area~-A speed 

cha.nge area for the purpo of: (a) 
Enabling a vehicle ent ring a road
way to increase its peed to a rate 
at which it can more afely merge 
with t hrough traffic; (b) Providing 
the necessary merging distance;. and 
(c) Giving the mainroadwl!.Y traffic 
the necessary time and distance to 
make appropriate adjustments. . 

(2) Deceleration area.-A speed 
change area Cor the purpose of 
enabling a vehicle that is to make an 

Road type I A one-troy street. 
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exit turn from a roadway to f!low to 
the safe speed on the eurve ahead 
after it has ··left the main stream of 
faster-moving traffic. 

3. eros -8ectwna,l desi gn: 
a. UndiVided road.~A ;t:oad. which has 

no dll' ctioDsl !:'eparator, either ufl;tural or 
structural, eparating traffic moving in 
opposite direct ions. 

b. Divided road.-A two-way road on 
wbi h traffic in one direction of travel is 
separat d froID that iIi the 0PPO ite direc
tion by a directionsl separator, Sucha 
road has two or more roadways. 

4. Width in Zanll8: 
a. Two-lafllJ. road.-Anundivided two

way road having one lane for traffic in 
each of two. oPPosingW:reCtiODS. 

b. ThT,*lafle TOad.-A:n. undivided two
way road providing one Jane for the 
exciu, ive u of traffic in each of two 
opposing di:rection and a third (center) 
lane fOT II by traffic in either direction 
in overtAking and pM ing. 

c. Odd-lafle road.-An undivided two
wa.y r ad having an odd number of Janes, 
one of which may be u d by traffic mov
ing.in either dir ction. A three-lane 
roadway is II. pecific type of odd-lane 
roadway. 

d. ~Y1tltilam road.- road having two 
or more lan for traffic in each direction, 
or four or more IJIJl0 for traffic in two 
dire ions. It may be one-way or two
way; divided or undivid d. 

5. Dir cUonal usaue: 
a. One-way Toad.-A road on which 

the movement of traffic is nfined to one 
direction. 

b, TII1()-IDay road.-A road on which 
traffic may move in opposing directions 
simultancolJ lY. It may b either di
vided 01' undividcd. 

8. Traf!ir lOllll.-A strip ofroa,dway in
tended to accommodate a. Il'ingle line of 
Inoving vehicle . 

a. R ight lane or first lane.- On any 
roadway, lhe lane on tbe extreme right, 
in the dlrection of traffieflow .• avaUable 
for moving traffic:. SornetJme referred 
to as the oat ide lane on ruralblgbways 
Qr th curb lane on tity. street wbere 
patklngl nc)t permit ted. 

b. L eft lane.-(l) On a two-lane, two
way r oad, that lane w1lich. i (0 the left of 

Rood type: A major IJ tre t. with left-turn 
mnes and parnr.e ignol indicatiorut for 
vehick turning I,...,t. 
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the center line aDd whleh I normalJy 
UBed by traffic in the OPPO ite dlreetioll. 

(2) On a multilane road, Ibe extreme 
lert-band lane of tho e lane ava.iJable ror 
tra ffic trave lillg In olle direction. 

c. Center lane. - On an undivided 
road having an odd number of lane. t.b 
lane which may be used by traffic: travel
ing in either direction. 

d. Seoond lane, tlJird lane. etc. 
On a multilane road, Jane to the le Ct of 
the rigllt lane (or fir t lane) , a vsUable for 
traffic true"ng in the arne direction are 
de i.gnated · econd lan.e," " third I&ne," 
etc., in that ord r. 

e. Parking lane.-A strip of roadway 
wbere vehi I may be legally parked but 
which ot.henvis would e available to 
moving traffic. 

/. Left-turn lane.-A lane within be 
normal unaced wid h, reserved for left
turning vehioles. 

g. Right-turn lane.-A lane within the 
normal surfaced width, reserved for right
turning vehici68. 

h. Separaled turning lams.-Added 
traffic Ian eparnted from the intersec
tion area · by an island or unpaved area. 

Road typa: An apre8t11.my h.(lving a dirm:-
tionnl porator <'eft) and a lane 
separator. 

They may be wide enough lor one-lane 
or two-lane operation. 

i. lidded turning lane.-A special Ian 
for turning vehioles obLs.i.ned by widening 
the Dormal roadway widt.h at. inter
section. 

j. Turn~ut lafl8.-A special lane of lim
ited length apart from the through traffic 
lane provided for the u e of vehicL 
making stop r short duration. 

k. Oar-track lane.-A lane occupied by 
treetcar tracks wit.hin til surfac d width 

of a roadway. nch a lane mayor may 
not be ava.ile.ble for use by fr a-wbeeled 
veWcles. 

7. In.terseclion.-Tbe area embraced within 
the prolongation or o.nnection of the lateral 
curb lines, or, if none, then the lateral bound
ar lin of the roadway of two highway 
which join ODe another at, or approximately 
at. right angles, or the area within which 
vohicles traveling upon different highway 
joining at any oth r angl may como in con
flict. Where a highwa.y includ two road
way (30) f t or more apart, t.ben ev ry 
cr iug of each roadway of uch divided high-

Road type' : major Itt r t wi,h. frontoge 
road$. Lamp po t are mounted in the 
outer eparotor . 

way by an inters ting higbway sball be re
garded as a separate interseotion. In the 
event suob intersecting highway aLe inolud 
two r adways (30) feet or more apa.rt, then 
everycro ing of two roadways of uch Wgh
ways shaUbs regard d as a separate inter ec
tion. 

a. InteTsccJ.i07'lleg. ___ That part of anyone 
of tha roadways radiating from an inter
eotion which is outside o! the area of the 

intersection proper. 
(1) Approoch.-That portion of a 

leg whicb is used by traffic approach
ing the intersection. 

($) &it.-:--;-That ptll'tion of a leg 
which is u d by iTaffic in leaving an 
intersection . 

b. Three-wau interl/uti07l.-A roadway 
inter ecU n with three .intersect ioD legs. 
If one of these interse tion· legs is an 
approximate prolongation of the direction 
of approach of another, and if the third 
leg intersect.'J this prolongation at an 
angle between 75 and 105 degrees, the 
three-way intersection is classed as a T 
intersection. II one leg is a prolongation 
of the approach of another, aDd the third 
leg inter acts his prolongation at an 
angle 1 than 75 or great r than 105 
degre ,it i cJassed 88 a. Y intersection. 

c. FouT-way inlM3ecliOll.- roadway 
junction with four intersection legs. If 
two of the interse tion legs are a.pproxi
mate prolongations of the directiOn! of 
approach oC the other (.wo, and the angle 
of intersection of these two prolongation 
is less than 75 degrees or more than 105 
degrees, it i classed 88 a four-way a lique 
intersection. U two of the inte ection 
Jegs are approximate proLongation of the 
otbr two legs, an the angle of itlter
section oC th e prolongations i 7fi d rev 
or more, but not greater than 105 d~gree , 
it i cl ed M a four-way right-angled 
intersection. 

d. MuU:i1J1oy inleruction.-A junction 
having five or more legs. 

e. Rotary interaaclion.-A confluence of 
thl'ee or more intersection Ie at wWcb 
traffic mer into and emerges [rom a 
OD6-Way roadway in a counterclockwi 0 

direction atoullda central area. 
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(1) Traffic circle.-A rotary inter
section having a cent ral area circular 
or oval in shape of suffi ient size to 
produce weaving maneuvers in lieu 
of direct crossings between tbe vari
ous mo ements. 

8. Highway grad.e 8eparation.- A structure 
used to parate vertically two intersecting 
roadways, thus permitting trafJjc on the one 
road to cr tra.ffic on the other road without 
interference. 

a. Traffic interchange or intercha.nge.
A sy tam of interconnecting roadways in 
conjunction ~tb a grad separation or 
grade separations providing for the inter
change of traffic between two or more 
roadways or highways on different levels. 

b. Access ramp or ramp.-An intercon
necting roadway of a traffic interchange, 
or a.ny connection between highway 
facilities of different levels, on which 
vehicles may enter or leave a designated 
roadway. 

(1) Inner loop.-A ramp used by 
traffic destined for a left-turn move
ment from one of the through road
ways to a second when such move
ment is accomplished by making a 
right-exit turn followed by a three
quarter-round right-turn maneuver 
and a right-entrance turn. 

(2) Outer conneetion.-A ramp used 
by traffic destined for a right-turn 
movement from one of the through 
roadways separated by a structure 
to the second through roadway. 

(3) Direct connectwn.-A form of 
ramp which does not deviate much 
from the intended direction of travel. 
The inner loop for left-turning move-

Intersection types: A Jour-u;ay inter ection 
in a downtown areo. 

ment is avoided by t he use of sepa
rate structures. An outer connection 
is a direct connection for right
turning movements. 

(4) Exit turn.-A turn at a ramp 
terminal where traffic leaves a 
through roadway and enters a ramp. 

(5) Entrance turn.-A turn at a 
ramptenninal where traffic turns 
from a ramp and enters a through 
roadway. 

9. Wealfing section.-A length of one-way 
roadway erving as an elopgated intersection 
of two one-way roads orossing each other at 
an acute angle in such a manDer that the 
interferenoe between ero s traffic is minimized 
through substitution of weaving for direct 
ero ing of ehicle pathways. 

10. Sight dist ance.-Tbe lenath of road
way visible to tbe drher of a pas enger 
vehicle at any Jiven point on the roadway 
when the view Is nnob tructed by traffic. 

Weaving sections: The dis.tribution structureJor the San Franc; co,Oakland Bay Bridge 
(photo taken during construction in 1937). 
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a. Stopping sight diatance.-The 
distance required by a clriverof a vehide, 
traveling at. agi en speed,. to bring his 
"ehide to a stop aCter an object on the 
roadway becomes vi ible. 

b. Passing sight distance.-The 
minimum sight di tance that must be 
available to enable the driver of one 
vehide to pass another "elUde safely and 
comfortably without interfering with the 
speed of an oncoming vehicle traveling 
at the design speed should it come into 
view after the overtaking maneuver is 
started. 

c. Restricted stopping sight dis. 
tance.-A sight distance shorter than 
the stopping sight distance for the design 
speed. 

d. Restricted passing sight dis
tance.-A sight distance shorter than 
the passing sight. distance required to 
pass a vehicle traveling 10 miles per 
hour slower than the design speed. 

e. Restrictive sight di8tanCe.-A 
sight distance which, by reason of its 
inadequate. length, causes a reduction 
in the operating . speed and otherwise 
restrains the fl'eemovement of traffic 
under the prevailing conditions. 

IT.-TRAFFIC CONTROL DEVICE DEFI
NITIONS 

Traffic control delfices.-A traffic control 
device is any. sign, signal,. marking, or device 
placed or erected for the purpose ()C regulating, 
warning, or guiding traffic. 

1. Pavement markings: 
a. Lane line.-.-A marked longitudinal 

line other than a center line separating 
two lanes. 

b. Center line.-A marked center line 
(geometric medial line) of an undivided 
roadway. 

c. DiMon line.-A line that designates 
the lanes· available for traffic moving in 
each direction on an undivided roadway 
and that is to one side of the center line. 

d. Barrier line.-A distinctive longi
tudinal pavement line which,. when 
placed in proper relation toa center line, 
lane line, or division line, indicates that 
all traffic should keep to the rightof such 
barrier line. 

e. Imert.-'-A pavement marking ac
complished by. setting into or attaching 
to the pavement a material (other than 
paint) . of contrasting color flush or 
practically flush with the surface. 

f . Button.-A pavement marking con~ 
si ting of an inflexible object attached to 
tbe po. ement and projecting above tlle 
surface. 

g. Word . markings.-Word messages 
marked on the paveme.nt to aid ia the 
control of traffic. 

h. Direclional ptllle1M1lt marking8.
Directional lin , arrows, or symbols 
marked on tbe pavement to aid jn the 
control of traffic. 

$. 'J'raJic sign.-A device mounted on a 
fixed or portable support whereby official 
notice is given in the form of words or symbolB, 
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for the purpose of regulating, warning, guiding, 
or informing traffic. 

a. Step sign.-A sign indicating that 
traffic shall stop before proceeding •. 

3. TrajJic8ignql.-A signal, operated manu~ 
ally, electrically, or mechanica1Jy, by which 
traffic is alternately commanded to stop .and 
permitted to· proceed. 

a. Interval.-The time during which the 
traffic indication· of any particular. traffic 

. signal face does not change. 
b. Cycle,-'-The total time required for 

one complete sequence of the intervals 
of a t raffic signal. 

c. Phas6.-A part of the total time 
cycle aUocated " to' any traffic ·llJ.oV ment 
receiving the right-of-way or to any com
blnationof traffic movements re Wing 
the right-of-way imultaneously during 
one or more interval . 

d. ThroU{/h band.-The time in seconds 
elapsing between the' passing of the first 
and the last po 'ble vehicle in a group 
of vehicle moving in accordance with 
the designed peed of a progre8$ive 
ignal system. 

e .. Manual etmtrol.-Ope.ration of a 
traffic signal by hand. 

j .. Atdomatic ,control.-Operation of a 
traffic Signal by an electrical timing 
mechanism. 

g. Trajfic-actuated controL.-A type of 
automatic control which is actuated, 
under specific conditions, by impulses 
from individual ehicles or pedestrians, 
or both. 

h. I ndependent control.-Operation of a 
traffic signal in tallation not in coordiDa~ 
tion with any other signal. 

i . Coordinated eontrol.-Operationof two 
or more traffic control signal installations 
with definlte interrela ion. 

j. Simultaneous 811sL-em.-A signal sy -
tem m which all signals always give the 
same indication to a gi en street lit . the 
same t ime. 

k. Alternat~ 811atem.-A s~gnal system 
in wIDcb alternate signal , or groups of 
signals, gi.ve oppo ite indications to a 
given street at the ame time. 

l. Progreuive syatem.-'-A signal syStem 
in wlrlchthe various signal faces control
ling a given street giv6 00 indications 
in accordance with a timing schedule to 
permit (88 nearly 88 possible) continuous 
operation of groups of vehicles along the 
street at a planned rate of speed, which 
may vary in different parts of the system. 

m. Fle::cible progre8sive ."8t8m,.-A signal 
system in which the intervals at any 
ignal may be independently adjusted to 

the traffic requirements at the intersec
tion, and in which the 00 indioations at 
'5eparate signals may be stllJ'ted inde
pendently at the instant which will result 
in maximum efficiency. 

4. Safely zones and ulands: 
a. Safely Z01UI.-An area or space set 

apart within a roadway for the exclusive 
usc. of pedestrians and which is protected 
or is SO marked or indicated by adequate 
signs 88 to be plainly visible at all times. 

Roud Types: .4 depressed. expressway. 

When the. area 0 set apart is for the pr~ 
tectionof streetcar or bus pas engers, it 
is kno~ n as a wading zOne. 

b. PetleBtNan ieZa/ld.-A. raised safety 
zone. located ,in a cross walk. 

e.. Loading island.-A raiseli.safety zone 
cially provided at .. a regular streetcar 

stop, or at a b1:IS stopwlJ.en such is n ar 
.the middl of the street, for the protection 
of passengers. 

d; Trajfic ialand.- Any restrict d atea 
permanently .located in a roadway which 
providstructurally (or the pby ical 
separation and sorting of traffic streams. 

e. Channelizin(J ieta1w.-A traffic island 
located in a roadway area to conJine 
specific movements of traffic to definite 
channel. 

f. DivieWnal ieland._A traffic island 
so located longjtudinally in a roadway 88 

to aeparat.e traffic streams 1l0wiDg in the 
same or oppo ita directions. (ee alao 
" parator") . 

g. Rof,ary i814nd.~A ·traffic island)~ 
cated in the center .of an intersectioD to 
compel movement in a co@torclockwi e 

Int.ertJeCtion ~pe8: A muhiu:oy inter ection. 

direction and t hus ubstltute weaving of 
traffic a.round the island instead of direct 
era ings of vehicle path ays. 

ro.-TRAFFIC AND TRAFFI OPERA· 
TIO . DEFINITJO 

A.-COmposition of TraJfic 

1. Traffte.-All typ of conveyances, to
gether with t heir load,elther singly or as a 
whole, while using any. roadway . for the pur-
pose of transporta ion 01' travel. . 

a. VehicLe.-Any component of traffic. 
Unless 'otherwise qualified, the term 
vehicle will normally apply to free-wbeeled 
vehicles as hereinafter. defined. 

b. Free-wheeled .veMtle.4Any~. compon
ent of traffic not limited in ita field of 
operation to rails or tracks. 

c. Pau8nger co,r.- A free-wheeled, se11-
propelled vehicle designed lor the traxur 
portation of persons but llinited in seating 
capacity to not more than seven passen
gers. lt includes taxioabs, limousines, 
and station wagons, but does not include 
motorcycles. 

d. CommerciaZ vehicle.-A f~wheeled 
vehicle designed for the transportation of 
cargo other than pas ngers, and broadly 
referred. to &8 a "truck." May be further 
classified as ligh.t-powered, medium
powered, and heavy-powered, and in
cludes tractor-trucks, trailers, and semi
trailers when used in combination. 

e. MoterlnJ8 (bus).-A free-wheeled ve
bicle having a seU-<lontained source of 
motive power (as distinguisbed from a 
trolley coach), d igned for the trans
portation of persons, and having a seating 
capa ity of eight or more passengers. 

f. Trolley coach or trackl688 tro1l61/.-A 
vehicle, designed for the tran portation of 
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passengers, which. is propelled by electric 
power obtained from overhead trolley 
wires, but not operated upon rails, 

g, StTutcaT,-A single self-propelled 
vehicle restricted to operating on rails or 

'tracks and designed for transporting 
passengers, principally within a munici
pality or contiguous area. 

