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FOREWORD |
Through the many years of his activities in the racp1d.1y expandingg‘f

fields of automotive' engineering and motor vehicle utlllzatmn,

David Beecroft was a pos:.tlve force for ‘cechnlca.l progress.‘ He “c‘o‘n-?

stantly brought to his associates the impreesion of a res‘tle‘es ir‘mer

drive to secure action, and an eagerness mergmg intoklmpatxence ﬁo

defeat delays 1n moving toward hloher standards of excellence for the H

marny diverse components that must be 1ntegra.ted and perfected to pron&e :

the desired end. product - efflclent hlg,hWay transport. He 1ns1sted

that the attack on each pro‘blem accord with sound techmques, ami helzeve
that advance comes through research In 1921 when President of the

Society of Automotlve Engmeers he sgid: “The roots of the present are

always found in the past ‘and we must study the past 1f we are tO Pm‘“_
ceed ccrrectly in 1nterpreting sanely the days that are to come- ‘

Ve mloht, perhe;ps modestly record ‘the nrogress that has been made

in highway transport development since Mr. Beecroft gave expressmn to 2
this principle. After four decades okf accelerated grow'bh in {che ext’errxtc
and varieties of services provided by the mef'or’etehicl'é, it is self-

evident that ih this period no other eixigle f;gct}erhe.s so profoundly
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affected the-pétférn of social and economic 1ife in these United States. ,
A particularly impressive chapter of the record would disclose the real-
ized éfrepgbh that highway t.,rz«'msp‘brt provided the United States for both
defense and offense during World War II.

It is more consistent, however, with Mr. Beecroft's philosophy,
to use the experience of the past to insure the complete rejection of
‘the‘fata.listic sﬁspicion that the current inefficiencies and hazards of
;ﬂiéﬁQ;&:tfansport are.neceaéarii§ inherent,

If we are to gain mastery over highway transport as an efficient
tool for na.tmnal 'orogres,,, and stop the toll t;hat ;ﬂe é,re paying for its
usé'in ’che tragic loss of life, the permanent ih,juries and the finan—

’ 01a1 costs of accidents that no nation, however wealthy, can afford, we
must cr:.tically re-v-examine our policies and practices, particularly the
‘ ‘thinklng back of these, to find the causes that are responsible for our
failu R We know we have taken many wrong turnings. Changking condi~
‘r.t‘ions reQuire"néw horizons in our applied techniques as knowledge is
'urifélded. an&"eipefiehce is more precisely iﬁterpreted. It is’ frofitléss
to Speculate uPon what we might have done had we fore seen in the early
"':;}ears a reasonable fractlon of the dimensions to whlch highway transport
) was S0 rapidly to grow, or had we anticipated more realistically its
;ﬁ;racteristics in éctual roll)erati.o‘n. | |

| Iy isa high honor to follow, in this séries of papers,
Mr. P‘-,ul G. Hoffman, who in 191+7 presented the David Beecroft lecture.

There 1s, in the general confidence of his fltness to carry the world-—wzde
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responsibility as head of the Ecaonomic Cooperation Admi_.ni,stxjation,; a.
récognition of his pajor contribution and efforts to bring hlghvay sai‘ety
into effective umty with our everyday living. o o

In the E.C.A, program the United States has accept‘ed.vhighf-y’intéx;_‘
national resﬁonsibility in the struggle t.§ achieve democracy, whic}.{
essentially means cooperation and coordination; The principle must b’e,“i?.
accepted and agpplied to every ma,jo'r feature of our nationai 1life if we ¢ ;
are to be an example of our ide.ology,worthy of the emulation of other
nations, Highway transport cohsist s of 80 many elementé that we . can cnly
secure an excellent standard of service as we approach complete coopera-.
tion and coordination. On this premise, it appears to be responsive to
the purpose behind the series of papers set iix motion by Mr. Beeycroft,ﬁ
to explore the present state of the art in the "si‘ngle field of highway :
design in relation to highway safety. |

In this particular and limited field there is urgent need for a |
major shift in the epproach to the determination of the geometmc de91g;1.

Since major changes in our thlnklng and in our pollmes applied in thls

field are indicated by the findings of intensive research now ayallable,,%‘}:~
it may, by inference, be expected that need for major changes exists in
other elements of highway transport. It is hoped that future paperé i’nfi
th/is series may present the record of the present, and also new c.anegts £
in the allied fields of motor vehicle design, motor vehicle administra-
tion, narticularly driver licensing and driver training, traff{ic laws,

enforcement and safety education designed to fortify driver behavior
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with disciplined attitudes of mind., These are all interrelated and
interdependent, and our mastery of the whole problem of street and high-
way transport with safety depends upon mastery in each of these fields,
This paper burports only'to record the devoted work of many indi-

{”nv1duals ‘and many organlzatlcns to advance the cause of highway safety.

- The Action Program of the Presidentt!s Highway Safety Conference the
;}xexten31ve‘work of the Automotive Safety Foundation, that of the National
¥f safety?Counci1, and of many others, are reflécted in the conclusions
Pl'féached‘ The factual data are the product'of thé Department of Research
?,ch the Pﬁhlic Roads Administration under Deputy Commissioner H. S. Fairbank,
~and inaparticulér result from detailed research of Mr, 0. K, Normann,
ur Carl Sasl, Mr. C. W. Prisk, Mr. W, P. Walker, Mr. A. Taregin, and
h;;bthéfggﬁﬁb have engaged.in the field of traffic research intensiveiy”and
::tdevotealy OVET many years.

’ . The application of such data to design practices of Public‘Boads

is the produét of the Division of Desigﬁ‘under'Débufy‘Commiésidher H;yﬁ;Iﬁnm
and his assoéiaxes. There is particular1response to the advanéevin desigp
‘réquirements by the Urban Division under Mr. Joseph Barnett.

The effort has been made to eliminate>personal opinion, an§ §0
substitute conclusions supported by detailed pbsérvaﬁiOns of éontfblied;
‘;‘researCh carried on over a sufficient period and wiﬁh adéquate repetifion
M‘,téljustify confidence in the results. It is, however not the 1ntent10n

"to reflect an implication of finality. Continuing research will refine
‘rand illumine_problems which are as yet cbscure, but it is cgrtaln.that

}g driver behavior (en masse) is the key to safe highway design.




CONCLUSIONS

4

ST Wé have reached the point in our knowledge ofbthe manner in
,'hlghways are used by the mass of traffie, to coordinate driver behav
ﬁnae?"prevailing traffic conditions, and the geometric details of'h ghw
fdeéiénf"ﬁhe degree to which the criteria so determined'are'adcepté
intelllgently applied in practlce will determine the degree of safe‘
c1ency of our future highways. .‘

Our prlncipally used street and\h1ghway systems are largely;
prodnct of the past onevthlrd century. Most of the improved milfag
been’built underﬁqulic pressures and also legislaxive‘ediotsi
thé'&oiiarovooor maximum lengths., In geoeral,;the‘deﬁigo‘foié?énce
been too oeager‘for today's quantity and chafacteriStics ofﬂtraffio;
Overloaded highways (by traffic capaciﬁy)‘are ooe'of\fhe?éhief}ooée
causes of hlghway accidents. v ‘ |

nghway design (geometric) to induce proger driver behawif
traffic streams will require rebulldiug or rehabllltation o
mlleage of both the nrlmary and princrpal secondany routes
standards. The cost will exceed annual expenditures hereto,
4and will require a long period; « e minimum of flfteen yeax’ and p
longer, Carefully planned dnnasl nrograms of rehabil1tatlon a
.gency need.
The apoealing angle of highways designed for safe op{raxi‘

that safe designs cost no more than unsafe d951gns 1f total costs,‘

‘con51dered. The initial cost of constructlng 8 hlghway 1s only one

ment and far less costly than other elements, of the total annual



ghway ﬁransport. The costs of owning, maintaining and operating mqre”-
million motor vehicles are many times the expenditure for highww
ructlon and maintenance. When these total costs to road users are
‘d.ered, plus the value of lost tlme for the mllhons of passenger cars
ea. for ’bus:.ness and for all vehicles oPerated by pald drivers, and. the