B.-Traffic Operation 

1. Speed.-The rate of movement o( traffic' 
or of specified components of traffic. expressed 
in miles per hour. 

a. Average speed.-The average of 
the speeds of all vehicles at a specified 
point on a given roadway, during a 
specified period of time. 

b. Over-all speed.-The total dis
tance traversed, divided by the total time 
required, including all traffic delays, ex
pressed in miles per honi'. 

c. Average over-all speed.-The 
average of the over-all speeds of all 
vehicles on a given roadway during a 
s pecified period oftime. 

d. Optimum ,peed.-'-'-Thc average 
speed at which traffic must move when 

uft-turn lanes: Jack30n Boulevard at Lalre 
Slwre Dr; • Chi.cago. Provision of three 
left-turn lanet! eruJtbound, one right-turn 
lane etUl tbound, and two loflelj westbound, 
reduces to a minim um the .requisite time 
allotted to turning movements, thus 
affording greater time/or through traffic 
on Lake Slwre Drive. 
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the volume I at a maximum on a given 
roadway. An average s p cd either ap
preciably higher or lower tban the opti
mum will result in a reduction in volume. 
Also known as critical speed. 

e. De.lfln .peed.-A speed selected 
(or purpose o( design and correlation of 
those features of a highway, such as 
curvature, uperelevation, and sight dis
tance, upon which the safe operation of 
-.chicles is dependent. It is the highest 
continuous peed at which individual 
vehicles can travel with safety upon a 
hi,hway when weather conditions are 
favorable, tra1llc density I low, and the 
de Ign feature of the highway are the 
governing condition for safety. 

f. Operatinfl IIpeed.-The highest 
over-aU speed exclusive of stops at which 
a driver can travel on a given highway 
under prevaiUng conditions without at 
any time e xceeding the design speed. 

g~ Speed ditTerence.-The difference 
in the peed of two succe slve vehiel s 
moring In the ame direction. 

h. Al1erage IIpeed d ifference.- The 
average of the peed dUl'erence tor aD 
components of tramc on a given roadway 
during a sp6cLfted period of time. 

Z. Delay.- The time consumed while traffic 
or a pecifted component o( traffic I impeded 
in its movement by some element· over wbich 
It has no control. Usually expre sed in 

econds per vehicle. 

a. Fiud delay.-The deJay t.o which 
vehicles are subjected during light traffic 
volumes or low densities. The delays 
experienced by a lone vehicle as 8 result 
of traffic signals or stop signs 81'8 fixed 
delays. 

b. Operational dela.,. - The delay 
cau ed by tbe Interrerence between com
ponent of tra1Dc:. The dill'erence be
tween travel time over a route during 
extremely low and high traffic volume • 
and the time con umad while waIttng at 
a Slop ilfn for ero tra1llc to clear, are 
operational delays. Time losses re ull
ing from congestion, from interference 

.. with parkin, vebicles, and from turning 
vehicles are al 0 enmples of operational 
delays. 

3. Headway.-The interval of. time be
tween individual vehicles moving in the same 
lane measured from head to head as they 
pass a given point, 

a. Average headway.-The average .of 
the head ways for vehicles on a given 
roadway during a specified period of 
time, 

b. Minimum headway.~The existing 
headway when· successive vehicles are 
moving as closely together as practical 
under prevailing conditions, 

4. Stopping distance: 
a. Vehicle stopping distance.~The 

distance traveled between the point at 
which the driver contacts the braking 
controls and the point at which the 
vehicle comes to rest. 

b. Braking distance.-The total dis
tance traversed bya vehicle while it is 
being brought to rest, .mea ured from 
the position of the vehicle at tbe instant 
the brake shoe touches the brake drum. 

c • . Driver stopping distance.-The 
total distance traver ed by a vehicle 
while iHs being broulhl to r e t, measured 
from the position of the yehlcle · at the 
instant the driver has· an opportunity 
to perceive that he should stop bis 
vehicle as quickly as possible. Includes 
the distance traveled during driver per
ception and reaction time. 

5. Weamng.-The act pet"formed by a 
vehicle in moving obliquely from one lane 
to another, thus crossing the path of other 
vehicles moving in the Sarne direction. 

6. Merging.-Theprocess by which drivers 
in two separate traffic streams moving in the 
same . general direction combine or unite to 
form a single stream. 

7. Volume.-The number of vehicles 
moving in a pecified direction or directions 
on a giveo lane or roadway tbat p. 8 a 
given point during a speciJled period of time, 
viz., hourly, daily, yearly, etc. 

a. Average annual. dailyvolume.
The total yearly volumeqirided by the 
number of days in the year; commoniy 
abbreviated as ADT. 

b. Maximum annual hourly vol
ume.-The bighest hourly volume that 

Road types: A turn-out lane on a freeway 
(New Jersey Route 1(0). The telephone 
booth is well patronized. 
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occurs on a given roadway in a desig. 
nated year. 

c. Tenth highest annual hourly 
volume.-The hourly volume on a gi.ven 
roadway that is exceeded by only nine 
hourly volumes during a designated year. 

d. Twentieth. thirtieth,etc.,high
est annual hourly volume.-The 
hourly volume on a given roadway that 
is exceeded by 19. 29. etc., hourly vol
umes during a designated year. 

S. Densfty.-The number ·of vehiclesoccu
pying a unit length of the moving lanes of a 
roadway at a given instant. Usually expressed 
in vehicles per mile. 

a. Average density.-The aver age 
number of vehicles per unit length of 
roadway over a specified period of time. 

b. Critical density.-The d n it), of 
traffic when the volume.is at the po sible 
capacity on a given roadway. At a densi ty 
either greater or Ie 8 thAn the critical 
density the volume .of traffic will be d -
creased. Critieal density occur wb D 

all vehicles are moving at or about the 
optimum peed. 

9. Variation in ftow.-The fluctuation in 
traffic volume on a given street or highway 
with successive periods of the day, month, 
season, or year. 

10. Traffic pattern.~A tabular or graphical 
representation of the fluctuation in traffic 
volume over a specified period of time, . The 
volume during the increments or time used 
in the pattern may be e."I.-pr sed numbers 
of vehicles or as the percentage which t hes 
numbers are of the av rage number for all the 
illcrements covered by the pa tern . D ifferent 
fllocilities .rnay be said to have like traffio pat
terns if identical curves result· when traffio 
volumes are shown as & . percentage of the 
average vol111ne for the period coveted by the 
pattern. 

a. Daily traffic pattern.-- A.trafflc pat
tern wherclD traffic volumes for each or 24 
consecutiv hours are shown. If th 
period of time is extended to include 16 
consecutive hours it is termed a daily 
traffic pattern for 1 week. In like manner, 
daily traffic patterns for 1 month, 1 year, 
or any other period of time maybe .ob· 
tained. 

RQ6.d tY Tle : In ter8e ',;.or, on lin. e:J;pre8l1way 
at grade having an added lurnin t lane jor 
lejt-turning vchi les. parated Ltlrning 
lanesjor right-turning vehicles are vi ible 
at the lejtoj the picture. 
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jrontage road.. 

b. TVceklll traffic paltern.- A traffic pat
tern wheJ;'cin daily traffic volwne for 
each of 7 consecuti e days are hown. 
If the period of ime i extended to include 
30 consecutive day the po. tern is termed 
It weekly Irajfic patLern JOT 1 month, and 
if volumes 'for 365 con eeutive days are 
shown it is termed a weekly traffic pattern 
fort year. 

c. SeaslJnal traffic paUern.-A traffic 
pattern wherein the average daily traffic 
volumes for each of several consecutive 
months or seasons, as may be specified, 
are shown. 

d. Yearly traffic pattern.-A tabular or 
graphical array of all the hourly traffic 
volumes in 1 year arranged in descending 
order of their magnit ude, either as numer
ical values or as percell tage of the t raffi c 
on the average day. 

IV.-LAND USAGE AND DEVELOPMENT 
DEFIl'oi'TIO S 

1. Development: 
a. Business development.-Landoccu· 

pied predominantly by establishments 
used in the transaction of business; 

b. Residential development. - Pr.operty 
which is in the main improved with resi
dences. 

c. Park: development.-Land~ which is 
dedicated, maintained, and u ad for 
recreational purposes. 

d. Agricultural development.-Culti-
vated lruld used for producing agricultural 
products. 

2. Area or locality: 
a. Urban area.-The area inc111d d 

within and adjacent to a muni ipality or 
other urban place of 5,000 or more in 
population. 

b. Downtown area.-That portion of a 
municipality in and urrounding a bu 1-
ness deve10pm nt wb ra ordinruily tb re 
are large numbers of pedestrians and a 
heavy demand for parking SPlice during 
periods of peak: traffic or a sustained high 

pedestrian volnme and a continuol! ly 
heavy demand for parking SpllCO during 
bu ines and lodu tria.l employment 
hours. Tbi .. definition appli to indus
trial and busin areas outside of, well 
as those withiD, the centra.l par of a 
municipality. 

c. Intermediate aroo.-That portion of a 
municipality which is outside of a down~ 

town area but generally within· the zone 
of influence of a business development, 
characterized by moderately heavy pedes
trian traffic and a somewhat lower park
ing turn-over than is found in a downtown 
area. 

d. Outlying area.-A residential de
velopment, or a mixture of residential 
a.nd commercial establishments, within 
the outer fringe of a metropolitan ar.ea, 
characteriz d by few pedestriaus anda 
low parking demand or turn-over. 

e. Rural area.-Any area not within a 
town, city, or metropolitan area. 
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Sight distance __________________________________ . ___ __ 208b 

Pasalnlt _ ________________________ ._. ____________ •• 208c 
'R trleted---_____ . ___ . ______ .• ___________ •• _._._ 208c 
R estrlctlve _____ • .• ____ • _______ • __________ • __ .C_ _ _ 20&: 
Stopplpg-. __ ~ ____ • __ • _________ • _________ . ____ _ _ __ 208c 

Sign: Stop ___ , _______ • __ _______________ • ___ . ___ ._ •• _____ 209a 
Tramc _____ ._ . ____ _ • ________________________ • __ • __ 208c 

Si'ZIlal. tTWfic _________ ~ ______________________ ~__ _____ 209/1 

!$~~~~~~~::::=::::=::::::=::::=:=::=:::::: ~~ A. Vemg8 _________________ • _____ •• ______________ • __ 2104 
Critical (8ee Optimum speed) ___ ; •• _____ ._________ 210b 
Design __________ • _____________ • ____________ •• _.__ 210b 
Operating ______________________ • ____________ .____ 210b 
.optimnm- ______ -. __ • _________ "_. _____ • _______ •• _ 2104 
Over-alL _____ ___________________ • __________ .•. ___ 210/1 

Speed change.area ____ ______________ , ___________ •• ____ 206c 
Speed dlIference __ ______ ________________________ _ • ____ 210b 

gf:~~~~~~:~=:::::::::=:::=:::::::::::::: ~E Vehicle __ • _______ • ____________ • __ • __________ __ ."__ 210e 
Stopping sight dlstance ________________ • _______ .~.____ 208c 

g~ff,!eROad5::::::~:::=:==:::=:::::::::::::=::::: = LocaL_ _________ _ _ _ __ _ _ __ ______ ________ _ ______ ____ 206a 
Major ___ -------- _____________ __ •. - __________ ._ __ __ 206a 
Through ____________________________________ •• ___ 206a 

Streetcar ____________ .---------------.----------.------ 2104 
System: AJternete.. ____ .___ _ _ _ ____ _ __ ___ _ ____ ____ __ _____ ___ _ 209/1 

F lexlbf progresslve ____________________ ______ .____ 209a 
Progressive ___ , ________ , _______ . C_ __ _______ ____ ___ 209a 
Slmultaneous. ___ • ___ • _______________________ .____ 209/1 

T intersection (ut Three-waylntersection) ______ ,. ___ , 
Tenth highest annu41 bourly volume ________________ _ 
Thlrd lane (8ee Second lane) ____ _____________________ _ 
T'hlrtl U1 h\Jhest annoal hourly volume _______ ___ •• __ 
T hreo-Iane rose!. ________________ • __ ---- ---------. -.--

~=~a~~~:::::=:=::::=::::::==:=:=:::=:= 
Throngb street or T hrough hlgbway ____ .• _____ ". __ • __ 
' 1'rackJess troUey (see Trolley coach) __ c ________ _ • _ ___ _ 

TrnfIIlI __ .. . _ - _______ --_. -- -- -.- -- -- --. -- ----------. ---' 
TtaIl1c·actnaled oontroL ____ ----- - -- ----.----.-- -. ----Trafflo clrcla (IU Rotary interseetJon) __________ • __ • __ 
TnlIllo oontrot device . . _____ -___ • __ , --- ---------- -----
TratlJo InterchaDge ________________ • ---- --- ---- --.- ---
Traflie l5Iand ______ ~ _____ -_____ -- -- --- -- -- -- --- --- •• --
TraJIlc Jane ______ , ___ •• _ - --.- -- - - - ------- -.-- '--- - ._-- ---Trafllc pattern- ______ __________ _________________ •• _._ 
TraflIc sign. _________ • __________ • __ -- ------ ----- -.-- --

:f:Jre~ =~:=::::==:::::=:::=::=: : ::::::==::::::::: Trolley, trackless (see Trolley coach) ________________ _ 
Turn: Entrance __ " _______ _______ c ___ • ______________ • ___ _ 

~~r~~~~~~~~~:::::::::::::::::::::::~:~:~:~:: 
Separated ___________ - ---_ --- -- --- -- ----- - -- --- - -. 

Turn-ont lane ____ _ • __ ______________ ----------- - ------
Twentieth highest annual hourly volume __ • ______ ___ _ 
Two-way road __________________ __ . __ -- --- ---- - -- -- - --
Two-lane road_ . ________ ---- ---- -- -- - --- ---- -- - --. - ---
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Part H.-Maximum Observed Traffi~ Volumes 
Introduction 

One method for determining the load-carry
ing ability of a machine or material is to apply 
stresses in successive increments of known 
quantity until the item being investigated is 
no longer able to support the burden imposed 
on it. In the industrial laboratory the 
strength, or capacity, of a test sample is usually 
determined by loading it to destruction, the 
greatest load it will support being its capacity. 
The highway engineer has at his disposal a 
comparable means for measuring the . ability 
of a roadway to accommodate traffic. His 
laboratory extends throughout the country 
and his test samples are the many sections of 
highway that are repeatedly exposed to the 
maximum load they can possibly bear. \ His 
tools are a simple traffic counter and a time
piece. Because this is perhaps the earliest 
applied of all methods for studying highway 
capacity, it is fitting that some of the results 
obtained by this means be introduced early 
in a discussion of the subject. 

The analogy between the laboratory and 
the highway fails in one very important re
spect: In the laboratory the conditions under 
which the test is made can be carefully con
trolled, whereas the traffic engineer cannot 
readily alter: either the roadway or traffic 
conditions that are prevalent during his test. 
He must note these conditions and make 
compensatory adjustments for the deviations 

Arlington Memorial Bridge,Washington, D. C.I..ow-speed approaches, lanes less than 12 
feet wide, and high curbs limit the possible capacity of this roadway to about 4,000 
vehicles per hour in one direction. 

from "standard" if his results are to be of any method have met with varying degrees of 
value. Because of failure to. do this or to success. 
make similar adjustme!1ts in later applications 
of the data, the results obtained by this Two- and Three-Lane Roads 

Table 2.-Mw:imum observed hourly volu.mes on two-lane roadS 

Route and location 

Colorado St. Bridge, PBSadena, Callf ______________ • _______ __________ . ___ _ 
Sumner Tunnel, Boston, MfISS _________________ . __________ • ______ .. ____ .. 

tOg!, 'U'~h~!~~l':: ii~: ::::::::::::::::::::::::::::::::::::::::::::: lJ S 45, Lihertyvllle, lll. (~1 m.p.h.} __ • ________ _____ _____ __ . _____________ . 
Lincoln Tunnel (1940), New York ... ___________ • ____ . _________ . ______ ._._ 
US 1, Old Lymc. Conn . . . . __________________ . _____________ . ___________ _ 
US 27, north 011et. Routf' 21, Mich. _______ __ ____ ______ ____________ . ____ _ 
US 6. West H~rtfor<l, Conn ___ _ __ . __________ . ___________________ • ___ _ 
Statt' Ront<> 17, northwest of Goshen, N . y ____ . __________ ... ________ . __ ._ 
Shirley ITio;hway IOetoh<>r )Q#), Ht OIelle Road. Va. (27 m.p.h.)_. ______ _ 
Baltimore-Wa"hlnmn Bh·d .• Maryland .. ______ . _____________ __ ___ . _. ___ _ 
State Ronte 9, Mlddlntown. Conn __ ____________________ . __ __ ________ . ___ _ 
L &- N Bridge, Cincinnati, Ohio. _____ • __________________________ ________ _ 
US 285, near Stale Route 75, Denver, Colo ______________ .. ___ ____ _______ _ 
Statt' ROllt<> 87, Favetteville, N. C ___ . ______ . __ ... _. __ . _. ______________ ._ 

Average 
lane width 

Fe'f. 
14.0 
10. 8 
11.5 
10.0 
9.0 

10. S · 
11. 5 
10.0 
10.0 
10.0 
12.0 
10.0 
10.0 
7.0 
9.0 

11.0 

Vehicles W laDe per hour 

In one lane 

1,710 

1,400 

1,510 
1,152 
1,135 

1,251 

1,127 
988 
Sa6 
750 

Average for 
all lanes 

1,215 
1,200 
1, 350 

944 
904 

887 
850 
830 
801 
752 
751 
714 
575 

Table 3.-Maximum observed hourly volumes on three-lane roads 

Route and location 

State Routt' :15, Laureuce Harbor, N. L_. _____ __ . _____ . __ . ______ _______ _ _ 
.State Route 27. Rahway, N . J . _____ _____________________________________ _ 
St ... te Route 27, West Scott Ave.,.Rahway, N. 1. _________ . __ _________ ___ _ 

. r~~,R~~'t:~~,Mua: County;-N':i:::::::::::::::::::::::::::::::::::::: 
State Route 42, ClUllden Connty, N. 1 ________ __ __________ _ .. _______ . ____ _ 
US 40. Richmond. Calif . _ .• ___________________ • ___ . ______ . __ ______ __ ___ _ 
Statp Route 17. Carlstadt, N. J _______________ ___ __________ . _________ ___ _ _ 
US 101. OC('.anside, Calif . _. ___________________ • ____________________ ____ _ 
State Rontf' 3, Quincy, Msss __ _____________________________ . __________ . __ 
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Average 
lane width 

Feet 
10.0 
10.0 
10.0 
10.0 
10. 0 
10.0 
10.0 
10.0 
10.0 
10.0 

Vehicles per hour 

In one A verage for 
direetlon . alllanes 

2,250 1,021 
1, 005 761 
1,814 724 
1,li2tl 664 
1,511 757 
1, .3111 664 

653 
1,197 633 

632 gro 668 

Tables 2, 3, and 4 show the maximum 
hourly volumes that have been observed on a 
number of important highway facilities when 
the traffic flow was continuous. In each 
table the maximum traffic volume for one lane 
and for the average lane is shown. Values 
under the heading" In one lane" represent the 
maximum hourly volumes recorded for a single 
lane, except that for three-lane roads they 
represent the maximum hourly volumes for 
one direction of travel. The" Average for all 
lanes" is for both directions of travel on a two
or three-lane roadway and for all lanes in one 
direction of travel on a multilane roadway. 
The highest observed volume for one lane may 
or may not have occurred at the same time 
as the highest observed volume for the average 
lane. 