‘ ofj saving in’ time on the inves’cment of farmers, merchants and indus-

s_ts in their vehicles and in the merchandlse carrled there are few
aysvv indeed. :t'or which the small additional 1nvestment to design for

: eg;atiqn c’a.nnotbe ,justified on the economic basis of returns to.
aduse,rs. When é‘here~ are added to these costs the cost of h;g_hwayi acei- |
ntjs_: ;tl"}aﬁ:c-ax‘x .‘oé prevented by highways designed for safety, the economy
~s,&g’:h>high§rays ‘1s unassailable, Iﬁc{identally, highway engineers have:: |
""[.;:«wrecked professional conviction against the stone wall of com~"
ive per-fma,le" costs, We need a new conce;ot that recognizes the

‘ gemile and ton-mile se'rvices returned as the realistic.
cmmtmction costs. o

’ ‘ways ’d.esignecl for safety on the national sca.le will 'be realizetl»

"wly'. ‘I‘hare a.re many accidents which highways desigzed within

bi‘lﬂitias canno'b prevent. The only hope of mamte.ining ‘the dowm- :

brend, of accidsnte, p«articularly fate.l accxdents, is the vigorous

cat*ion, anforeement and papu.lar support of the Action Program of tha

B{;tf,g H‘.lghway Safety_ Conference.




“The Background of Highway Design

For t00 long, and in to0 great f&eg‘z’?e‘é“ B3,

distorted by ‘the tyranny of wrong concepts. Most impertant o

‘its adverse 'lmpacts is the error of_ tninking of the 'mgitqi' ¥

static in relation to the highway. In usAe"b t‘he‘: véhidfé is
takes on very different qualities.
“When the motor vehmle first appeared 1t was held to

“Anterloper-on highways whose function was to serve horse*-dr Wn

'-As the number in¢reased, only mlnor .conc,essmn's"v we‘re«macle;'t
'speed in. the way of stg)erelevated curves, - probably borro'
railroad practice. The effects of ras.lway englneering tene :

way . des1gn are ev1denced by the meager tolera,nces whmh havei

;‘70 ,dey;_at;px; from course, The motor vehicle in :ma?-?imn;:;

i aentlty ‘and 1ts freedom. As an 1ntegral part of a

flOw line, a,nd in contiguous stream's, The“’b’l‘d ad

mth f oot on the acnelerat o

?’havio-r at the whee}_ y

':ee&s. »

Drlver behavior en masse reflects nomally a.verage ruraly, spet



re designed, the foot on the accelerator is the normal ciriving position,
1

,é." through the acce}.erator the drlver expresses not only his d951re to -

,re‘.zach an obiectzve but in addition a wide range of feactions that nay be"jy”‘?
Qnscz.ous emotions or unconscious reflexes, The driver en masse is not
"‘s:.gned. for h:.gh sPeeds mth safety., Once the mean and range of human
ehanor are &stermlned by precise measurements extended to thousands of :
“servatlons nntll the general nattern emerges, the design 11m1ts thus

1xed.' will have suffmlent tolerance to provide for the usual departures

Tr’de econemy is served only if this test 4
I

s; met and t}ms saf etv becomes d:.rectly a measure of efficient as well

ccnomical &eszm.

The rgt:.o of commercia}. vehicles to passenger cars has important .

S upcz‘xftheﬁ road capacity to carry traffic. In 1904 the ratio of

and?»%&ses to passenger cars was 1 to 78; by 1910 this ratio had-

1 1920, 1 to 7.3: 1930 1 to 6.5; 19%, 1 to 5.9; and“‘:?

it thl.s year the ratib will be about 1 to 4.5, (Refer to

&ha uercentage of ‘commercial vehicles in the total dally

“affxc flow 15 ,c;ontmu}.ng to increase, and for this reason more adequate

gnlt ion of the mqazrements of such traffic must be mcorporated m

iyd.esagn to insure safe efflclent operatlon of all traffic.
‘l’hﬁ influence of mreasz.ng the percentase of commerclal vehzcles_
on 'th.e total capacity on mu.lti—-lane hlghways, under the favorable con~

ions af‘ uninterrupted‘flow,, is 111ustira’ce.d»by‘the following:



Effect of commeniPpl vehicles and gre.des on
practical capacu@lés of multi~lane facilltles

Commercial vehicles Level terrain Rolling talrij

ae g5 ee se

Percent Percent of passenger car capac;lty
on level terrain :
None 100 i 100
20 91 : 7
2y 83 : 63

®s @4 e s 4w 4% me se he en-es

On two-lane highwayé the limitations of capacity are more severe

In the years just prior to 1946 the national fa’call’cy rate
about 12.0 d.eaths per 100 million vehlcle~m11es of travel. Izi
January 1946, the rate was 12,L4. The President's Highvay Safety

Conference was called in May 1946, and notwithstanding the bad record o

. the first three months of that year, the upward trend was hal'tgign;é{‘t“'

- abruptly downward so effectively that the year ended with a rate of

The wholehearted support, and thé devoted interest and efforts af argan
: zatlons, officials and the public in puttlng into effect the a;ct G'

gram developed through the Conference are ma}.nly respcn31’ole for thi

reductlon in the fatality record to the estlmated rai;e fcr 19148 of‘

per 100 million vehicle—miles. 4£s this rate is loweredwe mujs_‘t_.le;p

reach a critical point at which a continuing decrease_w‘i'll prﬁ'bvé; imp‘b‘ss
]

through education, enforcement and the other means whlch have been ;

ble for the splendld record made since May of 19&6 In addltlon there
must be the rednction through the general use of hlgher standards ef h

wa,y design, of the current fantastlcal},y hlgh accldert potentials. ; J.he



stror;o‘m'lcal number of acc:.dents ’chat do.not happen is terrifying. A4s
ra,f:t'lc volume increases the accldent pos51b111t1es that is, the pres—
fsure,s for accldents build wp in geometrlc ratio. The accident poten-
:tlalls can only be reduced with certamty by reducmg the possﬂ)le
jnﬂjn,cts of traffic units.

| “We Imow that major reductions in the fatality rate can be made by
provzda.ng properly designed, modern highway facilities, as is evidenced
3’; the record of blghways on whlch the accident potentials are grea‘bly

n'e follqwing highways carr:/ large volumes of traffic and have

vfatality rates as low as one flfth or one’ third the national average

'because of the contrclled access design in which conflicts of all kinds; -

‘sf trafflc, pedestrlans, and trafflc enterlng along the roadsides, —

~M_pe¢n maﬁer,lally reduced or eliminated. ' - -, i

Rate (Deaths per 100

Facility = g _ ‘ million vehicle-miles)
Merritt and Wilbur Cross Parkways (1946) 2.5
. :Chicago Outer Drive (1946) 2.9
_Ryverside Drive (Callfornla) (19k1~hk) 3.0
'~ Arroyo Seco Parkway (19L1-lk) 3.9 .
© ' Metropolitan Few York Parkway System (1928—1911-8) 2.5
Penta,gon Network, Washmgton, D. C. 2-Ug) 1.5

The Pentagon Network is composed of 17 miles of onewway through

road.s 7 71 miles of one~way connectmg ramps and 2.3 miles of two—way

ocal service roads, — a total of 27 miles — on which the vehicle nileage

;o_r the pez‘lod of slightly more than six years since its construction is
sf’iﬁxaﬁea at 337,500,000. Pive persons, three of whom were pedestrians,
ave: been kllled. during this period. Further reference will be made %o s o

hek o‘bservmtwns of drlver behavior on -the roads of this sy stem,
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Under the inspired, at times militant, leadership,bf>Mr. Bobef£ ﬁ6
the Mé%ropolitan New York Parkway System has set an exampleiof highway :
designed on a scale commensurate with traffic;reqpirementé of ;easonabie
speed'with safety. The‘system, sﬂeadily expanding, now consisté‘ofgléki,
miles of multi-lane road{\}ay, mich of which is divided. The qbs‘bac‘lés"_
‘which have been met are somewhat indicated by~the.reggi;edNEOS'bfidgesy~fb
There are two details of design that cannot be overgommegded th;£-ha&é :
been or are being put into practice as safety measures. One és'fhe'~~v‘ .
installation of center curbs on the earlier undivided parkways. Thgse
have successfully eliminate&‘tﬂé‘deadly'heédﬁon collisions. The,q?bg%}ié
the installation .of paving bloéks to support heavy vehicles on the shOQi
ders when disabled. | "

The Action Program of the Pfesident‘s Highway Safety Conferen;eq,”-
lays ‘great and proper stress upon the'acbeptance of individual respgnSif
bility for safety on the highways. Educators are increasingly strgssiﬁg
the importance of "true personal participation® in’contfast t°q3@?i7i?
unrelated to the subject of study. Contrariness and individualisgii# f
respect to a desirable course of conduct disappear once the indi#i&n@i
accepts his responsibility for safety of himself and othérs on' the
highway.