The highest volume recorded for a two-lane 
roadway is 1,350 vehicles per lane in the Posey 
Tube at Alameda, Calif. A maximum volume 
of 1,710 vehicles in one lane has been observed 
on the Colorado Street Bridge in Pasadena, 
Calif. The roadway width of the latter is 
28 feet and therefore might have been used, 
to some extent at least, as three lanes. Several 
other two-lane roadways have accommodated 
volumes exceeding 1,000 vehicles per hour in 
one direction but, as far as is known, these 
two facilities . and the Sumner Tunnel are the 
only two-lane . facilities that have accommo
dated an average of more than 1,000 vehicles 
per hour per lane or a total volume exceeding 
2,000 vehicles per hour. 

2U 



I/.Or Drive, Chicago operating with 
s ix lane in the direction of heavier traffic 
rnoveme l1 t. . parator bet en. pair of 

. lanes can. be raiMNl or lowe r d at ulill, t hus 
affording greo l. flexibility in mee ting 
·trajJi need during various per.ioos of t h e 
day. 

Particillar attention is called to the . volume 
for the Baltimore-W hiogton Boulevard 
shown in tablo 2. ev 1'11.1 articles on hlghway 
capacity iocorrectly rePort that 1,502 vehic.le 
·perlane were observed in 1 hour on till 
facility when it wa a two-lane road. Exami
nation of the original material reveals, how~ 

ever, that this figure was the total for both 
lanes and not for each lane. Similarly, many 
articles show the capacity of the Holland 
Tunnel as 2,000 vehicles per lane per hour. 
Actually, the Holland Tunnel has never carried 
more than a total of 2,505 vehlcles in two 
lanes, or an average of 1,253 vehicles per lane 
per hour, as shown in table 4. Since each tube 
of the Holland Tunnel is a two-lane, one
directional facility, it is classed as a four-lane 
road. 

A special attempt was made to obtain counts 
showing high hourly volumes on three-lane 
roads. Only one example was found, how
ever, of a three-lane road with a peak hourly 
volume exceeding 3,000 vehicles, or 1,000 
vehicles per lane per hour. On many t hree
lane facilities, average annual volumes in 

. 'excess of 12,000 vehicles per day have been 
recorded. In one case ~he annual average 
24-hour volume was. 19,040 vehicles per day. 
Even with these high daily volumes, however, 
the maximum hourly volumes shown in table 3 
have not been exceeded. 

Multilane Facilities 

Only two multilane facilities, U S 1 near the 
airport at Newark, N. J., and Grand Central 
Parkway, New York City, both with four-lane 
divid~d roads, have been reported as accom
modating in excess of 2,000 vehicles per lane 
per hour (table 4). 

The Outer Drive in Chicago is one of the best 
illustrations of high lane capacities on 'a road 
with a total of more than four lanes. It 
carries in the neighborhood of 1,5()() vehicles 
per lane per hour nearly every day during the 
afternoon rush period. Maximums of 1,958 
vehicles per lane when operating with four 
lanes in each direction and 1,640 vehicles per 
lane " when operating with six lanes in one 
direction have been recorded. 
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Maximums Cited Are Ex eptional 4,227 vehicles in one direction, or an average 
of 1,409 vehicles per lane. 

The volumes shown in tables 2, 3, and 4 
are; in most cases, the possible capacities of 
those particular facilities. They are maxi
mums that have been recorded only once, 
although the traffic demand has probably 
been sufficient to reach or exceed these same 
volumes on many occasions. Compared with 
a laboratory test of a number of identical 
samples of steel, these traffic counts corre
spond to the one te"t sample that would yield 
und l' a heavier load than all the thers. 
T raffic on Memorial Bridge in asbington, 
D. ., for example, has been counted innu
merable tim "hen the rid@" \\ a unable 
to ac ommodate the approaching volume of 
traffic, thus causing traffic to back up 00 the 
approaches as a result of cong tiOD on or near 
the . bridge. During hundreds or uch obser
vations this bridge carried no more than 3,000 
vehicles per hour in one direction, or an aver
age of 1,200 vehiol p l' lane. On on occa
sion, however, and on ly on ooe occaSion as far 

Furthermore, the data included in tables 
2, 3, and 4 were selected as the highest group 
of hourly volumes from a much larger list 
showing maximum observed volumes for 
facilities that, in the judgment of the observer, 
were loaded to their capacity. It would 
therefore be technically unsound to assume 
that other facilities with a comparable number 
of lanes would have the same capacities as the 
highest orcven the average of these few 
isolated examples. 

is known, this bridge carrl d a total of 

The mAximum observed volumes are shown 
primarily to acquaint the reader with the peak 
traffic that has been carried on some of the 
more .hea vily traveled routes throughout the 
country. They are also intended to illustrate 
the wide range in capacities of facilities 
seemingly alike in type but actually having 
wide differences in their physical as well as 
traffic characteristics. The reasons for these 
wide differences in capacity will become more 
apparent as the subject is developed in suc
ceeding chapters. 

Tabl 4.-Mo.r;mum ob er lled Itoltrly volumes ;n one direction on multilane roads 

Route and location 

FOUR·LANE ROADS 

US 1, .Newark Airport, N. J._. _______________ .. _ .. ____ __ •. ________ _ . ___ ._ 
Ol1mD Contral Parkway, west of Parsons Blvd., N. Y_ . _. __ . ___ . __ . ___ • __ 
US 73 and 75, Omaha, Mehr. (34 m.p.h.l _________ . __ ._ . _ ... _. __ ._ ... __ . __ 
Oross Bay B lvd ., Queens, N. Y. ___ • __ .. ___ ... _ . • ____ •• _._ ... _____ ... ___ _ 
Esp HIWWllY, St. Louis, Mo ... ___ ...... __ . __ . _ .. • _ •.. _. ___ .. __ ..... _ 
FourUlelltb St. Bridge, Wasnington, D. C. (Zl m.p.h.) •.... ___ ._. __ . __ ... . 
Qooonsboro Bridge, upper roadway, New York, N. Y._ .. __ ._._. __ . __ .. __ 
IfUllliaoRlghway, at Cross Bay Blvd., N. Y ____ . . _ •.. __ . __ .. _ .... __ . __ ... 
Outer Drive, Oblcago, IIl. _ .. ______ .. ____ _ .. . __ __ .'. _ •.. _ .. _____ ... _ .... __ . 
SouUJaon 8tat~ POlkway, Troopers Lodge, N. Y ..• _ ••. _._ .... _._ .. _._. __ _ 
Rolland Tunncl~ _~ew York, N. Y. (28 m.p.h.) ___ .. ~ _ ._ .. ___ .. ___ . _____ _ _ 

:~n ?t'::frld;.~*~:'~~;k,NN\;::-'-.---.' .. '-'.'.-.-.---'---'. '-'.'-
xi£::::l::;::::::::::::::::::::::::::::::::::::::::::::.::::::::::: 

Morrltt FOllcway, Oreenwich, Conn __________ . ____ ._ •• _ •• __ •• , ______ . ___ _ 
ort.bem State Parkway, Troopers Lodge, N. Y_. __ •.•..• ___ • _____ •• ___ _ 

Broad sy Bnd e, r ortlandt.Oreg-.------.--.---- -- ---.----.-------------WUlllUllSbura Bridge, New xork, N. Y _____ . ___ . __ . __ . _. __________ ______ _ 
U .820, Oldani, M _ ___________________ . ___ . _____ .• _ . . ____________ . _____ • 

FIVE·LANE ROADS 

Superior Bridge, Clevelan!iJ Ohlo_._. _______ ._ ... ___ .. __ ._ .. _. __ ._. ___ . __ . 
Queensboro Bridge, New xorlr. N. Y.: 

Lower I'OOdway, two lanes one-way ___ . __ ._. _____ _ . _. __ . __ .. . _____ .. __ 
Lower roudway, three lanes one-way._._ .... _. ____ __ . __ .. ____ .. _ ... _ .. 

Brr·L.u<lC ROADS 

Henry B ulbon Parkway, Ne lv York, N. Y _____ . _______ . ___________ ._. __ _ 
Oakland Bay Bridge). San FroncJsco, Calif. _________ ___ ______ ____ _______ _ . 
Leif·Erlksen Drive.L.uhicago, TIL __________ ____ • __ • ____ • __ ,-----.-.---.--. 
M c.marlal Bridgo (00 m.p.h.) WasWngton, D. C. _________ • _____ .. ______ .. 
Arroyo 8e<lo P arkway, Los Angele.sJ Calif __ . • ___ ___ _ ._. _____________ ._._._ 
Gaorae WIl8h1ngton Bridge, New x ark, N. Y _______ _____________________ _ 
!>etawore "River Bridge, Camden, N. J. (four lanes one-waYl _. __ . ___ ._._ .. 
~r:lor Brld 82:5 m.p.h.), Cleveland, Ohlo ___ ._. _____ ___ ._" ___ _ ... _., 

X~~~~~'CJ!,.1:l!.~~:t:!~·:~==:::::::=::=:::::: : ::::::::::::::: ::::: 
B1ll1l8ide B~ge, Portland, Oreg ___ .. ____ ._ .. : .. __ ._._ ... _, ___ ___ ___ .. __ _ 

~~Jion ~~'::~:Deiioit;'Micti:::::::::::::::::::::::::::::::::::::: 

EIGHT·LANE ROADS 

Outer Drive (37 m.p.h.), Chicago, IIl. _____ _______ . ___ ._. __ .• ___ __ . _ ... __ _ 

~~~sr~~3~3f"J:~:iI.5::::::::::::::::::::::::::::::::::::::::::::::: Third lane (40 m.p.h.) ____ . ______________ _ .• ________ . ________________ _ 
Fourth lane (40 m.p.h.l ________ .. ____ .. _._. __ __ ___________ . ____ .. _____ _ 
SU Janes one-way ___________ ._ ... ____________ ._. _________ ___ ._. ______ _ 

Figueroa Freeway, Los Angeles, Calif ________ ___ ._ •• _____ ____ ._._. ______ _ 

Average lane 
width (feetl 

12.4 
H.O 
11.0 
8.0 

10.0 
11.25 
10. 0 
11. 25 
10.0 
10.0 
10.7 

11. 25 
8.75 

13.0 
10.0 
10.0 
10.0 
10.0 

10.0 

10.2 
10.2 

11.0 
9.7 

11.6 
10.0 
10.7 
8.0 
9.4 

10.0 
12.5 
9.5 
9.3 

10.0 
11.3 
11. 0 

12.1 
12.1 
12. 3 
12. 5 
11. 7 
11.25 
10.0 

Vehicles per lane per hour 

In one lane '1 A v'erage for aU lanes 

1,956 
1,620 
1,861 

1,395 

1, 404 

1,884 

. 1,720 

1,530 

·-·i;098--
1,111 

·--i;oia--

7, 166 

-·'Ti74"" 

2,275 
2,194 
1,763 
1,566 
1,543 
1,508 
1,488 
1, 3liO 
1,349 
1, 264 
1,253 
1,246 

1,226 
912 

1,158 
1, J.86 
1,088 
1,061 
1,042 

I,M7 

1, 292 
1, 195 

1,666 
1,538 
1,435 
1,409 
1,367 
1,320 
1,285 
1,241 
1,118 

938 
003 
768 
746 
678 

1,958 
1,519 
2,lM 
2, 081 
2,077 
1,640 
1,463 

'The maximum in this lane occurred when the average lane carried only 1,681 vchJclC! \lftr hoLlr. 
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Part III.-FundamentaIs of Highway Capa~ity 
Introduction 

The subject of street and highway capacity 
is not readily understood without a knowledge 
of the various factors which, either singly or 
in combination,affect the movement of ve
hicles. Principles of physics, dynamics, 
hydraulics,and the laws of various sciences 
have been applied from time to time to· the 
movement of traffic with varying degrees of 
success. Although some of these laws are 
pertinent to traffic flow, a thorough knowledge 
of traffic movement has required the develop
ment of new principles. 

Relation Between Speed and Basic 
Roadway Capacity 

Using the data shown in figure 2, it is possi
ble to determine the maximum number of 
passenger cars, one behind the other, that can 
pass a point in 1 hour at any given speed if 
this given speed is maintained.by all vehicles. 
This is shown by figure 3. These curves have 
numerous practical applications if used cor
rectly. Under actual operating conditions it is 
possible to attain the traffic volumes shown 

220 

200 

for two-lane road in one of the two lanes, but 
only upon the condition that there is no on
coming traffic in the otb r of the two lanes. 
Where traffic is mo ring 10 both directions on a 
two-lane road the combined volume in the 
two lanes may equal the value shown in 
figure 3. In fact, the total traffic olume over 
a section of two-lane, two-way road more t han 
a few hundred ~ et long cannot exceed 2,000 
vehicles per hour regardless or lbe distribu
tion of traffic by directions. Likewl e, the 
traffic volumes shown for thre -lane roads 

220 

/ 
200 

Few drivers, if any, operate their vehicles 
in identically the same manner or react 
exactly the same under similar conditions. 
It is impossible, therefore, to predict the effect 
of various roadway and traffic conditions on 
an individual driver. It has been found, 
however, tlutt the .combined effect on traffic 
as a whole · cn.n be predicted · with reasonable 
accuracy. This ci:.aptel' is devoted t o a Cew 
of the principles of traffic flow wbieh relate to 
highway capacity. 

2 LANE HIGHWAY AT NIGHT 
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All drivers do not maintain the same .dis
tance 8pacing to the vehicle ahead when trail
ing at a given peed. Ill fact,the same driv.er 
in congested. traffio will follow ~t different 
distances depending on the . surroundings and 
his ability to matchth~ peed of the preceding 
vehicle. Figure 2 shows the m~um distance 
i>Jlaeings allowed.by the a"erage ·driver .at 
different speeds for.1I. fe,,- conditions. Similar 
curves based on thousands or observations for 
othercooditions .could be presented. The 
curves in figure 2 are, however, sufficient to 
show that the average driver increases the 
distance spacing between vehicles as his t:!peed 
increases and that the spacing is also in1lu
enced by the characteristics of the highway. 
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Figure 2.-Minimum spacings allotred by the average driver when trailing another vehiCle, 
at various speeds. 
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can be attained in only two of the three Janes. 
In the case of four.Jane roads, however, it is 
possible to attain the volumes as shown by 
figure 3in each of the traffie lanes d urio. the 
arne time period. 
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I 
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SPEED OF ALL T~.AF fIC-MILES PER HOUR 

50 55 60 

Figure 3.-Maximum capocity of a. trajJic lane. based on average IJpacings between poirs 9.1 
vehicles traveling at the same speed. 

The rela.tioll between average peed and 
traffio volume as shown by figure 3 holds true 
in actual prtlctice. The hlghe t volumes per 
lane occur on roads where vehicles travel be
tween 30 and 40 mUes per hour al the time 
the road are a~commodatiollheir maximum 
po Ible eapacitIes. For example, a two-lane 
road that lutndles its nigbest po 'ble capacity 
when th vehicle ar traveling 15 miles per 
hour will have only tbroo-fourths th capacity 
or a road bat h&ndle its po ible capacity at 
30 mil per hour. Likewise, the road that 
handl s i po ible capacity at 30 miles per 
hour will only be able to handle half as much 
traffic whenever some abnormal condition 
oauses the drivers to reduce their speeds to 9 
miles per hour. Any traffic variable or any 
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Figure 5showff this relation for two typical 
rllial conditions; The same relation bt>tween 
average speed and traffic volume is applicable 
to routes through cities, inCluding streets with 
traffic signals, provided that ·the traffic densi
ties do not exceed those that occur when the 
facility is accommodating its possible capacity 
and provided also that other influencing 
factors are constant. 
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When the average speed is reduced as a 
consequence of an increase in traffic volume, 
the speed distributions cha.nge in the manner 
shown by figure 6, which illustrates conditions 
observed on a typical high-speed highway. 
This set of curves shows tha.t . when the dis
tributionoC speeds and the average speed are 
known for a particular traffic vo)umeon a 
given route, it is possible to predict with a high 
degree of. accuracy the speed distributions 
for other average speeds . 

Difference in Speed a Criterion oj 
Possible Capacity 

o 
o 10 I~ 20 2~ 30 3~ «l 45 70 

The range in the speeds of individual ve
hicles, at a point where the traffic flow is not 
irlterrupted by traffic signals, decreases 'wifh 
an increase in traffic volume as shown by 
figure 6. With little traffic on the highway, 
drivers travel at their desired speeds. Ai> the 
traffic . volume increases, individual drivers 
are affected more and more by · 6t~er .traffic. 
The high-speed drivers obviously are affected 
to a greater degree than the lower-speed drivers. 
When the traffic volume becomes high enough 
to prevent the high-speed drivers from passing 
the low-speed drivers, all traffic must move at 
approximately the same speed and the average 
difference in speed between successive ve
hiCles will approach or become zero. When 
this occurs,the traffic volume has reached the 
possible capacity of the particular facUlty 
under the prevailing conditions and the num
ber of vehiCles per unit Itmgthof highway_ will 

SPEeD-MILES PER HOI/R 

Figure4~-Frequency distribution of travel speeds of free~moving vehicleS on lever, tonsent 
sections of two-lane rural highways. 

r.oadway condition that prevents vehitlesfrom 
moving safely at a speed of 30 miles per hour 
lowers a roadway's capacity. A traffic density 
exceeding the critical density is one of. these 
conditions. 

Drivers' Desired Speeds 

Drivers are influenced in the selection of 
their vehicular speeds by a large number of 
variables, such as the condition of the surface, 
the traffic density, the length of trip, the con
dition of their cars, and their own individual 
idiosyncrasies. When traffic and roadway 
conditions are .suchthat driver can travel at 
whatever speed they desire, there is always a 
wide range in the speeds at w:hich the varlo1lS 
individuals operate their ears. This fact is 
illustrated by the typical speed distribu tion 
curves shown in figure 4. 

Average speeds higher than those shown in 
figure 4 have been recorded, particularly on 
rural multilane highways in the West and 
Midwest, and at one location ari average speed 
of 58 miles per hour for passenger . cars has 
been reported. It is uncommon,however, for 
the average speed to exceed 50 miles per hour 
even during very light traffic densities. Re
gardlessof what the average. speed may be, 
the. general shape of the spee~ distribution 
curve for free-moving vehicles will be about 
the same as forthe curves shown in figure .4. 
It is evident froDl this information that com
paratively few passenger-car drivers desire to 
traveL at speeds .which equal or approaclt the 
potential speeds of their vehicles even under 
the most favorable highway and traffic con
ditions. 

Effect of Traffic Volume on Speed 

Prior to the development of equipment for 
accurately meslmring the relation between 
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speed and traffic volume, it was commorily 
assumed that at some traffic volume below the 
possible capacity of the street or highway · a 
slight increase in traffic volume wQuld cause a 
marked reduction in the average vehicle speed. 
Had this umption been correct, it wowd 
have provideda.n ideal criterion by which ,to 
determine practical capaCities. Investigati6ns 
conducted on ail extensive scale have definIte
ly shown,however, that there is a straight-line 
relation . between traffic volume and average 
speed when other conditions are identical and 
the critical traffic density is not exceeded. 
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then equal the critical density {or that .highway. 
I{ the traffic den ity continues to increase 
there will be a marked reduction in peed 
with the resuJt that Lbe traffic volume, which 
is the product of the den ity and the s peed, 
will be lowered below the highway's possible 
CApacity. 

E xtensiv tudi s have shown bat .on facili
ties where dri ers are rwt influenced by speed 
limits, the average dift'erence tD speed between 

uisting highways. 

ucce she vehiclea decrease as a traighl 
Une relation with an intre e in traffic volume 
untO the tramc volume feache the facUlty 
pos ible capacity at the critical density. This 
finding has mad it possibl to determine h 
elIect that various highway feature and traffic 
conditions have on the po ible capacities of 
clifferent types oC highway [acilitie . It is alo 
possible to predict, with a high degr e of ac
curacy, the capa,city of a. particular facility 

Vehicles s t.opped or tonding on the patlement not only deprive other trojJic of a usable 
portion of the roadUlClY, but by coWling a reduction in speed of troJlic t~ lower the 
capacity oj the rema.ining lanu. 
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without waiting until that facility bec mes 
congested. This is accomplished by plotting 
the av rage difference in speed during a ery 
low traffic density and during a somewhat 
higher traffic den ity on a graph, using the 
traffio volume and the m ean d ifference in 
speed between successive vehicles as the co
ordinate scsles.A straight lin going through 
,these poiDts and extended to tho point at 
which the speed difference is zero will indicate 
the t raffic volume representing the pas ible 
capacity. 

Turn-out liJnell permit bWlIIU to stop toit" 
little or no interference with ot.her traffic. 
ThiB one mi,ht well have been 0 little 
wider. 
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Figure 7.-Speeds and speed differences on a typical jour-lane divided highway. 

When calculating the mean difference in 
speed between successive vehicles, the speeds 
of individual vehicles are first separated by 
direction of travel and then arranged in the 
same order as that in which the vehicles 
passed a given point on the highway, regard
less of the number of lanes for each direction 
of travel. . The difference in speed is then 
calculated for pairs of vehicles using each 
vehicle -first as the following ehicle and then 
as the leading vehicle. The ctiJJerences are 
then averaged arithmetically, disregarding 
the algebraic signs. ' 

For two-way, two- and three-lane roads, be 
means for the two ctirections are averaged by 
weighting according to the number of vehicles 
n each direction of travel. For multilane 

highways, the mean difference in speed for one 
direction of travel is never combined with the 
corresponding value for the other direction be
cause the resulting figure would be meaningless. 

Relation Between Speed and TraffIC 
Volu m e 

The cause of traffic "tie-ups" . or the sudden 
occurrence of complete congestion on a facility 
can be explained by employing the average 
difference in speed in combination with the 
relation bet ween speed and volume ' as shown 
by figures 3 and 5. The change in the average 
speed and the change in the mean difference in 
epeed between succeaaive vehicles with an in
creaae in traffic volume on a typical four-lane 
djvided highway without a epeed limit are 
shown by the solid lines of figure 7. Curve 1 
_shows that the average ctiJJerence in speed 
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between successive vehicles decreases as a 
straight line with all increase in traffic volume 
until at a total volume in one direction of 3,000 
vehicles per hour, the possible capacity of the -
two lanes, all vehicles are moving at the same 
speed. 

Curve 2 shows that the average speed also 
decreases from 48.5 to 32 miles per hour wi~h 
the traffic volume increasing to 3,900 vehi.oles 
per hour. On similar highwaYB with an en
forced speed limit of 50 miles per hour the aver
age speeds and the mean difference between the 
speeds of successive vehicles for the iow traffic 
volumes would be as shown by curves 3 and 4. 
That is, for volumes under 1,750 vehicles per 
hour, the speed limit would have a greater 
effect on speeds than would the traffic densities . 

Possible Range of Speeds for Each 
Volume 

Curve 5 is based on the combined volumes of 
the two curves shown in figure 8 for four-lane 
highways. It represents the lowest possible 
speed of traffio if the two lanElf\ are to &CCom~ 
modate the various total traffic olumes. For 
example, with a total volume of 2,000 vehioles 
per hour in the one direction, the average 
speed of traffic could be anywhere between 10 
and 40 miles per bour. With an average or 40 
mUes per hour, there would be a wide distri
bution of speeds, whereas if the average were 
10 miles per hour all vehioles would be moving 
at approximately the same speed. Should 
80me conctition cause traffio to slow tc> less than 
10 miles per hour, the traffic capacity of the 
highway would become less than 2,000 vehicles 

per hour and traffic would immediately become 
badly congested. The intersection of curve ' 5 
with curve 2 at point Brepresents the maxi
mum possible capacity of the r(ladway under 
the prevailing conditions and is the maximum 
volume that can occur with & zero difference in 
speed between successive vehicles. The dis
tance between curves 2 and 5 is a ctirect meas
ure of the range in average speeds that can 
occur at the different totaL traffic volumes. 
The various distanCes are therefore a relative 
measure of the safety factor present to prevent 
the occurrence of complete traffic stagnation . 
Any point representing the relation between 
speed and volume must fall within the area 
between these two curves. 

Traffic Volume Below Possible Ca
pacity When Critical Density is 
Exceeded. 

To understand why complete congestion so 
often occurs when a highway is operating at 
or near its possible capacity, assume that 
traffic on the road which figure 7 represents 
has gradually increased to a volume of 3,900 
vehicles per hour at an average speed of 32 
miles per hour. Assume also that this traffic 
volume is approaching a point on the highway 
where drivers suddenly reduce their speeds to 
20 miles per hour because vehicles are entering 
from a side street. The capacity of the high
way at the point where speeds are only 20 
miles per hour cannot exceed 3,250 vehicles 
per hour as shown by curve 5. Under this 
condition, vehicles would immectiately start to 
accumulate at this point on the highway at 
the rate of 650 per hour, causing a sudden 
increase in the ' density of traffic. If the ap
proach volume of 3,900 vehicles per hour and 
the restricted condition existed for only a few 
seconds, some vehicles woUld be required to 
stop and the traffic volume woUld immectiately 
drop to zero at this pomt on the highway, as 
shown by curve 5. The queue of vehicles at 
a standstill woUld continue to mcrease in 
length until the volume of approaching traffic 
dropped to no more than 6,250 vehicles per 
hour and probably not until the approaching 
volume had dropped to ' 3,000 vehicles per 
hour. (One vehicle every 2.4 seconds has 
been found to be the average rate at which 
consecutive vehicles stopped in line get started 
again when there is an open road ahead.) 

E ven though the cause of the restriction 
lasts but a t w seconds or minutes, additional 
vehicles might continue to become stopped for 
a considerable time after th cause of the 
restriotion had been removed. These vehicles 
would form a qu ue which would move down 
the highway in the direction opposite to thA 
of traffio flow. Queue8 of vehicles at a 8tand
still have been observed on the Oakland-Bay 
Bridge and the Pulaski Skyway ~veral miles 
(TOm the scene of the original restriction, even 
though traffic was apparently operating in its 
normal man.ner between the queue and the 
place where the queue originally tartedto 
form. 
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Part IV.-Roadway Capacitie~ for Uninterrupted Flow 

INTRODUCTION 

A logical sequence for presenting the avail
able capacity material would consist of re
porting the highest traffic capacities a ttain
abie under ideal conditions and then showing, 
by .sucCessive steps, the quantitative extent 
to . which v,!!.rioUB t raffio and ro~way con
ditions affeCt, these ultima~ capacity, vruues. 
That is the procedureiollowed inthis chapter. 
Basic· capacities are presented for t he three 
general classes of highways ! two-Iane,·' three
lane, and multilane. Possible capacities are 
then discussed, and finally a suggested pro
cedure. is outlined for arriving at practical 
capacities for roads of all descriptions where 
the movement of traffic is uninterrupted by 
intersections or jUnctions. . 

As a source of information for this report, 
results are available from studi s conducted 
by m.any individueJs and or an!rtJationsi in 
particular, those for the comprehensive tudies 
of the dynamics of highway movement con
ducted by the Bureau of Pllblic Roads in 
cooperation with State highway departments 
in all sections of the country. The data 
obtained and aneJyzed by the Bureau of 
Public Roads alone include detailed infOI"IJl&oo 
tion such as indi illlual,'ehicIe speeds and 
spacings between vehicles IlDder actual opera
ting conditions at approximately 500 loca
tions. Dllring the period of study at these 
locations traffic increased from comparatively 
low densiti to the peak densities and then 
d cr &sed to a low level again. By the use of 
special electro-mechanical quipment de igned 
and built e pecially for "this purpose, detailed 
data for slightly 0 'er a million vehicles have 
been recorded during the past 10 years for 
many ot the most heavily traveled roads in 
the country. 

The results of these tudies have been sup
plemented by ioves igations of motortruck 
performance, including grade-climbing ability 
and braking or stopping distances; studies of 
the driving characteristics of various classes 
of motor-vehicle operators; studies of . passing 
practices on two-lane roads in which detailed 
information was recorded for nearly 20,000 
passing maneuvers; and studies of the effect 
on traffic behavior of various types of pave
ment markings and other control devices. 
These stuqies are in addition to the periodic 
speed studies made by the State highway 
departments, which have included speed 