The responsibility of the individual toward the public to_préséi
highway safety should be activated by school instruction, town maetiﬁés,
community forums, local coordinating and action committees, support by3 f

<

the press, dlscu531on groups, — all of which are calculated to 1mpress

the individual with his responsibility to the public and in this way mould

or remould the habits and attitudes relating to safety on the highways.
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‘ When these approaches to the problem of accidents have been used,.
~ there still remains the very pertinent query, "What is the proper atti-
~ tude of the public toward the driver?" Basically, the individual driver

- has his limitations of habits, of capabilities, and the-handicaps of his

~ Vownp‘érception' and reaction times. Each driver in a stream of trai‘fic,

©in a high degress loses his freedom of action, and is circumscribed by

"’;kthe‘ actidn ‘of“others.. *"Hi's"performanceis limited by, and becomes pai‘t”of
: he traffic flow, whlch is a composite of the reactions of a multitude of

d.rzve S. 'i‘hus, the resPonslhllity of the public to the individual driver

fii'st» to determine the characteristics of traffic flow ll‘nes,' and
‘f’second, in hamony with this knowleage, to provide the facilities for °

safe ase. The dynamics of these speedlng streams of traffic most directly

mﬂuence the df—:s;.gn features which we term geometric, These are align-
5, Prnflle, plan of intersectn.on clearances, horizental: &imensions of
the high\vay cmss«sectwn, and the many detalls which we group under the

ge .;x-az_ term ef hlghway demgn.
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Principal Hazards of the Design Characteristics of
Existing Highways

The outstanding hazard of our streets and hlghways is underceéae
for the traffic load. Nearly half of the rural highways carrying 1 ooo‘ff
vehicles pervday and over are less than 0 feet in width. On each mllev(
of such highway, over 60 times per hour, or once each minute, a vehiclev‘
is encroaching upon the left lane when meeting an oncoming'vehicle;
Expanding these figures to the many miles of rural highways in thls country
the acc1dent potentlal reaches unreallzed dimensions, ‘The length ofAtime
that a vehicle in passing another vehlcle occupies the lane used by the
oncoming traffic, depends upon the width of pavement. On an 18~f00t pawe.
ment veh1cles occupying the left 1ane require h} percent longer in pa551ng
than on pavements 24 feet wide, The pavement of the lesser width is not
only me:e hazardous, but provides only 70 percent of the capacity of thef
212—~feot pavement. ,

Adequate shoulders are neceseary fo the efficiency qf motor
vehicle operation, The& are effective in inc;easing the @raffielcepebity
of the high&ay, since bituminous treated shouldefsvfour feetybrimote;
width, adjacent to 18- and 20-foot pavements, as.compared with‘gfege'drv
gravel sﬂouiders increase the effective surface width~approxime£elye‘w
twe feet. Increasing the effective pavement w1dth results 1n‘fewer_
vehicles encroaching upon the 1eft lane of trafflc and thus 1ncreases

~the trafflc~carry1ng capacity of tne h1ghway. Shoulders also play a ve:y
1mportant role in accident preventlon 1n both rural and suburban areas
where pedestrians are involved, In 1947, 25 percept of all rnral’peeee-v .

trian fatalities occurred while pedestrians were walking on the roa&@%&-




ﬁ‘ Were adequate shoulders availabdle of the chareeter necessary to provid
usable footpaths many lives would be sa.ved. To galn the advantage of
adequate shoulders, there should be no vertlcal o'bstructlons such asg

retamlng walls, bridge trusses, m':lllty poles, guard rails,’ ‘parked

vehlcles or other objects near- the traveled way. Obstacles at the edg

G of a ten-foot lane cause vehic];es to travel 2 6 feet further from the

ed.ge of the pavement ‘than when' the obstacles are not present, Even fo:

la.nes twelve feet \nde the same pos1t10n1ng of obstacles causes vehicle

“"ﬂ_to travel 1.8 feet further from the pavement edge. Obstacle-s four feet

Ee |

ver more from the pavement edge have only minor effect. The roadside

o’ostacles therefore, have the effect of reducmg the pavement width.

0 e-Ade‘quate w1dth of shoulder and a suitable surface for parked vehicles

‘ are necessary for every hlghway regardless of 1ts width. On the Merrit

e(';*_:,Parkway in Connecticut, 'cwo-thlrds of the fatallties resulting from 4

, ,‘75;:f-c<>111s1ons between vehicles have involved a jparked vehicle on the road~
way. The German Aut obahnen weré built m,th d1v1ded. paved roadways, ;eaej
. 129.25 feet in width, thus providing capaclty greatly in excess of floma:
1':~f_j"r8quir81serzyts.v The shoulder width was one meter. Iq 1938, after a:very
few years of use of .a limited mlleage the Inspector General Dro Frits

:"‘V*jf,ﬁ"the off1c1al An charge stated that the demsmn had. been. made to add’

L m.cler shou}_ders because of numerous acc1dents caused. by veh:.cles standiz

on the pavements. This e@erlence is compelling in establlshlng proof
*of the danger inherent in the veh1c1e pa.rked on the roadway. Every othe

el_ement Whluh we rate as contmbutory ‘was absent and the standing vehic

7, ﬂ.@ei- se was the cause of the accidents.



- Where sight distaﬁces on two-lane roads are so short that’béésiﬁg
would be hazardous, it is gustomary to stripe no~passiﬁg’£one§.’ Oﬁéeb?i
vaticns were made on a 3,U40C~foot length of hirhway, ¢f which aiout oﬁeV
fourth was marked "no passing" by reascn of sight dlstances below MDO fee
Of the total number of passinzgs made w1th1n this 3 M00~foot 1ength more
than ten percent were started or completed in the restrlcted zone, - On,

.roads where no-passing restrictions comprise aé much as MO percentféf
their length, the volume of traffic that can be satisfactorily and safély
~accommodated is only about 80 percent of that which can be carried bn';' f
similar highway free from sight distance restrictions. |

- he road margln is the crltlcal l1ine of hazard on many of our
~existing highways. Recognition of this situation appears in a progect

‘just initiated in Michigan, in whlch a study of the locale of accidentsw"‘

. with respect to taverns, zas statlons, restaurants and other roadside
establishments is to supplement the more conventional facts analyzed,iﬁ:'ﬁ
 studies of traffic accidents. The unrestricted use of the road margin

~for entrance and exit at such locations causes driver’ confu31on dls—

orderly parking and other operating hazards. The growth in the nnmber

—and popularity of outdoor drive—in theaters is but a single example,of;1

‘the commercial exploitation of the roadside. The safety of motoring
~audiences as they enter or leave these establishments in 1arge numbers ’
“has become a necessary concern of hlghway authorities because of the ’
"effect on operating conditions on the adjoining highways. The most

difficult obstacles the highwey engineer faces in his effort to bui}.d '
‘safety into the highways are the lack of legal authorlty and effectxve

“legal machinery provided to acquire sufficient rlght*of-way and to con—

.trol the entrance to the public highway from ebutting property.