observations on 2 million vehicles at 787 
locations since 1989, and the t raffic counts 
made manually and by hourly recording 
electrical cOllDters for the purpose of obtaining 
annual and peak volumes on all main highways 
throughout the United States. 

BASIC CAPACITIES 

The u,ninterrupted flow of traffic IDAY 
generally . occur only on urbau freeway 
facilities and on the sections of rural highway 
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The _re co,!-,eJltion here iCllUtJ'oLed resulted/rom on emerllency stop 0/ one vehicle on 
the brid,e in bock,round. 

that are removed from the influence of inter
sections at grade. EVElU on these facilities, 
however, certain traffic and roadway . con; 
dlt ioDB can cause an interruption of the normal 
traffic flow. It is nevertheless essentieJ in a 
study of highway capacity to know the capa
city of a facility for conditions of uninterrupted 
flow in order that properdeductioDs .C8.D be 
made for conditions that cause the flow to be 
interrupted. 

Multilane R oads 

The largestnUIriber of vehicles that can 
pass a point oI;te behind the other in a single 
traffic lane, under the most · ideal · conditions 
that can possibly be attained, is between 
2,000 and 2,200 passenger cars. So far as is 
known, hourly lane volumes within this range 
have been recorded at not more than two . 
loca.tions. Volumes only slightly over 2,000 
vehicles per hour per lane have been recorded 
at several locations, but all reports of lane 
capacities in excess of 2,300 vehicles per hour 
have proved to be inco.rrect. 

Traffic volumes in the neighborhood o{ 2,000 
vehicles per lane per hour . can occur o.n1y if 
the following five conditioDs are satisfied: 

1. There are at least two lanes for the exclu
sive nse of traffic traveling in one direction. 

2. All vehicles move at approximately the 
same speed, eacb driver being restricted to the 
speed of the vehicle ahead . ThiS speed, 
which is governed by the speed of tbe slowest 
drivers, must be between 30 and 40 mllesper 
hour. 

a. There are practically no commercial 
vehioles. 

4. The width of traffic lanes, shoulders, and 

clearancC$ to vertical obstructiOn! beyond the 
edge of traffic lanes are adequate. 

5. There are no restrictive ight distances, 
grades, improperly superelevate(:l curves, inter
sections, or interferences by ped triana. 

mee tb condition can be at! Ii d on a 
multilan facUity, t he lnaximu~ number of 
p ng r cars that can pass a gh .en point 
during 1 hour under the mo t nea.rly ideal 
roadway and traffic condit ions which can 
possibly be attained, or the ba.sic eapaeity of 
mul tilane roads is 2,000 passenger cars per 
lane per hour. 

It has be n rather widely assumed that the 
capacity of multilane facilities decreases with 
an increase in the number of lanes. This is 
not necessarily true. The OUter Drive in 
Chicago, for example, with its eigllt lanes, is 
oile of the most efficient facilitieS.· It has 
aCcommodated an average of 1,958 vehicles 
per lan per hour in the one ' ditection of 
travel dUring several periods when manual 
counts were being conducted. The provision 
of adequate access and egreSs facilities such 
that the full capacity of all · traffic lanes can 
be utilized, however, becomes increasingly 
difficult as the total number of. Janes is in
cr ~d. 

Three-lane roads.·· 

On two- arid t hree-Jane roads there are not 
two lanes for t he exclUsive use of traffic traveJ~ 
ing in the one direction. · . The character of 
operation is tbereCoreentirely different on 
t hese roads from that onmultlJane highways, 
inee vehicles performiDg p ingDlAneuvers 

are forced to use a traffic lane that is provided 
for vehicles tra.veling in the opposite direction. 
Consequently, the baaic capamties of twO~ 
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and three-lane roads are much lower tlul.n for 
multilane facilities. 
I1When traffic on a three-lane highway is 
evenly divided by directions, when there are 
no restriotive sight distances, and when other 
conditions are ideal, vehicles can oompletely 
1lll the two outside lanes by utilizing the center 
lane for passing, thus filling the long gaps that 
would otherwise occur between veruel in the 
'o.u tsidc Ian ahead of low-moving vehicL . 
LikewiBe, it' only when thero is Ii tl or no 
t raffic in th on direction tlla the one u id 
lane and the centc.r lane can b come 6llcd with 
vehicl t rl!. Cling in h other direction 0 

that t/1 cbaracteri tics of h How may b 
come imilar to Lho in one direction on a 
four-Jan highway. The basic capacity of a 
three-lane, two-way road is therefore 4000 
passenger cars per hOllr or an average of 1,333 
pas enger cars per lane per hour. The basic 
capaclty for one direction is limi1ed to 2,000 
pas enger car per hour on any sedion with 
but a single re triclive sight di tance. 

Exten. iv tlldie hav; sbown that there is 
no bas' for til ammon umption that 
most fficien operation on a three-lane r ad 
wJ11 be r ali:t.ed wi h approximately two
third of th traffic hi on direction. FacL 
show that the high volum can be bandied 
most efficiently when traffic is evenly divided 
by direction, especially when therear passiIlg 
sight-distance restrictions. As yet, the om
mittee has been unable to locate any count 
approaching 4,000 vehicles per hour on .a 
three-lane road, and this is probably ·· b oaw;c 
there are sufficient sight"di~tancc ro ' trio ion ' 
on most existing three-lane roads to prevent 
their basic capacities from being at tain d. 
A total count of 3,064 vehicles per hour has, 
however, been recorded on a thre Jane rond 
in New Jersey. 

1 wo-Lane Roads 

On a two-lane, two-way road, vehicles 
must, to overtake and pass vehicles traveling 
in the same direction, use the lane normally 
used by oncoming traffic. With few or no 
vehicles traveling in the. one direction and no 
restrictive sight distances, traffic in the other 
direction can keep one lane completely filled 
because gaps that occur ahead of the slower
moving vehicles can almost immediately be 
filled by vehicles performing passing maneu
vers. Whenever one vehicle traveling in the 
direction of the light flow appears, however, 
all vehicles. traveling in the direction of the 
heavy movement must crowd into one traffic 
lane. Since the capacity. of one traffic lane 
is limited to a maximum of about 2,000 pas
senger cars per hour, the basic capacity of the 
two-lane road under these conditions would be 
2,000 passenger cars per hour. 

With traffic evenly divided by directions, 
opportunities to overtake and pass slow
moving vehicles are sufficiently restricted by 
oncoming . traffic to limit the flow in each 
direction to .1,000 passenger cars per hour. 
At this traffic volume, spaces occur ahead of 
the slow-moving vehicles which cannot be 
filled by other vehicles performing passing 
maneuvers. In effect, traffic in both direc-
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tions tends to form in queues which continue 
to increase in length until the spaces between 
the queues become sufficiently long to permit 
the performance of passing maneuvers. As 
soon as a few passing maneuvers are performed, 
the spaces between the queues become partially 
oocupied and are n o longer of sufficient loogth 
for the peJfonnance of p 'ng maneuv 1'8, and 
tbe queues immediately start forming again. 

This accordion effect, with an but a very 
limited number of vehicles traveling at the 
same speed 88 he vehicle immediately ahead, 
oc Ul'S at the same otal traffic volume reg8l'd-
1 of th di tribution by directions. The 
basic capacity of a two-lane, two-way road is 
therefore a total or 2,000 passeDler cars per 
hour relardle of tbe distribution by 
directions. 

Total traffic olumes close to 2.000 vehicles 
per bour ha\' been recorded on two-Jane, 
two-way facilities during periods when most 
of the tra.lfic traveled in the one direction and 
also during periods wilen the traffic was evenJ. 
divided by direct.ion. In only three cases 
haye two-lane, t\l"o-way Caclliti b n re
ported to h&ve accommodated omewhat 
mor than 2,000 vehicles in 1 hour. These 
occurred at tunnels where the comparatively 
short two-lane roadway sections were bottle
necks between higher-capacity facilities. 

POSSIBLE CAPACITIES 

When roadway and traffic conditions are 
ideal, the possible capacity of a facility with 
uninterrupted flow corresponds to its basic 
capacity. Since roadway and traffic con
ditions are seldom ideal. the possible capacity 
or a Cacility, or the maximum number oC 
vehicles that can pass a given point on a lane 
or roadway during 1 hour under the prevailing 
roadway. and traffic conditions, is generally 
lower than its basic capacity. 
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In practice, the only application of a road
way's basic capaeity is tbat it forms a starting 
point from which its possible capacity can be 
estimated or calculated by deducting the effect 
of the prevailing conditions which are not 
ideal, whereas the possible capacity is a posi
tive quantity that has ao.u-ect application to 
many problems with which the engineer is 
faced. 

In the discussion of practical capacities, 
there are listed a number of the more impor
tant factors tbat influence traffic capacities 
when the flow is uninterrupted. The result
in, eKect· that these Caciors have on traffic 
capadtymust be subtracted from the basic 
capacities to obtain the possible capacities 
for the prevailing conditions. 

PRACTICAL CAPACITIES 

All vehicles must move at approximately 
the same speed when a street or highway is 
operating at its possible capacity, each driver 
being restricted by the speed of the vehicle 
ahead, which is usually the speed of the slow
est group of drivers. Under this condition 
most drivers consider a highway extremely 
congested, because most of them want to 
travel faster than the slowest group, and they 
desire some freedom in the selection of their 
individual speeds. The average vehicle speed 
on a highway operating at or near its possible 
capacity is lower than the speed which· most 
drivers consider reasonable. 

Criteria of Practical Capacities Under 
Ideal Conditions 

The practical capacity of a highway carry
ing an uninterrupted flow of traffic is reached 
when a higher volume will cause drivers to be 
unreasonably restricted. "Unreasonably re-

AVERJCE SPEED JF VEHICLE 

I 
r~N OIl'TEAENJ IN SPEED 
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. 
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TIME SPACING IN SECONDS BETWEEN PAIRS OF VEHICLES (C. TO. C.) 

Figure B.-Speed characteristics of vehicles traveling}.t given time spacings behind pre
ceding vehicles. 
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stricted" is I;>nly a relative term which will 
vary for different locations. In urban areas, 
for example, ii. driver is williIig to accept the . 
regulation of his speed by other raffie to a 
greater extent than in rural areas, so lon~ ' as 
he can keep moving at a peed he con idore 
reasonable ltnd r the circl1Dllltan . Further
more, the re lative re trietion and the average 
travel time will lncr uniformly as the 
trafflc volume oli a hiehway I lnerea ed 
from low volume to the maximum po sible 

. capacity of the highway. There Is no volume; 
below the. hlehway's maximum capacity. at 
which a further increase in volume will eau e 
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a mark d Increa e In conee flon or decrea e 
in pe d. This has been illWltrated by figures 
5 and 7. It is necessary, therefore; to apply 
other criteria which hav been developed to 
measure cong tion in the s lection of practica.l 
capaciti ror various conditioIlll. 

Vehicle paciogs 

- The mo t sen ltive lndn of traJllc con
ge tion on two-lane highways is shown In 
Agur 8 (curve 8). ThJ 8gure shows that 
a the spacine between vehicle decrease 
there J8 UUJe change in the difference In peed 
of suu s Ive vehJcle until the time pacllle 

is reduced to 9 second. Below that spacing, 
the peed of the foUo 1l'ine vehicle approacbes 
that of the one ahead very rapidly, indicating 
that with a pacing of 9 econd . drit·ers are 
all'ected by the pre ence of the car ah ad, 
and that the horter the e pace become the 
greater I the e~ ct. 

If all v ruele using a rughway were quaIly 
spaced, d terminati n oJ tb pc,int or incipient 
congestion would be a simple matter_ How-

vcr, it is a w IJ-known fact that vehicles do 
not move with uniform -parating intervals, 
but rather that th y tend to form groups. 
8tudie mad on tangent highway sections in 



A section of tWo-lane road where the design 
features are ideal for high capacity. 

many parts of the country show that this . 
tendency to form groups is remarkably uni
form regardless of the traffic volume. Figures 
9 and 10 are typical of the vehicle-spacing 
distributions for conditions .where the flow of 
traffic is uninterrupted. 

Under nearly any conditions of speed and 
traffic volume, approximately two-thirds of 
the vehicles will be spaced at, or less than, 
the average distance between vehicles. Using 
figure 9, the curve of vehicle spacings on 
two-lane roads, it will be found, for example, 
that with an hourly volume of ISO vehicles 
in one direction (representing an average 
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spacing of 20 seconds) about 120 vehicles will 
be 20 .seconds or less behind the car ahead, 
and of these about 90, ()r .52 percent of the 
tOtal, will be spaced at. 9 seconds or less and 
will therefore be. affected to some degree by 
the car. ahead. As the traffic volume in
creases, the · number so · spaced · illcrea.<les. 
With 200 vehicles per hour . in one direction, 
55 percent will feel some effects of congestioni 
with 300 vehicles per hour the figure becomes 
65 percent; with 400 it becomes 72 percent, 
and so on until over 90 percent o{the vehicles 
are affected when the volume becomes 1,000 
vehicles per hour in each direction. 

If it be considered thAt a highway is con
gested when 72 percent of the drivers must 
govern their speeds by the speeds of other 
vehicles, 800 vehicles per hour is the practical 
capacity of a two--lane road. 

PatWiog opp9rtunities 

Another . index of congestion is the availa
bility of opportunities for vehicles to overtake 
and pass slower vehicles moving in the same 
direction. If tbe alinement of a highway is 
not a factor, pa.ssing on a two-lane road is 
limited only b the time .the lane normally 
used by oncomiD traffic is occupied. The 
ratio of the numb r of Pa.<lsings required per 
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~. 

.i! 
~ ... 

~ ~ 

! 

~ 

mile of highway for drivers to maintain their 
desired speeds, to the number of passings that 
they can actually perform, is a measure of 
traffic congestion. Figure 11 compares the 
desired number of passings with the actual 
number that can be performed · under typical 
conditions on a two-lane road with tangent 
alinement. . 

The total nuinber of passings required for 
all drivers to maintain their desired speed 
incre8,Ses as the square of the traffic volume. 
Actually; however, the total. number of 
pa.<lsings that occur increa.<les with an increase 
in the total traffic volumeupto J,300 vehicles 
per hour and then decreases . rapidly, To 
maintain his free speed, the number of 
passings each driver would make increases 
directly as the traffic volume increases. 
Actually, however, the number of passings 
made by the average driver inereases 8S the 
density increases up to 800 vehicles per hour, 
remains about the same between 800 and 
1,200 vehicles per hour, and thereafter de
creases'with a further increase in the traffic 
density. The fact that the average driver on 
a two-lane, tangent highway should increase 
the number of passings he makes as the 
trallic volume goes above 800 vehicles per 
hour, but can .make no material increase due 
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to the traffic density, is a very important 
criterion in the determination of practical 
capaliities for two-lane highways. (A traffic 
volume of 800 vehicles per hour with the 
normal percentage of commercial vehicles is 
equivalent to 900 passenger cars per hour.) 

Operating speeds 

The most significant index of traffic con
gestion during different traffic volumes, as 
far as drivers are concerned, is the over-all 
speed (exclusive of stops) which an average 
motorist can maintain when trying to travel 
at the highest safe speed. This over-all speed 
is termed the "operating speed." 

A driver ~n a two-lane, tangent highway 
can travel at a uniform speed of say 50 miles 
per hour, until he overtakes a slower-moving 
vehicle. He wo.uld then either pas$ the slower 
vehicle, if there. was no oncoming traffic, or 
he would slow down to the ijpCed of the 
vehicle ahead and wait until the opportunity 
to pass presented itself. For a driver to 
travel at a uniform speed of 50 m.p.h. on a 
modern two-lane highway carrying a total 
of 300 vehicles per hour equally divided in 
each direction, he would be required to pass 
an average of 24 vehicles per hour. At a 
volume of 900 vehicles per hour he ould be 
required to pass 130 vehicles per hour. In 
the first case, 43 percent of. the. vehicle be 
passed would be traveling at speeds exceeding 
40 m .p.h. while in the second case only 23 
percent of the vehicles he passed would be 
exceeding 40 m.p.h. 

Under actual operating conditions on a 
two-lane highway, the left lane would not 
always be free of oncoming traffic at the time 
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Figure I2.-Percentage oj time that desired speed can be maintained on two-lane, level 
highway with no restrictive sight distances. 

the driver overtook a vehicle traveling at a 
slower speed, so even on highways with no 
sight' distance . restrictions, he would ome
times be forced to reduce his speed and await 
an opportunity to pass. This delay would 
cause a decrea e in his average speed which 
in turn would decrease the number of vehicles 
overtaken within a given time period. 

Figure 12 shows the portion or Lbe total 
t ime hat a driver desiring to t ravel at a 
certain speed can travel at that speed on a 
two-lane highway with no Bigbt-distance re
strictions. A driver desiring to travel at . 70 
m.p.h. can travelat this BpeedlOO percentol 
the time as long as there is !loother traffic on 
the highway. However,when tb re is other 

traffic on the highway, he Boon overtakes 
another vehicle traveling at a slower speed 
and, unless there is a space between vehicles 
in the opposing traffic lane of sufficient length 
to permit bini to pass, he must reduce his 
peed until suchan opportunity does occur, 

arter which he can again increase his speed to 
70 m.p.h. At a total traffic volume 01 200 
vehicles per hour, it will be possible for the 
driver to travel at 70 m.p.h. 50 percent of the 
time if he takes full advantage of his oppor
tunities to pass the slower drivers. At a 
traffic volume of about 550 vehicles per hour 
he will not be able to travel at 70 m.p.h. any 
of the time because afrer passing one vehicle 
he must start slowing down to avoid a reat-end 
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collision with the preceding vehicle traveling' 
in the same direction or a head-on collision 
with oncoming traffic in the .opposing traffic 
lane. 

Likewise, a driver trying to travel 60 m.p.h. 
can maintain this speed 100 percent of the 
time when there is ' no other traffic, and 50 
percent of the time when the traffic volume is 
400 vehicles per hour, but he cannot at any 
time attain this speed when the traffic volume 
is in excess of 850 vehicles per hour. Also, a 
driver trying to maintain a speed of 50 m.p.h. 
can accomplish this 50 percent of the time 
with a traffic volume of 750 vehicles per hour 
but at no time can he travel at this speed 
when the traffic volume exceeds 1,400 vehicles 
per hour. 

These curves in figure 12 also show the per
centage of time that drivers must travel at 
various 'speeds below th'r deRired speeds. 
For example, with a t raffic volume of 400 
vehicles per hour, a driver whose desired 
speed is 70 m.p.h. can travel at this speed 
15 percent of the time; between 70 and 60 
m.p.h., 35 percent of the time; between 60 and 
50 m.p.h., 30 percent of the time; and is re
quired to reduce his speed below 50 m.p.h. 
about 20 percent of the time. 

A .driver trying to go 70 m.p .h. can travel 
no faster t han a. driver trying to go 60 m.p.h. 
when the traffic volume exceeds 850 vehicles 
per hour. The 60- and 70-m.p.h. drivers can 
go no faster than the 50-m.p.h. driver when 
the traffic ' volume exceeds 1,400 vehicles per 
hour. 
Effect of other traffic 

Figure 13 shows the effect of other traffic 
on the over-all speed of drivers trying to main
tain a certain desired speed. On tangent 
sections of existing high-speed, two-lane high
ways, a driver trying to maintain a speed of 
70 m.p.h. without exceeding this speed finds 
that his over-all speed decreases rapidly with 
an increase in the traffic density. At a traffic 
volume of 200 vehicles per hour his over-all 
speed is reduced from 70 to 61 m.p.h. due to 
delays while waiting to pass slower-moving 
vehicles, and at 850 vehicles per hOllr his 

over-all speed will be 46 m.p.h. or the same 
as that for a driver trying to maintain a speed 
of 60 m.p.h. For all practical purposes the 
speeds for the 60- and 70-m.p.h. drivers are 
the same when the traffic volume is in excess 
of 300 vehicles per hour. 

From these curves (fig. 13) it is possible to 
determine the hourly volume of traffic that 
can be accommodated by a two-lane highway 
at any specified operating speed when sight
distance restrictions are not a factor. If, for 
example, a two-lane road must accommodate 
peak volumes of 1,000 vehicles, the operating 
speed on that two-lane road, if it has no sight
distance restrictions, will be about 43 m .p.h. 
during periods that the peak volumes occur. 
It is possible from the results of these traffic 
studies to predict with a high degree of accuracy 
the operating conditions that will prevail with 
any given traffic volumeona highway with two, 
three, or four lanes where the flow is uninter
rupted and other conditions are ideal. To 
determine the practical capacity of a facility 
it is necessary, first, to determine the operat
ing conditions that the majority of motorists 
will accept as satisfactory. Then it is nece.s
sary to · aScertain the highest standard of 
highway improvement that . the governmental 
jurisdiction can support. Finally, it becomes 
necessary to reconcile the demands . of the 
motorist with the means available for meeting 
these demands. Thus, in tIle final analysis, 
the matter of specifying precise values for 
practical highway capacities becomes a 
localized problem. The Comrruttee con.siders 
that it is of prime importance to r elate tra1llc 
volumes accurately to operating conditions 
that will prevail 80 ~hat individual agencie , 
with a thorough knowledge of the specific 
conditions, can decide on the most practical 
volumes to expect a facility to handle. The 
Committee also believes, however, that it is 
desirable to suggest practical capacities based 
on the normal desires of drivElrs under certain 
conditions. 

On most main rural highways, operating 
conditions are considered satisfactory for the 
average driver when the operating speed is 

A badly congested multilane highway. Cars in the second lane are here delayed by a vehicle 
desiring to make a left turn. UncontroUedright of access .has resulted in the con
version of this sectWn of highway to the equivalent of one continuous intersectWn. 
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. <is to 50 miles pee hour during aU but a few 
ofthe peak volu.me pededs in a year. 

With this operating speed, the average 
speed of all vehicles will be 40 to 45 miles per 
hour and at anyone instan.t about 70 percent 
of the drivers will feel some effect of conges
tion, but they will have an opportunity to 
pass the slower-moving vehicles . without un
reasonable inconvenience. In (j6rtain sections 
of the country where drivers rarely experience 
congested conditions or where most trip 
lengths are relatively long, and on toll roads 
or other special high-type rural facUities, 
drIvers might consider a highway unreason
ably congested when those who so desire could 
not average 50 to 55 miles per hour during all 
but a few of the periods of peak volume in a 
year . 

. On ' urban facilities with uninterrupted flow, 
an operating speed of 35 to 40 miles per hour, 
resulting in an average speed for .all traffic 
of 30 to 35 miles per hour, is considered 
reasonable. 

Two-rone Roads 

Under ideal roadway anc:l . traffic conditions 
a two-lane road where sight distances are not 
restrictive will accommodate .900 paSsenger 
cars per hOllr and still permit operating speeds 
of 45 to 50 miles per hour. The correspond
ing figure for an operating speed of 50 to 55 
miles per hour is 600 passenger cars per hour. 
Studies have shown that the distribution of 
traffic by directions on a two-lane road has 
practically no effect on operating speeds or on 
the average interference between vehicles and 
relative congestion which the average driver 
experiences. The maximum practical capacity 
of a rural two-lane road with uninterrupted 
flow is therefore . a total of 900 passenger 
cars per hour regardless of the distribution 
of traffic by directions. 

Within urban areas or for access connections 
between industrial plants and the main high
ways, where operating speeds of 35 miles per 
hour are satisfactory, the practical capacity 
of 8 two-lane road would be 1,500 passenger 
cars per hour. At certain locations where 
operating speeds of 50 to 55 miles per hour 
are requited, the practical capaCity of a two
lane road would be 600 passenger cars per 
hour. 

Multirone Roads 

A multilane highway will provide the same 
or comparable operating conditions with 1,000 
passenger cars per hour per lane in the direc
tion of the heavier traffic flow as a two-lane 
bighway with no restrictive SIght distances 
operating at a total traffic volume of 900 
passenger ears per hour . . The maximum 
practical capacity of a multilane rural highway 
wi h uninterrupted flow is therefore 1,000 
passenger cars per lane per hour in the direc
tion of the heavier flow. 

A multilane highway with uninterrupted 
flow will provide an operating speed of 35 to 
.40 miles per hour when the traffic volume in 
the one direction of travel is 1,500 passenger 
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cars per lime per hour. The maXimum prac
tical capacity of multilane freeways in urban 
areas, when access and egress facilities are 
not a factor, is 1,500 passenger cars per lane 
per hour in the direction of the heavier flow. 
At this volume, drivers who so desire can safely 
maintain an over-all speed of 35 to 40 miles 
per hour, although the average speed of all 
vehicles will be 30 to 35 miles per hour. Also, 
exceptionally high volumes that occur fre
quently for short periods can be handled 
without complete congestion. 'There is also 
further significance in 1,500 vehicles per lane 
per hour as the maximum practical capacity 
of multilane roads in that this is the highest 
rate at whioh . vehicles, after being once 
stopped, can pass a point in a. single line. 

Three-Lane Roads 

The p lace of the three-lane, two-way pave
ment in . the highway system has lOng been 
the subject of discussion. Three-lane, high
ways have been constructed to aeco;nmodate 
traffie volumes in exces of those that can be 
handled efficiently by two-Jane highways but 
that are not suffieiently great . to require a. 
four-lane road. They have also been built as 
stage construction projects in.' the develop
ment of four-lane undivided highways. The 
belief has been expressed,however, that traffic 
volumes justifying more thim two lanes have 
by their ~atural growth soon become suffi .. 
clent to congest a three-lane width. Further
more, by th time a third lane can be planned 
and constriIcted on an ' already congested 
two-lane road, the traffic demand requires 
most of the in Teased capacity which the 
third lane provid , and thuS ' the added lane 
provides onJy temporary relief. 

With the ' rather recent universal change in 
favor of foUr-lane divided rather than undi": 
vided highwaYs, there has ' been a marked 
tendency toward the elimination of three
lane road eonstruction by going directly to a 
four-lane divided highway for traffic volumes 
in excess Of those that can be accommodated 
by a two-lane road. A three-lane road doeS' 
not lend itself to the ' ultimate development 
of a four-lane divided highway. 

Hazard to traffic 

There have been wide differences of opinion 
regarding the hazard to traffic on three-lane 
highways. From the results of the most 
comprehensive studies of accident rate of 
three-lane highways' as compared with other 
types, there has, however, .· been a general 
a.eeeptance of the belief that a tr ffic volume 
greater than can be aecommodated by a two~ 
lane highway jW3tUies the added satety that 
can be provided by a four-Ian r1ividerl 
highway. 

From the point of view of driver behaviOr, 
the three-lane highway suffers a psyehological 
disadvantage whieh ' might well result in an 
abnormally high accident rate. On a tw~ 
lane road, a driver engaged in a passing ma.neu
ver must encroach upon the 'left la.ne which 
is definitely provided for traffic in the opposite 
direction. He does this with full realization 
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Figure 14.-Distribution of vehicles between lanes on a level, tangent, three-lone highway. 

that his passing is accomplished only in the 
face of the superior rights of drivers in the 
opposing lane. In the case of the three-lane 
road, particularly with traffic evenly divided 
in the two directions, there is no clear-cut 
right-of-way distinction. A vehicle moving in 
one direction has as much right in the center 
lane as one moving in the other direction, and 
passings may involve much greater traffic 
hazards; 

Efficiency 

It is oommonly assumed that a three-lane 
hlghway is more efficient for locations where 
at least tw~thirds of the traffic travels in one 
direction during high volume periods. This 
assumption is based on the idea that traffic 
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traveling in the direction of the heavier volume 
will use two lanes, and traffic in the other 
direction will use one lane. Based on data 
obtained on modern three-lane highways with 
good alinements and profiles, figure 14 shows 
the percentage of vehicleathat use each lane 
when approximately two-thirds ' of the traffic 
is in one direction. The percentage of vehicles 
traveling in the center lane at anyone place 

. increases as the total volume increases to 1,500 
vehicles per hour . . At this ·volume, only i5.9 
percent of the vehicles were in the cenier lane, 
13.8 percent traveling in one direction and 2.1 
percent in the other. One driver had the 
same right as another to use the center lane 
of a three-ianehighway and, regardless of the 
opposing traffic volume, he apparently exer-
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Figure 16.-Frequency distribution of vehicle speeds on a three-lane highUJaY. 

cised that right. An estimated maximum of 
about 300 vehicles per hour, or 15 percent, 
used the center lane at a volume of 2,000 
vehicles per hour, which is well above the 
practical capacity of a. three-lane road. 

Figure 15 shows average speeds on three
lane highways for vehicles in the center and 
outside lanes, at different total volumes. 
There is a marked decrease in the average 
speed of vehicles in the right-hand lanes with 
an increase in the total volume, whereas the 
average speed for vehicles in the center lane' 
does not change as the volume increases. Fig
ure 16 further illustrates the tendency of 
drivers to travel at high speeds when using 
the center lane of a three-lane highway. This 
figure shows the distribution of speeds by lanes 
and direction at a low and a high total traffic 
volume. Although only 15.2 percent of the 
vehicles were in the center lane at the higher 
traffic volume, 41.7 percent of those traveling 
over 40 miles per hour, 58,3 percent of those 
traveling over 45 miles per hour, and 72.7 per
cent of those traveling over 50 miles per hour 
were in the center lane. This tendency of driv
ers to travel in the center lane of a three-lane 
highway during heavy traffic volumes at speeds 
nearly as high as those on four-lane divided 
highways during l()w traffic volumes, creates 
a hazardous condition and contributes .to the 
severity of acilidents. On two-lane highways 
and}our-lane divided and undivided highways, 
drivers tend to reduce their speeds with an 
incr sse in the volume of traffic, regardless of 
the lane they occupy. 

A similar analysis for periods" when traffic 
was almost evenly divided by direction showed 
that under this condition a three-lane highway 
will handle traffic more efficiently than when 
the flow is predominantly in the one direction. 
Apparently the assumption of most efficient 
operation with two~thirds of the traffic in one 

226 

direction is a figment of the imagination that 
cannot be substantiated by facts. Were it 
true, this assumption could be widely applied 
be<muse it is thll rule, rather than the exception, 
that about two-thirds of the traffic travels in 
one direction on any rural highway during 
periods in which the highest total volumes 
occur. There , are, however, no available 
data to show that any three-lane highway has ' 
ever accommodated .more than 2,000 vehicles 
per hour in -one direction; a number that can 
crowd into a single lane at points where the 
sight di'ltance is too short for passing maneu~ 
vers to be performed safely. 

Capacity 

With a total of 1,500 passenger cars per 
hour, a three-lane highway with no restrictive 
sight distances will provide operating condi
tions comparable to those on two-lane and 
four~lane rural highways ()perating at their 
practical capacities. . ., 

The capacity of three-lane highways is very 
sensitive . to restrictive sight distances. 

The maximum praetical.capacity of a rural 
three-lane highway is therefore a total of 1,500 
passenger cars perhonr. This is 67 percent 
greater than the capacity of a two-lane high· 
way and 75 percent of the .. capacity of two 
lanes for one . direction of travel on a four-lane 
highway. 

For less favorable sight-distance conditions, 
the difference between the practical capacities 
of a two- and a three-lane ' highway decreases 
and the difference between the practical capa
cities of a three- and a four-lane highway 
increa.l>es. 

If .sight distances sufficient to complete 
passing maneuvers safely are available only 
intermittently along a three-lane highway, the 
practical capacity of such a highway might be 
only slightly greater than the capacity of a 
two-lane road with the same alinement; or 
less thantheeapacity of a two-lane road with 
good alinement. If . a three-lane road is to 
accommodate traffic volumes substantially 
greater than those that can be accommodated 
by a good two-lane road, sight distances long 
enough to permit passing with safety must be 
almost continuous over tlie length of the road. 

Experience with three· lane highwaY8 

The past experience and practice of State 
highway departments should offer some index 
of the place of three-lane roads in our present 
highway system . . Through the Bureau of 
Public Roads, the Highway Capacity Oommit
tee obtained data from the State highway 
departments showing the date Of oonstruction 
and traffic volumes during the life, or up to the 
present time, of most three-lane rural roads 
constructed in this country. ' Information was 
obtained from 27 States on more than 3,700 
miles of three-lane roads, 7.8 percent of which 
had been converted to four or mpre lanes. 
It.must be remembered, when interpreting the 
results of this study, that a lack of funds and 
the normal time required to plan, finance, Il.nd 
construct a facility, or other considerations, 
may have delayed the actual construction of a 
three-lane road (or the widening of a three
lane road to four lanes) several years after the 
actual need for the improvement became ap.
parent, and that in some cases the inadequacy 
of an existing three-lane road was relieved by 
the construction of an alternate . or parallel 
facility. 

The average retirement age of · three-lane 
highways converted to ·four lanes was 6.1 
years, which is 1.6 years less than the average 
time that existing three-lane roadS have been· 
in service. The agesof.three"lane roads when 
converted to four or more lanes varied from 
15 years with an initial animal volume of less 
than 1,000 vehicles per day to less than 2 years 
for initial annual volumes exceeding 10,000 
vehicles per ' day. The retired three-lane 
roads carried an average annual traffic volume 
of 7,029 vehicles per day as compared with an 
average maximum traffic volume to date of 
4,996 vehicles per day for those still in exist
ence. The traffic volumes on three-lane 
highways as initially construc.ted, on those 
still in existence, and on those that have been 
converted to wider highways, are shown in 
figure 17. 
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Prior to widening, 17 percent of the reported 
three~1ane mileage carried annual a verage 
volumes' of 10,000 and more vehicle, per day_ 

oly 5 percent of the existing three-lane 
mileage has Clll'ried annual volume of 10,000 
and more vehicl per day. 

California and New Jer y each reported 
t hree-lane roads with exceedingly high annual 
volUmes. 00 only one of these highways, 
however, has the peak hourly volume exceeded 
2 000 vehicl . The foUowing tabulation 
shows the peak hourly volume on th thre
lane roads in California arrying av rage 
annual volumes ex eding ] 0,000 vehicles 
per day. 

AuroUt doU, traffic in 
lleor Of highut annual 
~o/u.tn.: . 

Peak lIour/v 
volume 

11,272_~ ___ ~ _____________ ~ _____ I, 589 
12,076 __ -~---- _________________ L895 
13,375 __ ~ ____ ~ _________________ 91 
12,503 ___ ~" ________________ ~ ___ 1,083 

12,351 _____ --------~------~---- 918 
19,040 _____________________ ~ ___ 1,958 

It is evident .that these thr e-I.aneroads were 
taxed be 'ond their po ible capacit ies during 
peak periow;, and the peak ho rly volumes 
were much lower than they would bave been 
had the capacities of the roadways been 
greater. 

ConclWlions oC tudi 

The mor d tailed results of the studies 
made by the Committee regarding three-lane 
roads may b obtained in mimeograpb form 
from t he Highway Research .. . Board . The 
important conclu ions of this st:udy were: 

L At any point on a hree-lane highway, 
relatively few vehicle travel in the center lane .. 
The maximum number that can be in the 
center lane is about 300 per hour, regardless 

!oJ 

of the total traffic volume, When up to 70 
percent of the total traffic is traveling in one 
direction. 

2. Although there is a very marked drop 
in the average speed of t raffic in t he outside 
lane with an increase in volume, there is no 
drop in th peeds of vehicles in the ceoter · 
lane. 

3. AB long as th hourly traffic olume 
traveling io one direction doe not ex d 70 
percent of the total traffic, he center lane will 
be used by ehiel ave ling in both direc
tions. 

4. The average speed of aU vehicles and the 
pos ible apacity of e. three-lane road are 
lightly higher when the traffic j nearly evenly 

divided by direction than .when two-thirds 
trav I in one direction. ' .' , 

5 . . At places where .sight distance is re
stricted, the. use of the c.enter lime for passing 
is dangerous; so, in effect, a three-lane highway 
will carry only two lanes of traffic at such 
points. 

6. A three-lane highwa.y having even one 
restricted sight distance cannot carry more 
v ehicles per hour in one direction than the 
number that can crowd into one trafficlane- ' 
2,000 pa.ssenger cars per hour under ideal 
conditions. 

7. ThJ:ee-lane roads with an initial annual 
average volume of about 4,700 vehicles per 
day may be expected to give a useful service 
for approximately 6 ycars. 

8. Three~lanc roads with an initial annual 
a verage volume less than 3,300 vehicles per 
day may be expected to give satisfactory serv7 
ice for at least 13 years, and perhaps for the 
normal life of the pavement (15-20 years) 
providing traffic increases in the future at 

·· the same rate that it has in the past, excluding 
the war years: . ' 

~ 1~1-------.. --... t---tI. 
!oJ 

:! 121----.. --
2 ... 
o 

7000 
TO TO 

4'" 5999 6999 79119 

ANNUAL AVERAGE DAILY 

Tabl 5.-Rooduioy capo i ti f or unint r
rupU djlow under idE-a l trajJi a nd road
way condi tion 

Mult" 
Two- Three- 14.no 
hmo. bn . b hwny: 

lwo-w y twO-WAf BV rille 
hlgbwllY: highway: per taile 
totW ror lOLa I ror Cor d Ireo-

boLl! all UOD or 

I h\ll I !ones I bM..-ler 
Dow l 

------------~-----r----+_----I 
'I' Pru#n, Puull' l PO.UTI. 

. ' gtr C(lrI I' ,a car, 9er -, 
I flU 1I0ur flU baur per 110 r 

B Ie ca(llll!lty ' ____ _ ._. 1'. 201m •• 000

1 

2, Im PlUcdcol cnpnc!ty rDr 

Pmetlcal caPllCity for • 
!]1bM condl,lons t . _, 1,500 2, 000 1,500 

rural coDdl~lons ,_ ,_ 900 I, 500 1, 000 

1 Dlstrlbl1l1on by dlretttIons Is n ot a factor. 
2 DurlJlI.' periodlt or pe 11: lIow, tnlffia In one direction may 

be much heavier than In tb oll r dlrectloD. . . 
3 Somc BS possible cnpnclty ror Id I C'OndllloIl!. 
• Provides aa to 40 m..p.1). OPCnlting ~ • 