A characteristic sérious fault of drivers is that of followﬁﬁg too

~closely a car traveling in the same laneé, The speed and the iﬁferﬁal”
~ between the cars do not permit adequaté'perception and reaction time forv
- the rear car to stop if the car ahead is brought to an unexpected stqp.
Thls type of accident has the potentials of a whole series of accldents
of tying up traffic, of causing much property damage, and sometimes
seripus or fatal accidénts. The grave implications‘of this very common
ifpracfice are indicated by Schedule VI. The percepﬁion and reaction timés

vary with individuals, but a safe assumptlon would hardly be less than |
; 1.5 seconds, Tests of drivers have shown that the mlnlmum reasonable
;‘reactlon time alone is 3/4 of one second. |
The average" time spa01ng between venlcles following at the same
f speed for all s?ee&s'and for both two- and four—lane roads .is 1 58 sec~
" onds; 16.2 percent of the trafflc will have a tlme spac1ng of 0.75 secends B

“or about one half the average.



The Components of Road Design for Safe Operatlon
as Indicated by Drlver Behavior

Alignment o
: The alignment must be adjusted to the voiume and type qftii
the driving characteristics of the operators, and #ﬁe‘&ynamic ¢ifgct
of the mass movement. The alignment selected, whethér fhe highwéy°h
two, four or more lanes wide, determines how effeﬁtively and:safélj}fhe
completed facility will meet the demands ofitraffic, Sight»dié#é#pé
between 1,500 and 2,000 feet long are essential on any rural fﬁof}g#e

" highway. The percentage of the length where sight distances othhi“

mcgnitude should be available will depend on the volume and typ;'off

traffic which the highway must accommodate. On our main hlghwa¥$>

ing high-speed through traffic, a sight distance of at'least_ljggq‘fe
should be available on a minimum of 60 percent of the route_léngtﬁ;g
the highway is to accommodate peak traffic volumes as high‘as 500'
per hour w;tﬁ safef§; If it is unavoidable to introduce cu:fa#ﬁié
restricts the sight distanée, it is essential to select an ali
from sudden changes that come as a surprise ta the qperatq:g ¢
the éndsgof 1;ng taqgeﬁ@s»are'definitely oré hazardoﬁsjfhaﬁ_lh'
LS TR

curves located where the general slignment is ‘made up'of“aiséi;e
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?ractical Working Capacities
Accidents are inevitable on overloaded highways. Safe highwayvs
mst have sufficient capacity to permit drivers to operate at reasonable
sgééis. Or main rural highways drivers generally accept as reasonable,
average rumiing /sPeeds of 45 to 50 miles per hour during the peak volumes,
' On urban expressways, a speed of 30 to 35 miles per hour during peak‘

traffic volumes is reasonable.

The working capacities for modern rural roads in terins of passen~

ger cars per lane are W50 per hour for a two-lane road, and 1,000 per hour

'~ for the lanes in the direction of heavier travel on multi-lane roads., At

'the‘se' traffic volumes, under ideal roadway conditions, the drivers who so

 desire can ‘safely travel at the above speed on rural roads,ﬂ although the
 average speed of all vehicles at any given point will be about 42 miles

per hour compared to an average speed of about 48 miles per hour during

‘,‘r;iew tbraffic densities.

| - In urban areés the maximum practical working capacity for a modern
mul ti-lane expressway is 1,500 passenger cars per hour for each lane in
ﬁhe' direction of heavier travel. At this voiume‘, dfivefsf who so desire
can safely average 35 to L0 miles per hour, and the average speed of all

Jf firehicles will be between 30 amd 35 miles per hour. At this working peint,
v,"vugusu’any high volumes that occur frequently for short periods can be

handled without complete congestion.
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Lane Widths

The lane widths used for the design'of our highﬁéys:muSt“ﬁe,baseé;
- on vehicles in motion, — not on the actual size of the vehicles Standi#é L
still. Most of our main highways have sufficient traffic of commercial. -
vehicles to require 12—fo§t lanes for éafe operating cdndifions; ;Eléfgnﬁ
foot lanes must only be consi&ered for highways carrying less than 1;066VT
veﬁicleé_per day; The reduction in capacity by narrowing lanes{isjnoﬁ‘}ﬁﬁ
only unsafe; it is definitely unecénomical; i.e.; the cost of thé'a&diéﬂ 

tional width is less than the proportional increase in capacity.

Effect of lane width on capacity

2-lane rural roads Malti-lane express- .

s ed Yo ea

Lane width : At possible : At practical ! ways at practical
! capacities : capacities urban capacities
Feet : Percentage of 12-foo£ lane capacity
12 : 10 : 100 : 100 -
11 : 88 : 86 : 97
10 : 31 : 17 : 91
: 76 : 70 : ,’81,‘

9
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- .tj‘.“'fi?w‘o—;Lane Highway Limitations
I | The accident experience on two—lane highways shows that the death
. tate per million vehicl_e—-milés inérééses with an increase in the traffic
.volume, Operating conditions on thé ax‘rerage“‘im*la.ne highway are not
‘7 "’s‘atisfactory when traffic volumes exceed 4,000 vehicles per day in flat

f',;”_t'errain, or 3,300 vehicles per day in rolling terrain. It is only for

5 f‘ex‘b’remely low daily traffic volumes that a two—lane highway can safely
accommodate a vehicle traveling over 60 miles per hour, regardless of
excellent alignment. - Design speeds that exceed 60 miles per hour, to

vide safe operating conditions require four-lane divided highways if

the volume exceeds 3,000 vehicles per day. On free-flowing highways
.whei'e t’he’y‘ higher‘ speeds are safer, this very fact automatically lowers .
: 'the tOp range by permltting a constant rate which satlsfles most drivers, -

;’Ene average actual rate for two-lane hlghways of modérn superior design

* is about 48 miles per hour,

'l’here is confus:.on of the terms “overload" and "congestion."
ongestion approaching stagnation may lower the semous accidents, but at
,the same time it d.efeats the utll).ty of hlghway transport. .Any concept

that congested h:.ghways are safer completely overlooks the fact that each

;,routa ‘has its own characteristic pattern of dalxy use, It may have an

jhbur‘ or a fra.ctidn of an hour once or twice daily of congestion at peak |
tra:ffxc periods. These periods of congéstion causing stagnation or inci-
ipi’ent stagnation may be productive of numerous but not fatal accidents.
‘fthék:rgmainder of each 24 hours constitutes 90 tq 95 percent of the time,

aring which there are inuch longer periods when the route is overIOaded. e

a.nda breeder of accidents.




vulti-Lane Highways

Multi~lane highways of the dividgd type will accommodate three to
six times as many vehicles per lane as a two—lane highway, and provide
greater safety. TFor average conditions, the width should be increased
from four to six lanes when the volume exceeds 18,000 vehicles per day
in rural sreas, or 32,000 vehicles per day in urban areas. In certain
arcas of the country where seasonal, daily and hourly f;uctuations in
traffic flow vary from the average ccndition, the practical capacity of
a four-lane divided highway might be as much as 30 percent higher or

lower than the above volumes. -

Shoulders are Essential

Shoulders that will accommodate disablcd vekicles and that may be
used by moving vehicles in cases of emergency during any weather condi-
tions, are essential for safety on main hishways. Adequate shoulders are
also essential to realize the full capacity of the surface width, With—
out adequate shoulders, one disabled vehicle can reduce the capacity of
both two-lane and multi—~lane highways during peak periods by as much as
€0 percent. There is at least one disabled vehicle for every 20,000
vehicle-miles of travel on our main highways.* Furthermore, adequate
shoulders increase the effective surface width for traffic whep no dis-
sbled vehicle is present. Without a place of refuge outside the traffic
lanes, one disabled vehicle can reduce the capacity of a highway by more.

than one lane, especially if the lanes are less than 12 feet wide.

*On the Oakland Bay Bridge, for example, during the peak hour, when

6,700 vehicles use the six-mile structure, an average c¢f two vehicle
breakdowns can be expected, which will seriously affect the traffic

capacity of the bridge.