• Provides 16 to IiO m.p.b. ope.mUng speeds. 

EFFECT OF FACTORS THAT REDUCE 
CAPACITIES 

Table 5 summarizes the basic, possible, and 
practical hourly capacities of various types 
of highways under ideal traffic and roadway 
conditions . when the flow is uninterrupted 
and sight distances are not restrictive. 

It is seldom, however, that roadway and 
traffic conditions are '.id L · For this re on, 
both possible and practical capacities for 
uninterrupted flow are usually lower than 
those shown in table 5. . If surface condition 
be disregarded, and it is seldom a factor on a 
well-maintained highway with a high-type 
surface, the most' important conditions which 
affect the capacity of the highway where the 
flow· is not interrupted by ' cross traffic are: 
(1) lane width, (2) clearances to laterai 
obstructions, (3) shoulder Width and cond1~ . 

L~,ooo 
AND 

OVE'II 

Figlire 17.-Pos t f'.xper;ence Ulitl, t hree-Ione llighUlOYS bated on all "hree~lone COrnl truction on S tate highUlOYS 
(totaling 3,740 mile ). 
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Table 6.-EjJect of lane width on capacity 1 

Capacity expressed as a percentage 
of 12-foot lane capacity , 

Two-lane rural roads- Twolanea 
Lane width for one di-

rection of 

At At 
travel qn 
divided 

possible practical highways 
capacities capacities at practICal 

capacities 

Feet PerCfJnt Percent Percent 12 ____________ ._ 100 100 100 11 ______________ 
88 86 97 10 ______________ 81 77 91 9 ______________ 76 70 81 

1 Effects of lane width on driver comfort, accident rates, 
etc_. are not included iu these relations_ 

Table 7.-EjJect of restricted la teral clear
ance on practical ca:pad ti 1 

Clearance from pavement edge 

Feet 
6 ____________________________________ _ 

!.---- -- -- -- -- - -- ---- -- --- - -----------2 ______________________________ ~ ____ _ 
0 ____________________________________ _ 

Effective width 
of two 12-loot 
traffic Janes 

Feet 
24 
23 
21 
18 

I Effects of lateral clearance on driver comfort, accident 
rates, etc_I are not iucluded in these relations. 

tion, (4) commercialvehic1es, (5) location and 
design of interchange facilities, and (6) .the 
profile and alinement, especially as related to 
sight distance and gradient. 

Lane Width 

Narrow lanes have a lower capacity than 
the I2-foot lanes which are at present con
sidered necessary for heavy volumes of mixed 
traffic. On a two-lane road, a vehicle per
forming a passing maneuver must encroach 
on the lane normally used by traffic traveling 
in the opposite direction for a longer period 
if the lanes are narrow than if they are wide. 
On multi1s,ne roads, more vehicles straddle 
the lane lines when the lanes are narrow than 
when they are wide, thereby in effect occupy
ing two lanes rather than one. T able 6 shows 
the capacity of limes down to.9 feet in width 
on the basis of capacities for 12-foot lanes. 

Narrow through-truss bridges seriously 
impair the capacity of many· aections of 
highway. 
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This underpass offers no impeclim nt to thefree tnovement of traffic. Ample side clearance 
is assured even if a third lane is later added to the pavement. 

Table S.-Com birwd (J/f. ct of lane width and edge clearances on highway capacities1 

Capacity expressed as a percentage of the capacity of two 12-foot Janes with no 
restrictive lateral clearances 

Clearance from pavement edge 
to obstruction Obstruction on one side Obstruction on both sides 

12-foot In-foot 11O-foot I 9'foot 
lanes lanes·· lanes lanes 

12-foot 1·11-root j 1O-foot.1 g;.foot 
lanes lanes Janes lanes 

POSSIBLE CAPACITY OF Two-LANE HIGHWAY 

Feet 6 _________________ '-_____________ 
100 88 81 76 100 88 81 76 4 ________________________________ 97 85 79 74 94 83 76 71 2 _______________ c ________________ 93 81 75 70 85 75 69 65 0 ________________________________ 
88 77 71 67 76 67 62 58 

PRACTICAL CAPACITY OF Two-LANE HIGHWAY 

6 ________________________________ 100 86 77 4 ____________ _ • • _~ _______________ 
96 83 74 2 _____________ ___________________ 91 78 70 0 __________ c~ ______ c ___ " __ , ______ 
85 73 66 

70 100 
68 92 
64 81 
60 70 

86 
79 
70 
60 

77 
71 
63 
64 

70 
65 
57 
49 

POSSIBLE ANDPBACTICAL CAPAClTlltB OF Two LANlIISl'OB ONE DmECTION OF TRAVEL ON DlV1D1m HIGHWAYS 

6 ________________________________ 100 117 91 81 100 97 91 81 4 ________________________________ 
9j) 96 00 80 98 95 89 79 2 .. ______________________________ 
117 94 88 79 94 91 86 76 0 _________ c ______________________ 
00 87 82 73 81 79 74 66 

I Effects of Jane widths and lateral clearances on driver comfort, accident rates. etc., are not iucJud€.d in these relations. 

The practical capacity of a two-lane rural 
road with lanes 9 feet wide, for example, is 
only ·70 percent of the capacity of a similar 
road with 12-foot limes. 

Restrictive Lateral. Clearances 

Vertical obstructions such as retaining wall , 
light poles, and parked cars adjaceot to the 
edge of a traffic lane reduce the effecLive width 
of that lane as shown by table 7. A 24-foot 
pavement with a br idge truss. at the edge, lor 
example, has . the ame effective ,vidth as an 
I8-foo pavement with 6-foot boulde _ In 
addition to t beir effect on capacity, lane, idtb 
and lateral clearnncesalso affect driving com., 
fort, acoident rates, etc_. which the relat ion
ship shown by these tables do not include_ 

The ombined etrect on capacity of lane 
width and clearance from the pavement edge 
to obstruction ar hOWD by table. 8. Some 
judgment mu t obviously . he exercised when 
applying t hese adjustments to highway sec
tions where the lateral restrictions are not 
continuous along the entire length_ One 

lateral restriction within a section of highway 
will cause a bottleneck and thereby directly 
affect the p08sible capacity of the.entire sec-

Narrow SMulders, and SMulders that are 
poorlymainUJined, seriouslyimpair the 
capacity of a highway. 
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. A short-span b~idge of inadequate roodt.txly 
width. 

tion. ThepracticaZ capacity ·of the: section, 
however, may be affected only slightly. 

For example, one bridge 24 feet wide and 
100 feet long on a highway with a ·24-foot 
surface and a normal shoulder width of 8 
feet would reduce the possible capacity of that 
entire section by 24 percent (from 100 to 76 
percent, table 8). The . practical capacity, 
however, would be in:flllenced for only a short 
distance. thereby aifectin:g the practicalca
pacity· of . the entire section a lesser amount, 
in: proportion to the relative lengths. 

While no research data are available ra
gardi.n:g the 'exact length of highway over 
which an individual obstruction within 6 feet 
of the pavement edge affeets traffic operations, 
it seems reasonab1e, from the results ofobser
vations for other purposes; to assume that 
traffic will be affected to some extent for 9 
seconds before reaching the lateral obstruction 
and that the net effect will be approximately 
the S8,me as the full effect .while traveling for 
4* seconds plu the distance over which the 
restrictive · clearance continued. With traffic 
averaging 45 mil per hour the bridge in the 
a.bove example wou1d affect traffic over a dis
tance of 397 teet (297+ 100) . The praCtical 
capacity of . the entire section of highway, if 
it were 1 mile long, would then be reduced by 
the narrow bridge from 100 percent, the prac-

tical ca.pacity of a highway with 12-foot lanes 
and no lateral restrictions, to 

(100X4,883)+(70X397)=93 percent of the 
5,280 

capacity of a highway with 12-foot i&nes and 
no lateral restrictions. . 

Table 8 shows the cOmbined effect of lane 
. width and lateral clearances for two-lane 
highwaysard for divided four-lane highways. 
For undivided four-lane highways, the lateral 
cH~araIice on the left side ·of the lanes for 
travel in the one direction may be assumed to 
be equivalent to the distance from the left 
edge of these lanes to a vehicle centered in the 
adjacent lane used by traffic traveling in the 
opposite direction. . . . 

Likewise when there are more thaIitwo 
lanes for the one diiectionoftravel, interior 
lanes may 00 assumed to have the same ca.
pacity as lanes with lateral clearances equiva
lent to the distance between the edge of the 
lane and a vehicle centered in the adjacent 
lane. For example, . if conditions are · such 
that the practical capacity for one dir ction 
of travel on a four-lane divided highway with 
a wide median, 10-foot shoulders, and 12-foot 
Jan is 1,500 pas enger cars per lane !Jer 
hour then for similar conditions the ptactlCal 
c p~ity ~f the three 100Coot la.nes for on 
direction of travel on a six-lane divided high
way with a wide median and lO-foot houlders 
would be: 
For laneal and 3 ' __ o. 91Xl, 500X2=2, 730 
For lane 24 __ ______ O. 6Xl,500 =1,290 

Touu __ ____ _________________ 4, 020 

S lwulders 

At no . time are adequate shoulders .mo.re 
necessary on a highway than when t.he }anes 
are used to ,fvll capacity. Without a p.lace of 

' F/lCtor of 0.91 from table 8, l~Coot ltuJ wfth no obstruc
tiOIll!. 

• Factor of 0.86 from table 8, 1(J..foot lane with ctlClimnces ot 
2 feet on either side to cars In adjoining lanes. 

Bridge rails must be well removed from the edge of the pavement if they are to have no 
effect on the trajfic capacity of a highway. 
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CofUideration mrut be given to the needa of 
diMJbled vehicla, oj which ORB may be 
ap6Cted for every eight to ten thoUMmd 
vehicle-miles oj trCJ1l6l, if all tTGjfie u to 
be properly served. 

refuge outside the · traffic lanes, one · disabled 
vehicle can reduce the capacity of a highway 
by more than the capacity of one lane, especi
ally if · the lanes are less than 12 feet wide. 
The disabled vehicle blocks the lane occupied 
and in: addition, reduces the capaoityof 
adj~ini.n:g lanes whenever vehicles must merge 
into fewer·.Ianes at speeds below 30 miles per 
. hour. ; For example, too ,poBBible capacity of 
a traffic lane with vehicles ID(}ving at 20 
mi1esper hOur is only 87 percent of its capacity 
at 30 miles per hour. At 10 miles per hour a 
lane has ·· only . about 50 percent of its 30-
mile-per-hour capacity (see fig. 3). Aminor 
accident which causes ·a reduction in.· speed 
can; therefore,cause complete cOngestion on 
a facility operating near· its possible capacity. 
For lanes less than 12 feet wide, shoulders 
tteated with ·bituminous materials (or a width 
of4footor more in:crease the effective width 
of the adjacent traffic lanes by 1 foot. 

Commercial Vehicles 

Commercial vehicles reduce both the practi
cal .and poSsible capacities of a highway (see 
table 9) in: terms of vehicles per hour because 
they occupy a greater road space And in:fluence 
traffic .over a larger area than do passenger 
cars. They also generally travel at lower 
speeds, espeCially on · upgrades, thereby in
creasing the number of . passin:g IllAneuv~rs 
t.b&t are l;lece ary 'for othervehic1e to .mam
tainreasonable speeds. On. multilane facili
ties with uninterrupted flow, one commercial 
vehicle. (in:cludesonly those vehicles having 

Table 9.-Effect ofcommercrol vehicles ~~ 
practical capacities of multilane facrU
ties 

Commercial vehicles 

Percent None ______ __ _______________ _ 
10 _____ ____ ______________ __ __ 
20 ___ ___ ____ __ ______________ _ 

Capacity expressed as aL 
percentage of passen
ger-car capacity on 
level terrain 

·Level 
terrain 

Percent 
100 
91 
83 

Rolling · 
terrain 

PtTcen/ 
100 
77 
63 



The effect of trucks on capacity is greatest 
where alinement is poor and grades are 
long and steep. 

dual tires on rear axle) has approximately the 
effect of two passenger cars in' level terrain, 
and of four passenger cars in rolling terrain. 

For example, approximately the same 
operating conditions will prevail on an express
way through rolling terrain when there are 
1,500 passenger cars per lane per hour as 
when there are 115 trucks and 1,040 passenger 
cars per lane, a total of 1,155 vehicles. 

In mountainous terrain the effect varies 
, widely with the particular , profile but, as an 
average, one commercial vehicle has ap
proximately the same effe,ct as eight passenger 
,cars. The values of table 9 apply only to 
percentages of commer,cial vehicles within 
normal limits and do not include the effect of 
bus stops, etc. Care must be exerciBed in their 
application because the percentage of com
mercial vehicles during peak hours is generally 
considerably lower than the a v~rage percent
age during all hours. On two-lane highways, 
the effect of commercial vehicles is abou't 25 
percent greater than on multilane expressways. 

Imperfect Alinement 

The ,alinement and profile of a highway are 
important factors affecting its capacity at 

, Table lO.-Percentage of total traffic and 
percentage of passed vehicles tratJeling at 
various speeds on two-lane highways 
where sight distances and oncoming traf
fic do not restrict passing opportunities 

Average main Highest.speed 
ruralbighway rural highways 

Spe<>-<i group 
(m. p. h.) 

Passed All Passed All 
traffic vehicles traffic vehicles 

-------
PerClnt PerClnt PerClnl Paunl Ovet 50 ______ • _____ 11 1 39 6 40 to 49 ________ ____ 57 15 43 40 30 to 39 ____________ 30 54 17 40 Below 30 ___________ 2 30 1 15 
---------TotaL _________ 100 100 100 100 
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different operating speeds. In combination, 
they influence the sight distances along the 
highway or the length of roadway visible to 
the driver at any point on the roadway when 
the view is unobstructed ' by other traffic. 
To determine operating conditions on a high
way, ight distance is divided into ,two 
categorie : stopping sight di tance and passing 
·ght distance. 

topping sight distance is the distance 
required by the driver of a vehicle, traveling 
at a given peed, to bring hi v hi Ie to a top 

ftar an object on t he roadway becoIUes 
visible. Passing ight distance i the rruni
muIU sight Qistance tha IUUB be avallable to 
.enable · the driver of ODe v hicle to pass 
another vehicle safely and comfortably, 
without interfering with. the speed of aD 
oncoming vehicle houJd it come into. view 
after the overtaking maneuver is started. 
Stopping sight distances .are necessary con
tinuously on all types of highways, whereas 

Heavy grades, a..'l a rule, ha_ littleeJfect on 
the speeds of passenger cars. It is the 
restricti_ sight distances, which wrually 
accompany steep grades, that create con
gestion at low vOlumes in mountainous 
terrain. 

passing sight distances are necessary only on 
two-way roadway with two or three lanes. 

Where ·ght distances are inadequate on 
two- and three-lane highways, driv rs are r 
8trict~d in mueh the same mallller if he 
lan used lor p ing were tilled with oncoming 
vehicles. The prudent driver must always 

ume he xi tenae of an approaching v lucIe 
ju beyond the limit of his ight distance. 
Tbe reduction in capa jty cau ed by short sight 
di tance can be obtained by using as a cri
terion the percentag oC th total highway on 
which ight distan ar i.n ufficient to permit 
PM ·ng maneuvers to be perform d aCely. 

Th results of p in -practice tudi con~ 
due ted by the Bureau of Poblic Road in 
cooperation ,,,i th several tate highway de
partment. at locations where the alinement 
and profile provided unllrnited opportunities 
for passing reflect the need for passing sight 
distances on t wo-lane rural highways. Table 

· T able n.-Effec t of pas ing 8ight.-di Lance 
" : re triction onpract.ical capocitie of two
. lone highways when ad quate stopping 

right d~tances are a hcaY8 present I . 

PtllC~cal 08J)f1c:itl', In pas
seognr can! per bour-

Percentage or r;olJlllcn,:r.b 1--------- 1 
or hlghwny on whlob 
tllfb~df tolIcels realrlc~- For opemt
Old to Ins! baD 1,000 Coo~ lnupoed J or 

0 __________ • __ •• _____ • 
20_ " _____________ • __ _ 
40 __________ • ___ •• ___ ._ 
60. _______ • ___ __ • ___ • __ 

100-::::::=::::: :::::: 

46-W miles 
pCr bour 

GOO 
860 
800 
720 
620 
600 

For 01 ror.
Illg speed , or 
ISO-M mllca 

pcr bour 

GOO 
660 
~ 
420 
300 
160 

1 The data in tbls table apply to sections WIth 12-foot traffic 
lanes, shoulders adequate for parking disabled vehicles clear 
of the traffic lanes, and a continuous atDppinlt sight distance 
corresponding to the design speed Abo, the sight distance 
on the restrIcted portions of tbe Section must be uniformly 
distributed between the requlre.d stopping sight distance for 
the design speed and 1,500 feet, 

• Average speed for drivers trYing to travel at mllXlmum 
safe speed •. 

10 shows the speed of the vehicles that were 
passed related to the speeds of all vehicles on 
the average main rural highway and on the 
highest-speed rural highways during periods 
of low tra.ffic when passings: could · be made 
almost without interference from oncoming 
traffic. 

Since these are the conditionS that exist 
where alinement provides unlimited oppor· 
tunities for passing,the greatest need .on rural 
two-lane highways is for sight distances that 
will permit vehicles traveling ·under 50. miles 
per hour to be passed .safely. 

The resUlts of the passing-pra.cticestudies 
show that for the most critical.condition, when 
the passing vehicle first slows to the speed of 

· the passed vehicle before accelerating to per-
· form the passing maneuver, · a sight distance 
, to the road surface of ·1,500 to 2,000 feet is 
required topass .a vehicle traveling between 
45 and 50. miles per hoUr with Ute po ·bility 
of oncoming traffic traveling 70. mUe per hour. 

, In mountainocu terrain the effect of trucluJ 
on higll1DCJY capo ity can be minimi~d by 
the ons-truction of added Ian on up
gradeJJ. ThU i.'I not a thr -lane road in 
t1te cuual un e. 
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Passing sight distances within the range of 
1,500 to 2,000 feet are, therefore, those most 
widely needed at frequent intervals on rural 
highways. 

Where sight distances within the range of 
1,500 to 2,000 feet are not continuously avail
able throughout the length of a two-lane high
way, the percentage of the total length of high
way with a 1,500-foot sight distance can be used 
as a criterion of the highway's practical capac
ity. Table 11 shows the reduction in capacity 
caused by sight-distance restrictions when 
operating speeds of 45 to 50 and of 50 to 55 
miles per hour are desired. 

Figure 18 shows in more detail the effect 
of passing sight-distance restrictions on the 
capacity of two-lane highways for various 
operating speeds. 

Grades 

Grades affect the capacity of a highway in 
three ways, as follows: 

1. Vehicle braking distance is less on up
grades and greater on down grades than on 
the level, thereby permitting shorter spacings 
between vehicles that are climbing grades, 
and requiring longer spacings between vehicles 
going down grades, in order to maintain a 
safe headway. 

70 M. PH. DESIGN 

2. The presence of a grade generally causes 
a restriction in the sight distance, thereby 
affecting the percentage of highway on which 
passing maneuvers can be performed safely. 

3. Commercial vehicles with their normal 
loads travel at slower speeds up grades than 
on the level, especially if the grade is long and 
steep. This is also true to some extent for 
passenger cars Most passenger cars, how
ever, can negotiate long 6- and 7-percent 
grades at speeds above 30 miles per hour. 
The effect that grades up to 7 percent have on 
capacity as related to the performance of 
passenger cars is therefore generally negligible. 

In the discussion of commercial vehicles, 
it was stated that one commercial vehicle on 
a multilane highway has approximately the 
same effect on capacity as two passenger 
cars in level terrain and as four passenger 
cars in rolling terrain. It was also stated 
that their effect on capacity for two-lane 
highways is 25 percent greater than on multi
lane highways. The figures refer to general 
conditions over the entire length of a highway. 
In considering the effect of an individual 
grade, the length and rate of grade are im
portant factors. 

The relationships between speed of trucks 
at the bottom of a hill, percentage of grade, 

HIGH SPEED EXISTING 
HIGHWAYS 

~ 45 ~--+---~---+--~~~ 
o 
J: 

540 
0. 

'" ~ 35 '--__ .L. __ ...L. __ -L __ --1 __ ~ 

~ 

I 60 M.P. H. DESIGN 
~ 60 ,.----,---,-----r----,----, 

'" a. 

'" ~ 55 b--+_--J..:= .... J 

'" a: 
~ 50 >-~+_-"""l-~--i-~"""'~~ 

25 ~ __ -'-__ -'-__ -'-__ -J~--' 

60 M.P. H. DESIGN 

MAJORITY OF EXISTING 
MAIN HIGHWAYS 

50 M.P H. DESIGN 

o 20 40 60 80 100 0 20 40 60 80 100 

50 M.P. H. DESIGN 

40 M.P. H. DESIGN 

o 20 40 60 80 100 
SIGHT DISTANCE RESTRICTIONS - PERCENTAGE OF TOTAL LENGTH 