The disabled vehicle blocks one lane and reduces tk‘x‘e“capvacity of ad,joining
lanes by restricting vehicle speeds. It may block all lanes in one direc
tion, and completely block traffic in that direction. The maximum capa~-
city of a traffic lane with vehicles‘moving .at 20 miles per hour is only
87 percent of its capacity at 30 miles ver hour, At tén miles per hour

& lane has only about 50 percent of its 30-mile—~per-hour capacity. A
minor accident which causcs a reduction in speed can result in complete

congestion when a facility is operzating near its capacity.

Curps and Lateral Clearances

Any vertical member adjacent to a roadway constitutes a safety
hazard and is an obstruction to the free movement of traffic, unless it is
six feet removed from the pavement edge, High vertical curbs of the so-
called non—mountable type fall within this categery, and if they are
required they also should be separated fron the tfaveled way by six feet

to have no effect on traffic, but if they are three or four feet away

their effect will not be critical. A low sloping curd may be used adjacent

to the rcadwéy- sﬁrface in cdng‘unction with a high curb further removed.

Drainage N

The provision of side ditches, gﬁtters and drainage structures
sufficient to pré%reﬁt mud énd d.ébris frém ;wa.shing onto or collecting on
the roadwéy surféce duribng storms3 is a necessary safety measure., Such
foreign materials constitute hazar‘ds‘v within themselves by creating slip-

p:er;y pavement cbn&itions, “Biit of greater importance is the hazard created



by drivers who, in attempting to avoid such materisls, bring their
vehicles into the paths of other vehicles, In the ¢older regions the
formation of ice on pavements as a result of water collecting in ‘pbdﬂ;yﬁ;

drained places presents a sericus safety problem,

Highway Intersections
| To.provide safe operation at intersections, on rufal t‘hrough“‘z»"éa&s
carrying an average traffic of 5,000 vehicles per day a_nd over the gra
, should preferably be separated at intersections with other magor roads.
Chief among the reasons for sa:f‘ety violations at 1ntersect10ns i'
congestion, The driver whose Datlence is exhausted is here the dangero
operator. Aside from relief of congestion there are a number of measures
that aid in minimizing hazards at intersections. | Among» these measi;rgg ;
the following rank high: | a
Corner sight distances consistent with the operating

speeds of traffic, with due consideration of the method of:
traffic control employed.

Safety islands for pedestriéns at busy intersectio;xs' ;

where streets are wide and p’édvestria.n traffic is heavy.
Separateci turniﬁg lanes, especially on high ,spe'ed"bi‘

moderately high speed d.ivided highways to enable tu‘rn_ing
vehicles to decelerate and stop, ir necessary, clea“z""of'v' ‘

the lanes used by through traffic,
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“ ‘Railroad Grade Crossings
A1l main llne raxlroad zrade crossings of nlgrwaJ which carry
substantial trafflc flows should be separated. Beca,use oi‘ the cost and -
: ‘the pressures for cther highway 1mprovements the ellmlnatlon of crogs= -
ing hazards by construction of separation structures will be delayed at - .
’many locations. Consequently, grade crossing protecfibjﬁ should pfoce"e'dv

< rapid.ly. Partlcularly effectlve are the installations of the short-—arm

~'1~a11tomatlc gates. These have some obv1ous maintensnce and cost advanta.ges .
~ over the long-arm gate installations, and provide a barrier which experi-
~ ence has proven adeguate. Though the short-*arm gate and flashing signal

is somewhat more expens;we than the . flashlng 81gna1 ‘installation alone

‘iwi‘_‘thls type shculd. be unlformly used *"or all main-line crossmngs at n-rade
regardless ef the number of tramcs. This pos1t10n is reflected in the

‘pyresent policies of the Public Roads Administration. o

7 Laa&ing Recesses , |
The d.est;lned functmn of practlcally all of our. hlghway mlleage, |
both new and 'old,, is to provide service to all jcla.sses: of traffic. "Th’e ,
\p'eqniiavmr needs Véf commercial and mass transit veh'idlés,v not pnly"in"tjhéir“,g
‘,stead.y flouf move;nexits but at their terminals, tra'ns‘fer,po’ints and roa&é :
-side’ storps, require attention in shaolng the pb,,rs:.cal features of the ’.
;raad:.fay The frequent stopmng of transzt or commercial vehicles in the
T;rmovmf* traffic stream is a serious traffic hazard. Wherever possxble
.aﬁd 1n all instances on new highways designed as rou.tes for mass trauszt

r facilities for transit vehicles off the through 1anes for passenger

PI«'OPE
6ad.ing and unloading should be provided. These roadways shop.l& ‘be’ :



"designed to expédite‘movements of tﬁe‘tragsit.vehicle éé;wéi{
of the more numerous private passenger caf. Through the pIOVlSIOn 2
more attractive and convenient mass transportation there is the&ja
bility of shrinkiﬁg our urban traffic prodlenms toumore:moéerateplim
Efficiently designed offjstreef loading bays an§~terminals forjﬁﬁéc;
serve a similar.pﬁrpoée, particularly in the central core-offouf ciT;

where street space is wholly inadequate for the moving traffic,

Uniform Signs and Signals

Traffic control devices, thcugh relatlvely 1nexpen91ve écéeoﬁ
to street and hlghway design, are significant aids to safe hlghwayycpe
tion. - Well designed and located h;ghway 51gns s1gnals and mérkings;

eliminate or relieve many of the elements of surprlse that characterlz

certain combinations of design and trafflc operation feaiures.’fThe P,
ning of new highway facilities should always be accompanled.by though!
to the traffic control, to hold restrictive measures to a mlnlmum.
preliminary considerations also offer certain correlatiﬁ?‘begéfi

the joint planning of design and control elements on the hewgfégiji

The control will thus be tailored into the design at the most a
stage, and not left for piecemeal application aftEI.Qoﬁplepidﬁvd§ th

construction, The Manual on Uniform Traffic COntroI‘De#iéééTShquli*

rigorously followed. mhe Marual has become the 51ngle legal stgn-

use on all Federal~a1d.nrogects.



kasanable speed is-a necessary element of eff1c1ent highway
ansyortatxon yet Speed 1s 50 frequently pointed to as a trafflc acci-f :
dant cause that the &ictmn ha.s w:.de a0ceptance that traffic accldents

an&. hlgher speeds 20 hand in hand, and that there can be no one: fac111ty',

that:‘gessesses ‘the charactenstlcs of speed and safety. Tumerous . &+

at émpt‘s tc relat’e Speed.f‘an& acc1de‘nts~ have had but meager succeSs. =
'dwd.eflnitely increases the severity of acc1dents, and it has been
stré.ted. from stud.ies in New York New Jersey and Connectlcut that
fast dxivers a:l‘e gullty o._ more tr ffic v1olat10ns and are involved‘in i
‘-‘é;t;c1daents than those who Operate at more moderate speeds. But we

inﬁ that‘our modern h1ghways m.th excellent sa:f et" records are

: ng:"‘fra;ffic spee&s defmltely above those found cm routes of -  5,§;
Theanswer is: certain. The newer fac111tles have been purpose},y

: eet the rngher speed demand and are dlst).ngux.shed. by um.- E

'thasg é.e_s‘lgn features that relate to safe acccmmcd_atmn \af :

muét*’fvbé' ada‘pté& to tiie c'ii‘éums\ﬁanc

Speecl controls, where appln.ed,

our highwa:g systems, both urban and rural there 1s a wme ra::ge of

ion but

ii ty to accommodate gpeed. This is true not - cnly i‘w the nat



or any State, or for any appreciable- 1ength of h1ghwa¥ within a’giv&
State. ~ Thus, the establishment of a uniform legal speed-1limit for’rur
‘and urbsn areas 15 not a solution, Such a policy is unsoun& A limi

set at the maximum safe speed for the -poorest -section of highway is

cbviously an invitation to disregard the law, Thirty-ssevén~«of the 'Stat
niow exercise’ the authority to post speed limits differing frem the speed
—that has” been sét as a general maximum. The rural State_-s-wiée daytime -
limits.range from 25 miles per hour in, one State to ‘no_limyit"i‘zil){_zSﬁ%‘l‘; :
0f the 29 States having general limits above 50 miles per houri,“‘a.il‘fﬁﬁtf"‘
four are using the:device of zoning to encourage judicious use of the

highWay with respect to speed. Much more needs to be knowg‘iafboutf the

- principles of successful zoning, but sufficient study has been_ giv;én :ﬁé,;,

determine that the signing must be realistic and possess oonside::gfp;e

self—eénforcing value., The establishment. of frequent unwarranted,ly 1o

' Jimits breaks respect for the. entire zoning device,. which ig“;‘ef};éé’t,

abuses of other essential traffic; regulatory measures. ,(Ref‘_e‘(‘r to ;
Schedule II for safe speeds on .curves.) .

Rural State~wide .. . No, of No. of States mth ‘V_R

Speed Limit ' States Speed Zonixigm.&n’ﬁ«hcrit :
Yo limit 14 0 - i :1_0;-.:
60 mph 8 &
50 mph, 10 T
* 45 mph el C3
40 mph 2 0
35 mph- SR o2
25 mph 1 0
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| Efficient Operating Grades for Trucn:ks..;

Schedule III shows the distéﬁce that light-powered trucks with
gross loads of 30,000 pou.nas, and medium—_powcre_d.-tfuéks*with’gross loads
- of *40,000 pounds, can go up various grades Yefore their spéeds are
‘4 lowered 'to‘-jo milés Eéer houzi'.“

" Gross 1oads of )40 OOO pounds on medium-powered trucks will proba-
bly not ‘Gceur wlth suffic:.ent frequency on most of our main rural high~
ways to ,justlfy basing the road de31gn on these vehlcles alone.

"Lluht-'powered trucks w1th gross loads of 30,000 pounds will occur, how-

' ever, with suffic:lent frequency on most main highways to affect senously
“the 0perat10n of passenger vehlcles on the highway unless they are con-
s1dered when selecting the allgmnent and other design features of the
“road.s” It w:.ll be noted that the length of grade that reduces the speed
to 30 mlles per hour is approximately the same for the lightemowered
‘trucks mth the gross loads of 30,000 pounds as for the medium-powered‘
trucks with gross loads of 40,000 pounds.

A third lane on the uphill side will prevent the slow-moving
,;trﬁcks from unduly interfering with other traffic if the third lane is
| started at the dist‘;ance from the bottom of the grade, as shown by the
table. In’ certain types of terrain, however, especially where the i-oad
is located on the side of a steep hill or mountain, it may be impractical
to provide an additional lane, Since the problem must be met on main
"foﬁtes, there are the alternatives of improved slignment for routes of
'ligﬁt travel, or a new one-way, two-lane roadway oh a separate location.

““In the latter case the old plus the new roadway would provide two lanes

in each direction.
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Far too little attention is given the fact that farmprodncto .

moving to the markets and to the railroads in trucks. In & consta.ntly
‘1ncrea31ng degree the secondary or farm—to-market roads must be designed
for fruck operation, and efficient, safe »operatiqn.requ'ii‘es; l,ow gra&ieyﬁt 1

The lowest unit cost item in road construction tcday(is"e:arthf’exgavatiéﬁ ‘

“and there is no reasonable excuse to negié&t"the"econémy that will accm.e
" to the farms by designing farm-to-market roé,dé"re,quiringta’ddi‘{i;onal exca-
‘vation to provide low grades and good alignmen‘c’;

From the angle of sa.fety only, the most’ sermus result - of gradesﬁ

is the restricted sight distance at the crest or of the erroneous desugx,
pollcy, quite generally pracflced of mtroducxng short szght d;stance

curves to lower the percent of gradienmt.

The Less than Traffic Speed Drxver

On week ends and holidays the most fervent anathemas of other”’-

» drivers are directed toward the driver who fails tp malntgln "ﬁhe:‘-..ave?age
traffic speed. This attitude misbakes the effect for the cause. Th
collection of a queue of cars with frustrated drivers behi:ii&»_:é carmovi
slower than the average traffic speed is a suré ‘indication of anove : '
ioaded highway:. The same conditions app].y~ as in the case of thslu
moving truck. The fault is the hvighwa,y‘, not the slow drlver.Toa na.r
trafflc l;nes and too restricted sight distances are the most common

&efects. The slow driver is not likely to dlsappear from the road.s, the'

remedy lies in eliminating his accident potezit‘ina}i; vy i:mproﬁredf rgad.. fi;e%si
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' Capacities of Two- and Fourx—LaneEkp'ress Hi;ghways
4%t the present time our main hmvhwafs carry about 20 pércent
f.commerc1al traffic, During peak hours however ,commerclal vehlcles are
generallv in the nelghborhood of ten nercent of the total trafflc. In
" rural areas, two~thirds of the traffic is generally in one direction
>&ur1ng the peak hours. In urban areas, the distribution by dlrectlon wi

" -genera11y vary From two-thirds in one direction in the outlylng areas to

an equal distribution each way in the central business districts. . It is
generally not feasible to obtain a perfect alignment Laving no sight dis

~tance restrictions on two-lane highwayé. Evén in flat terraiﬁ ié is
difficult to obtain more thapigo.or 90 percent of the road with a éight”
distance over 1,500 feét;Jé£& in rolling terrain it is difficult to obtai

- ~more than 60 percent of the road with a'sight distance'cvér'l,SOO fest.

. The total hourly capacities for two— and four-lane bighways in rural and

Q.urban areas are for these é&erage conditions, as shown by~Sch5dulé 1.
ﬁhe#trelating‘the g;ﬁrly design cépapities to angual tréff;c“
v-jv§lumes,,flngtuation.in'éréffic flow must be éonsidsrgd. AGbmpfehenéive

k studies of the fluctuaxioﬁtin traffic flow‘on’ru;al @ighways«show that
3 ' the traffic density someﬁhefé betweenvthe 30th %o t@g 5Q§h highes% hourly
“f }traffic volumes of the year should be: selected for design purposes. On
' the.average;¥ura1 highway the 30th highest hour of the year is about 15
A;perceﬁt of £he average 24~hour»traffic volume. ‘In urban areas it average
%ahout 12 pcrcent of the annual average traffic volume. Schedule V shows
ifhe annual traffic volumes that can be used fcr design purposes at lqca*

tions where there is the average fluctuaulon’in traffic flow. Values a8
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much as 30 percent higher or lower than these may be spplicable to a
specific project, depending on the seasonal, daily and hourly fluéfﬁation,‘
and the distridbution of peak-hour traffic by directions, | |
A four-lane expressway of modern design with controlled access ﬁill
accommodate as much traffic at approximately twice the average speed és

(1) TFive ordinary city streets, each 40 feet in width with

parking prohidited.

(2) Eight ordinary city streets each 42 feet wide with parking
on both sides.

(2) Five ofdinary city streets each 68 feet wide with parkiﬁg
on both sides.

(4) About three ordinsry city streets each 68 feet wide with
parking prohibited.

By "ordinary city streets" is meant those that have the average

amount of left~turning movements and pedestrian interferénée

prevalent in downtown areas.