Figure 18.-Possibk average speed at different traffic volumes, for drivers trying to travel 
at the design speed, when the sight distances on various portions of the highway are 
less than the passing sight distance. 
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Table 12.-Distance from bottom of grade 
at which speed of trucks is reduced to 30 
miles per hour 1 

Grade 
Distance 

from 
bottom of 

grade 

Vertical 
cllmbfrom 
bottom of 

grade 

L,GHT·rOWERED TRUCKS WITH GROSS LOADS OF 
3D,000 POUNDS 

Percent 
2 .......................... . 
3 .......................... . 
4 ..•...•.•............. _ ... . 
5 ...•..•.............. • ..... 
6 ....•.................••... 
7 ........ _ ................. . 
8 .......................... . 

Feet 
2,000 
1,000 

760 
570 
470 
400 
325 

Feet 
40 
33 
3D 
29 
28 
28 
26 

MEDIUM·rOWERED TRFCKS "!ITH GROSS LOADS OF 
40,000 POUNDS 

2 ...................... _ ... . 
3 ....... •.......... _ .....•.. 
4 .•...••••..•.••••• _ ..•.•••• 
5 •......•••.•••..•. _ .•...••• 
6 .•••••..••.•.•• _ •. _ ....•••. 
7 ....... . .....•..........•.. 
8 .................. _ ....... . 

1,780 
1,035 

740 
550 
450 
31lO 
320 

36 
31 
30 
28 
27 
?:l 
26 

I Assuming an approach speed of 40 m.p.h. Bad aline· 
ment, weak or narrow bridges, or other hazardous conditions 
at the bottom of the hill would make this approach speed 
unsafe. 

and distance upgrade are shown in figure 19 
for light-powered motortrucks or combination 
units and in figure 20 for medium-powered 
motortrucks or combination units in operation 
in 1941. 

The light-powered vehicles had engines 
which, on an average, would develop 93 brake 
horsepower; the medium-powered vehicles had 
engines which, on an average, would develop 
106 brake horsepower. Heavy-powered ve
hicles in operation in 1941 had engines which 
would develop, on an average, 115 brake horse
power. At the present time, light-powered 
vehicles will develop nearly the same brake 
horsepower as those considered medium
powered in 1941. 

From these data, for the power and gross 
weights of vehicles represented, it is possible 
to determine how far a vehiclc, starting its 
climb from any speed between 9 and 41 miles 
per hour, can travel up various grades or com
binations of grades before the maximum sus
tained speed reaches any stated value. The 
solid curves in figures 19 and 20 indicate the 
performance that may be expected when the 
beginning speed is above the possible sustained 
or crawl speed. The broken lines, starting 
at 9 miles per hour, show what performance 
may be expected when the hill is approached 
at crawl speed. 

Table 12, for example, shows the distance 
that light-powered trucks with gross loads of 
30,000 pounds, and medium-powered trucks 
with gross loads of 40,000 pounds, can go up 
various grades before their speeds are lowered 
to 30 miles per hour, assuming that they enter 
the grade at 40 miles per hour. It will be 
noted that the length of grade that reduces 
the speed to 30 miles per hour is approxi
mately the same for the light-powered trucks 
with gross loads of 30,000 pounds as for the 
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45 

40 

35 

30 

25 

20 
j 
• It: 

15 ::) • 
0 
% 

It: 10 ... 
0-

S 
III ... 
...J 0 i 
I 

~ 45 
c( 
Ir 
Cl 40 
~ 
c 35 ~ ... ... 
0-
<II 

30 

25 

20 

15 J! 
~ 
~-10 

5 

o 
o 

1~..J. , .. -
r===:: - -,...-~ .- -' -.. ~ ~ ~ - --""< -- - ---
Ii. ~~-- -- -- - -- --- -... ...: .-
~ 

GROSS WEIGHT I O.O?O ~OUNDS 

~ ~~ ........ " --~ ~ :i:: .......... ---...... -
~ 

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

~ ~ :---~ - -
".~ '\:~ f-"'" - D r--

'1.', .... ~. ~ --... - --.. ." :~ ~ r=-... :-::-!;'~ .... :t. 
-;~ ~ 

p-::'-= •• :~ ~:" Ic:..-

GROSS W,EIGHT 30.000 POUNDS 

500 1000 1500 2000 2500 

... ., . iIIlf ---- ---- - ~ ~ ~ r--I'--

'\ fJ!:: ~ r--. -~ --I'-. ---- --
"-~ ~ ~ i--~ r--. ..::.. --- -:-~ .. 1Iw-- -;." ~~ .:-:.. ~.::-. S. 

.--' ts "":. '" ..... ~ i-,--

" ,;, --j,." ----~ --If ' .... -:.:U ~ , 
'I 

GROSS I WE IGHT ;20,000 ,~OU~,oS 

I ., §; ~)~.l 

~ ~ ~ 
..... r-
~ r-

-- ---- ~~" i'- ----I'-.. r..... 

I'-- --~ ~ \." " ~ -- ::::-~ ~-. --
'J.1o.~ s.~ '\ ........ ::-... r--"" ... ,., ~- ~ ' -- --I"" - --c.- .-

-'~ -\ -~ :-- ~ :::--- -........ 

GROSS WEIGHT 40,OOO~OUNDS 

3000 J500 0 500 

DISTANCE UPGRADE - FEET 

1000 1500 2000 2500 

- ----
- -- --
--

--- --I'------ --~== 

3000 3500 

Figure ZO.-Effect of length of grade on the speed of medium-powered trucks and combinatioH$. 

October 1M8 • PUBLIC ROADS 



Table I3.-Effect oj commercial vehicles and 
grades'on the capacity oj two-lane high. 
ways with uninterrupted trafficjlow when 
the grade does not cause a restriction in 
the passing sight distance 

Length of grade 

Equivalent of one dual-tired 
commercial vehicle, in terms 
of passenger cars, on a grade 
averagIng-

3 per- 4 per- 0 per- 6 per- 7 per
cent cent cent cent cent 

1-------1---------
Mi1e8 

0.1._________________ 3.9 4.1 
0.2_ _________________ 4.1 4.3 
0.4__________________ 4.3 4.6 
0-6------------------. 4. 4 4.8 0.8__________________ 4.6 5.1 
1.0__________________ !.6 5.3 
1.5__________________ 4.8 0.6 
2.0__________________ 0.0 6.8 
3.0__________________ 5.0 6.0 
4.0__________________ 0.1 6.0 
5.0__________________ 5.1 6. 0 
6.0__________________ 5.1 6.0 

4.2 4.2 4.4 
4.5 4.7 5.1 
4.9 5.3 5.5 
5.2 0.8 6.5 
5.7 6.4 7.1 
6.0 u.7 7.4 
6.3 7.0 7.7 
6.5 7.28.0 
6.6 7.3 8.2 
6. 7 7.4 8.3 
6. 7 7.6 8.3 
6.8 7.6 8.3 

medium-powered trucks with gross loads of 
40,000 pounds. Grades longer than those 
shown in table 12 would, therefore, have an 
effect on the po sible capaoity of a highway 
because they reduce the peed of trucks that 
occur with con iderable frequency to speeds 
below 30 miles per hour, the optimum speed 
for maximum capacity. 

If, for the time being, we disregard the etJect 
that grades have in causing sight-distance 
restrictions, the efl'ect of one commercial 
vehicle on highway capacity, in terms of pas
senger cars, is as shown in table 13. There 
would obviously be an additional effect due to 
the restrictive sight distances on the grade 
which would prevent passing maneuvers from 
being performed 88 readily as on a level section. 
The effect due to restrictive sight distances, as 
shown in table 11, must therefore be added to 

Table H.-Effect oj commercial vehicles and 
grades on the capacity oj two-lane high
ways with uninterrupted trafficjlow, with. 
passing sight distance restrictedJor 1,500 
Jeet ahead cd the crest and a typical aline
ment eUewhere along the grade 

Equivalent of one dual-tired 
commercial vehicle, in terms 
of passenger cars, on a grade 
averagjng-

3 per- 4 per- 5 per- 6 per- 7 per
cent cent cent cent cent 

---------/----------
Percentage of high

way with restrict
ed sight distance 
(assumed as typi-
ca!) _______________ 30 40 50 60 70 

Capacity of high
way with restrict
ed sight distance, 
liS a percentage of 
unrestricted ca-paCity ____________ _ 

Length of grade, in 
miles: 0.1. ____________ _ 

0.2 _____________ _ 
0.4 _____________ _ 
0.6 _____________ _ 
0.8 _____________ _ 
1.0 _____________ _ 
1.6 _____________ _ 
2.0 ___________ • __ 
3.0 _____ . ____ • __ _ 
4.0_ • ___________ _ 
li.O _____________ _ 
6.0 ___ • __ • ____ • __ 

87 

5.8 
6.0 
6.3 
6.5 
6.6 
6.7 
6.9 
7.0 
7.1 
7.1 
7.2 
7.3 

81 75 ----

7.1 8.6 
7.4 9.0 
7.8 9.6 
8.2 10.1 
8.5 10.6 
8.7 11.0 
9.0 11.5 
9.3 11. 9 
9.4 12.0 
9.4 12.1 
9.5 12.1 
9.6 12.1 
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69 62 
----

10.2 12.5 
10.9 13.6 
11.6 14. 6 
12.~ 16.1 
13.0 16.8 
13.5 17.4 
14.1 18.2 
14. 5 18.4 
14.7 19.0 
14. 7 19.1 
14. 8 19.1 
14.9 19.1 

the effect shown in table 13. To illustrate the 
total effect that one commercial vehicle has on 
capacity in terms of passenger cars, including 
the effect of imperfect alinement, table 14 has 
been prepared· assuming that the percentage 
of restrictive sight distance increases from 
30 percent for a 3-percent grade to 70 percent 
on a 7~percent grade. For specific conditions, 
these percentages should be modified to 
correspond with actual conditions. 

The data shown in table 14 can be applied to 
a number of problems: For example, table 15 
shows the relation of length and. rate of grade 
and of traffic volume to the type of facility 
required in order to. provide oPf:lrating con
ditions equivalent to conditions . on a . level 
stretch with 800 vehicles per hour, including 
10 percent commercial vehicles. 

Table I5.- Effect oj grades on type oj high
way Jacility required when the trQjftc in
cludes 10 percent commercial vehicles 
with dual rear tires 

Type. of fac!Uty 
required to 
provide satis-
factory operat-
Ing conditions 
~PFnger 

Gradl- Traffic Length of Two-
ent volume grade Jane 

high-

Two- wah four 
lane wit lane 
high- trnck high· lane way on way 

gEi 
side 
-- -

Per- Vehlclu 
cent per hour 
0 ____ {8OO or less_ Any length ____ X -- --Over 800 3_ Any length ____ ---- -- X 

f50 or less_ 
Any length ____ X -- --3 ____ 

501 to 800 __ e,loo feet or less X -- --
Over 1,100 feet -- X --Over 800 ,_ Any length ____ -- -- X 

{liOO or less_ 
Any length ____ X -- --4 ____ 501 to 800 __ {8OO feet or less_ X -- --
Over 800 feet._ -- X --Over 800 ,_ Any length ____ -- -- X 

{400 or less_ Any length ____ X -- --5 ____ 401 to 800 __ {600 feet or less_ X -- --
Over 600 feet._ -- X --Over 800 ,_ Any length ____ -- -- X 

roc~ 
Any length ____ X -- --

351 to 4O(L rooo feet or less X -- --Over 4,000 feet X --6 ____ Under liOO feet X --401 to 800 __ liOO to 4,000 feet -- X --Over 4,000 feet -- -- X 
Over8OO'_ Any length ____ -- -- X 

roc~ 
Any length ____ X -- --

301 to 350 __ {aOOOfeet or less X -- --
ver 4,000 feet X --7 ____ 

{Under liOO feet X X --351 to 800 __ liOO to 4,000 feet -- --Over 4,000 feet -- -- X 
Over 800 ,_ Any length __ :_ -- -- X 

I Satisfactory operating conditlona for passenger cars are 
here conaidered as the equivalent of a C8fuaclty of 800 vehicles 
per hour on level sections of a two-lane ghway. 

• This table Is based on the assomCons that a three-lane 
highway on which traffic in both ections has an equal 
right in the center lane has no place in modern highway 
dealgn. Also, when the hourly traffic volume used for da-
sign p~ (30th highest hourly volume in the year) ex-
ceodlI vehicles, a four-lane divided highway is required 
for any condition of ~ n t or lIIinc.niont. I1 the sight 
distrulce ill reatrlcted. to than ~0100 feet on portlons of the 
hlgbway other tban tbe I!T1Ido an or oanaIdllration, lUI added 
truck lnnB or II four·lane blghwllY may be needed tor tramo 
volumea lower thaD tboee &bOWD III tbe roble. 

• I1 v-oluma is 5llllIcI~ntly 1lIgb, a t:ruok \nne may be necas-sarJ on the upblllsldll 01 a lour-Jime ~way, or a multilane 
hi way of mol'll than four IlIMlI may required. 

CAPACITlE 
ANNUAL 

EXPRE 
",,-I LY TR 

ED AS AVERAGE 
Fie VOLUMES 

The relation between peak hourly rates of 
flow and annual average daily traffic volumes 
is the subject of part VIII of this report. 
There, a method is outlined for converting 
peak hourly volumes into average daily 
volumes. It is shown that if the average 
daily traffic is known, the hourly volume 
during peak periods can be estimated by 
applying certain known factors. Conversely, 
the hourly capacity for a highway· may be 
converted to an average annual daily volume 
by appiying the reCiprocal of the factor. 
For most rural highways the factor for thia 
purpose is between 15 and 16 percent, with a 
typiceJ value. of 15.6 percent. Thus, for a 
two-lane rural highway with ideal conditions, 
the. average daily volume which will corre
spond to the practical capacity of 900 vehicles 
per hour is 900+0.156=5,750 vehioles .per 
day. Thia is an average value and conse
quently will differ according to locality. As 
a matter of interest, table 16 has been, pre
pared for the purpose of showing average 
annual daily traffic volumes corresponding 
to the practical capacities of various types of 
highways, using the factor 15.6 percent. 

It. should be obvious that volumes of the 
magnitude shown in this. table are seldom 
achieved without exceeding the . practical 
capacity, because the high design standards 
upon which they are based can.be economically 
justified in rare cases only. Particularly is 
this true for two-lane roads, the capacities of 
which are very sensitive to restrictive sight 
distances. 

In rolling terrain the alinement may be such 
as to cause a reduction of 50 percent or more 
in the average daily volumes for two-lane 
roads as shown in table 16. For any specific 
highway, an evaluation of the several factors 
affecting capacity must precede the computa
tion of a reasonable value for the annual aver· 
age daily traffic volume. 

Table I6.-Average annual daily traffic 
volumes corresponding to the practical 
capacities oj different types oj highways, 
as based on the Nation-wide average 
relationship between the thirtieth highest 
hourly volume and the average annual 
daily traffic volume 1 

Type or A vOI'8ge 8IlJlUlll dnlly tramc \folumll 
trama 011-

Two-Iune Four-lane Four-Jane 
urban exprese-Per- rura1roads rural roods' WIll'S' Per- cent.-

ocru- !~':n~ 1116 or 
JD PII&- mer- In In In .In In senger clal level roD· lavel roU· 1 vel roU-

oars ve- ter· ing w- Ing w- Ing 
blcloa rain tee- ra1n tor- rain ter-

raiD ralo ralo 

t-- - -
100 0 }, 71lO 5,71lO JO,250 111.250 37, liOO 37,0100 

110 10 , 200 4,450 17,0100 U,SOO 34,000 211,000 
SO 3) 4,800 3,000 16, 0Il0 12, 000 31, 000 23,600 

1 E:rocpt for tile pn!SeDce of commercial vehicles, roadway 
aod tnIillc coDditions are assUmed to approach the ideal, 
including 12-foot trafiic lanes, tangent alinement, and uuin-
terruptOO. flow. ' 

, ASSUJDing two-thirds ot traffic in heavier direction during 
peak hour. 
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APPLICATION OF CAPACITY INFORMA
TION TO SPECIFIC PROBLEMS 

The following examples illustrate correct ap
plications of the data contained in this chapter 
to specific conditions. In each example the 
problem is stated first, and the solution is then 
worked out in three successive steps: First, 
the capacity under ideal conditions is deter
mined; next, the adjustment factors for 
existing conditions are obtained from the 
tables; and finally, these factors are applied 
to the ideal-condition capacities. 

Example 1 
Problem. 

Whitt is the possible capacity of one tube of 
the Holland Tunnel during periods when 10 
percent of the traffic is heavy commercial 
vehicles'? The tube has a 2()';;foot roadway 
between curbs, a I-foot clearance to the 
vertical walls on each side, and a 4-percent 
grade. 
Solution 
For ideal conditions: possible capacity= 

2X2,OOO=4,000 passenger cars per hour. 

Adjustments: 

Surface width and lateral clear-
ances 5 __________ . ___________ _ 

Commercial vehicles 6 __________ _ 

Combined factor ___________ _ 

Factor 

0.80 
. 77 

0.616 

Application of factor: possible capacity= 
4,OOOXO.616=2,464 vehicles per hour. 

, Factor obtained from table 8. 
• Factor obtained from table 9. 

234 

Example 2 
Problem. 

What. are the possible and practical hourly 
capacities ofa two-lane rural highway with a 
20-foot surface and with frequent obstructions 
within 4 fectof both pavement edges, located 
in rolling terrain where 10 percent of the peak
hour traffic is commercial vehicles and' the 
sight distance is restricted to less than 1,500 
feet over 60 percent of its length? 

Solution 
For ideal conditions: 

Possible capacity=2,000 passenger cars per 
hour. 

Practical capacity=900 passenger cars per 
hour to provide operating speed of 45 to 
50 m.p.h. 

Adjustments: 

Surface width and lateral 
elearance 7 _________ ' __ _ 

Commercial vehicles $ ___ _ 

Alinement 9 ____________ _ 

Com bined factor 
(product of individ-
ual factors) ______ _ 

Application of factors: 

P08sible Practical 
capacity capacity 
factor factor 

O. 76 0. 71 
.67 .67 

1. 00 ; 80 

0. 509 0. 381 

Possible capacity = 2,000 X 0.509= 1,018 ve
hicles per hour . 

Practical capacity=900XO.381 =343 ve
hicles per hour. 

, Factors obtained from table 8. 
S Factors obtained from .table g, further corrected for in

creased effect of commercial vehicles on two-lane roads. 
, Factors obtained from table 11 (practical capacity factor -

720+9(0). 

Problem. 
b'xample lJ 

What are the possible and practical capaci
ties of the upper roadway of the San Francisco
Oakland Bay Bridge, which carries passenger 
cars only, and has three lanes each 9.5 feet 
wide for traffic traveling in each direction? 
The roadway is not divided and has high 
vertical curbs. 

Solution 

For ideal conditions: 
Possible capacity=2,OOO passenger cars per 

lane. 
Practical capacity for operating speed of 

35 to 40 m. p. h. = 1,500 passenger cars per 
lane. 

Adjustments (necessary only for the lane 
widths and lateral clearances): 

Clearance in feet 

Right Left Factor W 

Lane L _______ 

° 1.5 O. 74 
Lane 2 ________ 1.5 1.5 .78 
Lane 3 ________ 1.5 1.5 .78 

Application of factors: Possible Pracrical 
eapaciiy capa<:uy 

Lane 1 ________________ 1,480 1,110 
Lane 2 ________________ 1,560 1,170 
Lane 3 ___ . _____________ 1,560 1,170 

Total, vehicles per 
hOuf ____________ 4, 600 3,450 

16 To obtain factor for lane 1, Interpolate In table 8 for an 
average factor between values of zero feet on both sides and 
clearance of 1 ~ feet on both sides. Then Interpolate be. 
tween these average factors for 9· and l()'foot lanes • 
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Estimated Motor-Vehicle Registrations, 1949 

Motor-vehicle registrations and the volume 
of highway travel in the United States con
tinued their upward climb through the first 
half of 1949 and will surpass last year's record 
levels before the end of the year, according to 
preliminary estimates prepared by the Bureau 
of Public Roads. 

Registration reports from State authorities 
for the first 6 months of 1949 indicate that 
approximately 43,298,000 private and com
mercial motor vehicles will be registered during 
the calendar year, an increase over 1948 regis
trations of 2,230,000 automobiles, or 6.7 per
cent, and 446,000 trucks and busses, or 6.1 
percent. A tabulation of the estimates, by 
class of vehicle and by State, appears on the 
following page. 

These estimates do not include vehicles 
owned by the Federal, State, county, and 
municipal governments. The number of 
publicly owned motor vehicles registered in 
1948 was 529,062. 

The estimated .number of automobiles, 
busses, and trucks that will be registercd in 
1949 represents a 10-year growth in the motor-
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vehicle population of 41.4 percent, compared 
with 15.5 percent for the previous decade of 
1930 through 1939. The greatest increase 
has occurred in trucks and busses, which have 
risen 74.4 percent over 1939 and 126.8 per
cent over 1929, while automobiles have in
creased 35.8 percent since 1939 and 53.9 since 
1929. 

It now appears, however, that 1949 will be 
the first year since 1941 in whjch the percent
age increase over the previous year's registra
tions will be greater for automobiles than for 
trucks and busses. This is largely the result 
of the fact that the production of trucks in
creased more rapidly than that of passenger 
cars during the immediate postwar years. 
In 1949 it is expected that automobile produc
tion will be the greatest in history, .but truck 
production will be less than for 1948. 

The greater increase in automobile regis
trations resulted, of course, in a slight decrease 
in the proportion of trucks and busses to the 
total number of vehicles registered. Contrary 
to the long-term trend in which trucks and 
busses have risen from 13.0 percent of total 

registrations in 1929 to 14.6 percent in 1939 
and 18.1 in 1948, they declined slightly to 18.0 
percent in 1949. 

The relative increases in motor-vehicle reg
istrations during the last two decades have 
been accompanied by even greater increases 
in the consumption of motor fuel. With a 
tentatively estimated 31,400,000,000 gallons 
to be consumed on the highways by private 
and commercial motor vehicles in 1949, t he 
increase from 1939 is 52.1 percent and from 
1929 is 122.1 percent. The 1949 estimate rep
resents a gain of 5.0 percent over 1948, com
pared with an increase in 1948 of 7.9 percent 
over 1947. 

The increases in the number of vehicles 
registered and motor fuel consumed are re
flected in the most recent data on rural traffic 
volumes. It is estimated that there were 
2,167,200,000 miles of travel on rural roads 
in July, the latest month for which figures are 
available. This is an increase of 7.5 percent 
over the volume of travel on rural roads in 
July of last year, and is 25.2 percent more 
than the volume reported for July 1941. 
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