Brakes

The hzzardous conditions preated by too short spacing betweén‘r
cars following in the same lane are emphasized by the studies of brake
perfornance, Safe vehicle performance depends to a greater degree updn

adequate, well maintained brakes than upon any other single element of

vehicle design. Likewise, the brakes betray most surely driver or owmer
failures and negiect. Studies by the Public Roads Administration just

_ before the war disclosed that over 40 percent of the passenger cars
tested on the highway had zero pedal reserve, i.e., the pedal was flat

on the floor board after an emergency stop from 20 miles per hour.
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Brakes are a common alibi in many éccidents‘, sometimes the true
cause, but-more often not. If the brakes fail, the responsibility liesg
usually with the driver. He has not maintained them properly. ,

The widely distributed studies of ‘bfake performance show that
the condition existing in 1942 was not a rosy one, It is probably worse
today. Only 62 percent of the pas.sengér cai"s;7 ’15 vercent of the two-
axle trucks, and three percent of the thi"eei-a-xle.combination units could

stop in 30 feet or less from a speed of 20 niileé per hour,

There is abundant confirmation that the br‘aking systems of passen-
ger cars and éspécially commercial vehicles are tob commonly poorly main-
tained or grossly inadequate. An analysis of the r_esults indicates that
this level of performance can be greatly improvédo ?assenger cars and
two-axle trucks can be made to stop from 20 miles an hour in 30/ feet or
le;s. The combination units now on the road may not be able to do that
>well, qonsidering the lag that exists between the time tvha.t the pedal is
touched until the braske shoes actually contact the drums. However, it is
certain that with proper maintenance of well-designed braking systems, a
much better showing can be expected. It is ‘heartening, in this respect,
to read that the Pennsylvania Motor Truck ASSOC-iatiOI;‘S Engineering

Subcommittee has been able to stop a 62,000-pound, two—axle tractor and
tandem axle semi-trailer in an average distance of 27‘feet, 9 inches,

Thére is every indication that the automotive engineers who cooperated
in thé tests have succeeded in reducing to a marked detgree‘ th’g _inherent

brake lag.
The tests of vehicles as they are now cperating con the ro‘ads

clearly show thet the prepér maintenance of brakes is not as yet being

generally accomplished, and that a more stringent enforcement policy is
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The Importance of brakes in relaticn to driver behavior is
emphiusizod by Schedule VI showing distance spacing and time interval
between cars traveling in the same lane. If the driver behind has instant
perception time, which 1s impossidble, and the average reaction time of
3/L second, 1f his speed is only 30 miles per hour, he has 2/3 socond for
fis brake to stop his car if the car ahcad stops suddenly. Under such
tyrical circumstances, when an accident cccurs do the driver's brakes
fail to work, cor does the driver fail to work the brakes? The answer is

one major reascn why inturance rates are golng up.

The Paradox of Driver Behavior

"We know so much about roads that is not so," has long handi-
capped correct thinking. We do know now much of driver behavior that
without positive proof wo think could not be true. For example, the
relationships of accident frequency and accldent potentials with the
details of highway design have been described. The accident rate on two~
lang rural highways carrying less than 1,000 vehicles per day is approxi~‘
mately half that on similar highways where the volume is in the 8,000 or
over vehicles per day range. That is, on overloaded highways or under- .
designed highways the asccident rate increases with traffic volume, On -
such highways, we would logically think drivers would become more careful.
Paradoxically, driver behavier becomes worse as the roasd becomes more |
inadequate to carry safely the traffic volume, Under conditions where
the driver should become more responsible he becomes less so. Contrari-

wise, evidence supports the conclusicn that as the standard of design is
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raised, driver performance becomes more responsible. This observation of
driver behavior undoubtedly reflects the ability of the average mind and
nerves to fun.tion more safely if tension beyond necessary alertness is
relieved, and apprehension is absent.

Here is the record of tra;ffic operation that has emerged from the
studies on the Péntagon System of roads over the past six y-earsﬂ The
system was desighed and built by Public Roads to serve an estimafed.popu—
lation of 50 thousand office workers in the new defense establishﬁents,
all of which were transferred almost overnight across the Potomac River
to a previously unoccupied area in Virginia, The problem was to move the
major part of this populstion in and out daily by motor vehicle over the
existiﬁg three Potomac River bridges.

Excluding the traffic over Memorial Bridge which uses Lee Boulevard,
and other traffic which does not actually traverse a portion of the 17 mile:
of through routes, it is estimated that there are now 85,000 trips per day.
Including the traffic on roads immediaiely trivutary to the system, daily
about 110,000 vehicles use these ro‘adWa.ys. This is a conservative figure

since the three bridges which the system serves are now carrying an aver—

age traffic of more than 139,000 vehicles per day and a peak month traffic
of 149,500 vehicles per day. The system produces about 67 million vehicle~
miles of travel per year, In the six—year period, five fatalities have
resulted from this operation, three of whom were pedestrians, Only one

fatality was caused by a vehicle trzveling at a relatively high rate of
speed, leaving the road and overturning. For this six-year period the

accident rate is 1.5 Tatalities per 100 million vehicle-miles. In this

i ce of 4 ished through safe
experience lies thc assurance o- what can be ggcompl A

road design, but the record of driver behavior is the astonishing feature.
b4
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During the war there was a 35 mph speed limit on both the Pentagon
network and Shirley Highway, The 35 mph speed signs were Vnotv; remgved
until several months after the war. Prior to their removal, speed studies
were conducted at several points on the network and on the Shirléy Highway;
These studies were repeated after changing the 35 mph signs to speed limit
signs of 40 mph on the network and 50 mph on the Shirley Highwa‘y.i

Changing the speed limit on the network from 35 to 4O mph bad mo
effect on the average speed but reduced the number of vehicles traveling
over 50 mph by eleven percent and those going over 40 mph by 20 percent.
Changing the signs on the Shirley Highvway ffom 35 to 50 mph reduéed the
pumber of vehicles traveling over 50 mph by 32 percent.

On the through routes of the Pentagon network, where there are no
tra:ffiq police, no traffic control lights and no enforcemenf of the 40 mph
posted speed 1imit, the average speed is 37.6 mph, and twelve percent of
the vehicles exceed 45 mph. On Lee Boulevard, where safe speeds are much

lower and the posted speed limit of 35 mph is enforced by frequent patrol-— .

ling by traffic police, the average speed during light traffic velumes is

37.8 mph, with eleven percent of the vehbicles eiceeding 145 mph and 136 pe'r; :
cent exceeding 40 mph, Thus on the network where drivers can ;Legally |
maintain reasonable spéeds aﬁ all times, they travel no fa,ster without
enforcement than they do on Lee Boulevard where safe speeds are not as
high and the normal ’enforcement is present. Furthermore, three times as
high a percentage of the drivers exceed a five mph tolerance of the posted
limit on Lee Boulevard as on-the Pentagon network.

The present volume is 800 per 1az:;e at locations where three lanes
are available for movement in one direction. At the principal miﬁng lanes,

a flow of 1,150 vehicles per lane occurs where four lanes are available for
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one~direction T} inci 1x3
movement. The principal mixing lanes are now loaded to

their possible capacity at certain peak periods. Other points on the ne
work are loaded to approximately two~thirds of their practical safe
capacities, All three btridges are loaded beyond their practical, safe
capacities, and at times the demand actually exceeds the possible capaci’
-0of the bridges with their present approaches. Thé condition will be
-relieved materially by the completion of the two four-lane one~way bridg

now under censtructiorn,

Hig&;rag:r System Planning

| In harmony with the premise that roads must be designed on a basi:
of driver behavior, is the relatively new technique of plaﬁning the syste
of arterial roads to serve the heavy flow lines of metrbpolité.n areas on
the basis of origin and destination surveys. These surveys disclose‘ the
desire lines of major travel., The pattern which emerges is that of a
wheel, usually somewhat distorted in shape, but essentially providing
radial lines from the urban center which are joined by concentric circles
at spaced distances from the center. The concept has the two major objec
tives of providing free flowing arterial routes in 'and out of the center,
and of separating through, longer—distance traffic from local vehicle and
pedestrian interferences. Also, such a plan will keep a high pércentage
of the total traffic out of the more congested center of the ¢ity. Drive

behavior can be relied upon to exercise a ;aigh selectivity of route if th

facilities provide a choice. Under such circu;nst_ances the driver will

choose the routé that will give him the m‘oé’t direct access to Lis desti~

nation, but at the same time will give I}im the ghortest distance of
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travel through the more congested downtown streets. The Pentagon system
serves three bridges across the Potomac River into the downtown streets
of Washington. These bridses are interconnected by the system, and the
driver from the Virginia suburban districts had, until the bridges became
so congested as they are today, a choice among the bridges of that route
which would require him to travel the least distance on, or would keep -
him off, the downtown, congested city streets. The degree to which ﬁe
accomplished this purpose without any imposed controls is amazing, éﬁd
is shown Ey the folldwing records

Comparison of a distribution of the traffic between the three

Potomac River, Washington, bridges calculate&.on an assumed

usage of the shortest route between origin and destlnatlon of

trips with actual distributions observed on August 16, 194k
and throughout the year September 1, 19M3, to August 31 19&&

Actual dis-
tribution

Calculated
distribution

Actual dis—
tribution on

os ¥e ae

Bridge ¢ August 16, 19Ul: September 1,1943: if shortest
: ¢ to August 31 1944 : routes were
: : ¢ used
: Percent ‘, Percent . Percent
Highway Bridge | 41.8 : 42,6 : ‘ho.2 -
Memorial Bridge 33,0 : 31.5 : 327
Key Bridge : 25.2 : 25.9 f 27.1
Total . 100.0 ; 100.0 ‘' 100.0

s av

The above table shows the actual distribution is representative
of the free choice of traffic between origins and destinations during
aAperiod when the traffic volumes were relatively low and there was not

 ,sufficient congestion on the bridges to altér the desired usage.
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A study of the origins and destinations of traffic using the three
bridges indicates that the slight peréentage differences between the short—
est routes and the actual routes used, probably resulted from traffic
dividing itself in its use of the three bridges to the one that would per-
mit the shortest travel distance on the Washington central city streets,

Finally, this discussion is directéd to the essentials of today's
program of highway improvement. Since 1934, — nearly one and one-half
decades, - the State-wide planning surveys have been accumulating the
facts of the amount and characteristics of the traffic use of our highways.
State by State, undoubtedly more is kmown about the highways, their use
and their needs, than about any other major public undertaking. Until
recently this wealth of material had not been generally analyzed and
organized to serve its most important purpose as conéeived When-the sur-
veys were started., In 1945 the California Legislature, recognizing the
need for a long-range highway improvement plan, established a sﬁudy com—
nittee to organize the available material and to secure new data neces—

sary to bring together a complete engineering and economic report. The
completion of the report, the legislative recommendations, the legisla~-

tive debate and the adoption of the major recommendations, are now a

part of the State's highway history. California has a well-rounded,
long—term modern highway improvement program. With this successful guide

many other States have now in active operation legislative study com-
nittees, which, with the competent technical assistance of the Automotive
'Safety Foundation, are maturing long-rangé programs of comparable cali-
ber. The planning is designed to serve both economic needs and safety
of use. Sijnce the future redubtion in‘the highway fatality toll, as has
been shown, will depend so largely upon safer roads, no effort by the

Fourdation can result in a greater contribution to highway safety.

D



; There are also implications of "véhic::{..e'dre‘sign't»jhat' canb
heeded., For example, it is certain the dnver needs to have a bet
s1ght of the right-hand edge of the roads Also, that protective

front and rear, capable of absor’olng sﬁock be 1nsta11ed. in place of

e@ensive grillage whlch is going to. su.ffer more 1n the futune than

the past. Roads cannot be designed to prevent this *typeﬂ o"f é;c“c:

Y
*

which is likely to involve a series of cars. Also, is £t hot’ t me

forget the emphasz,s on minor over-speeds of the deceni: dnver

s

centrate on the driver who by his behaymr creates accld.ent b

'The drlver who passes in a no*passing zone ‘who park:s his vehwl |
“the pavement and who crowds the other fellow‘s lane is a killer.
not take him off the road? S
| The purely routine speed checkmg is as futile and wasteful; '
ienforcement offlcers‘ time and ability as is their de‘bail to check t
overtime parka.ng, both of Whlch only result in cangestmn 1n the t,

"ourts on matters having a minimum relatlon to real traffm saf‘

:need the time of the traffic offleers and of the .courts.-t,
erous driver off the roads. Only a very amall p‘eiréeirbage,
habltually disregard the rules of safe drivlng.

T}ns matter of driver ’oehav:.or goes TeTy deep- :

psychology that may well be m.herent in a people who have been,
apable of building and runping the outstanding &emcracy of the;y
t is the essence of the spirit of freedom wh:.c:h revolts agamst un:t’

unreasonahle restrictions but whlch is tempered in the large magc”

support of the public welfare. So it seems reasonable to acce;pt_‘i'hs

attern establlshed by the behavmr of the. decen:l: magcmty an& deny thsa
:e‘_edom of the road to the nolator of this patterzz. Sa;t'ety of the hi']

ays is, as democracy is, a matter of cooperation and ~coordinatic‘m.(
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- ‘Schedule I

Registrations.

Ratio
» Trucks Trucks and e
Automobiles and Busses to Total
Busses =~ Automobiles l'

54,590 700 1/78.0 : o

458, 377 10,123 1/85.3 - ugg ggo[[t

‘ 8,131,522 1,107,639 1/ 1.3 9,239, 161
_1930 23,972, 75 3 1559, 25k 1/ 6.5 26,53, 22

9% 27,372,397 LEE3021 - 1/5.9 32,0350k

1947 30,718,852 - 6 6,611 . 1/ L6 Eo 360 ez

33,225,000 7,332 ooo, i "1/ h.s, 557 ooo:;

lw';};«Esiimated,

\.O

: "’Sghedn]‘.e II

Speed Zones Vs, ,Unlf orm Lega,l Limlt foar S’cate
Relatién -between CurVature énd. Safe Speeds

it

Dégrée of R s Ra.d.xus of Suggested Zone
- Curvature Curvature Speed TR

Feot A —— mph

Coootk3y oo - 53

1 L I 1&10;:, - . RS L ey

* ~'5:“Before zoniﬂ& 5999‘13 are pested tne curves Shmﬂ'd be_ te%ed\}.’g lar

' competent observers to detemme tae safe speed for th ~par”




gl

Schedule III

Efficient Operating Grades for Trucks g

Distance from bottom of grade where trucks would be reduced.
to 30 miles per  hour.

This schedule assumes an apnroach speed of 110 mph Basl
alignment weak or narrow bridges, or other hazardous cond.itio‘
at the bottom of the hill would make . these speeds un.safe.f f

& e

Light-povered trucks with gross loads of BO,QQb pougﬁg 'l,'m

Distance from .

Grade bottom of grade
Percent ‘ Feot
2 2000
3 1090
4 760
5 510
[ h70
7 koo
g 325

Medium—powered trucks with gross: loads of 210,000?0‘«“1

2 1780 el
L Tho i

5 550 -

6 Lso

7 290 .

g
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Schedule IV

* Hourly Design Capacities for Bxpress Highwaysy

_ ‘ Rural areas 2/ : Urban areas 3/
“‘Flat Terram 4/ : Rolling Terrain 5/:Hat Terrain :Rdling Terrain

500

2500

&
&,
o

sr ae s as
v oo 4% aedee

3850.

!f)_ ﬂ;ﬁé:ceht’ commercial vehicles during the peak hours.
o trafflc in one direction and an operating speed of 50 mph.
in one direction and an operatlng speed of

Schedule V

3

AveA ze Zh—hour Design Gapacltles for Express nghways
gua (For average cond.ltxons) i/ /

L Rural areas 2/ ~ : Urban _areas 3/ :
F at Terrain : Rolling Terrain i Flat Terrain :Ralling Termin

»
v » *
» P

- Looo 3300 - -
18,700 16,700 38,000 32,000

1 the comhtlons shown in Schedule I,
1 on a. 3ch highest hour of 15 percent of the annual average trafflc. :
on a 30th hlghest hour of 12 percent of the annual average 'braffxc. S




 Schedule VI

Average spacing between vehicles following obher vehlcles 3
closely in the same lane at the same speed '

(Spacing measured from the rear bumper of one car to the
front bumper of the following car)

.

2-lane highway Yl zne divided highway

Speed . _ |
o _ Lef§ lane : Right lane
m mph ft/sec. feet seconds feey : seconds ' feet seconds
' 10 1.7 10 204 o - - - -
20 29.3 42 1.43 P - - -
30 Wo O} 62 1.41 60 .36 ¢ 80 1.82
40 56,7 % 90 L5307 1.31 105 1.79
50 73.4 122 1.66 107 L4 1 130 L1
€0 s6.0 ¢ 162 1,84 139 1.56 156 177 ;




