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"MODERN DESIGN REDUCES ACCIDENTS®

The edsquacy of highx;my cépéci‘by a.nd design ls one oi""'tha'rmust _
important® elements in pfomnting‘ltraf.‘i"io safety, from an engin‘aeﬂng
| viswpoin‘t; This is true in spite of the fact that geveral other factors
_ a.ffect ace'ldenﬁ occurrence in sOme degree., | .
It is hwwn for ex&mple, that certain cenditions only x'emo*t:ely -
,_Vrelated 'i:a ait.har traffio or rca.dvmys i.nﬂueme the accident ratee It
appears that whan. times are good drivers. tend to become eareless a.mi o
accidents inﬁreaseo The present uﬁexpeeted decline in the traffic mtality
'rrata oen be attributed, in paﬂ; a.t least, to the current dii‘f‘ieulty in
| gotting new cars, which makes owners unwilling to teke chances with the
old c;nesu' | ; .

But factors such as i';hese merely cause f‘luetuations m accident
occurrence. The major trands a.re es’cablished by the basic developmants of
trai’fi.e and by the relative adequacy oi‘ the facilities which are provided :
" for traf‘f:.e aceomcdation end ¢ontrol. | |

 And 1 mgh‘t digress at this poin'f: to say, that whils ws ‘.’m the Mich-—
igen State Highway Depa?tmen%- are constantly s‘tudying traffic problems
and will do everything possible to build safety into highways through nod« "
'am design and construction of grade separations, divided highways and _
-.o{'.her safety features, we know these things will not stop highway acoi&snt.s
“and deaths. There still will be ca.reless drivera who will kin themselves

and innocent vic.'blms who get in their way. If everyone would be careful




and courteous we would have few accidents and we could avoid builéing
expensive divided highways and, therefore, spread our constiuction money
8 lot farther.

We know that more accidents are to be expected when the volume of
traffic goes up. During the past two years, while ﬁichigan traffic in-
ocreased by 34 per cent, reported accidents mounted from 83,000 in 1945
%o over liOQOOO in 1946, an incregse of 32% per cent. Accidents are a
direct, though unwelcome, product of traffié.movemantq

Sound and progressive design practice can alter end improve the
fﬁndamental conditions under which traffic operates. For that reason
it is the primary means of curbing this basic process of accident produc~

tion.

Cooperative Basis of Design

Responsibility for structurel design rests mainly with the desipgn
engineer, but his work must be based on information provided by those who
are closely concerned with the operation of the facilities after they are
built. Ranking higﬁ among the sources for such information are the maine-
‘tenance engineer, the traffic engineer, and the automotive design engineer.

The maintenaﬁcé engineer supervises the upkeep of sgch highway elements
as the surface, ditches, culverts, bridges, signs and sigzllals9 end all the
other physical items withiﬁ the fight of way lines. His experience and his
analyses of the expenditures in this work must be considered in the over=-all
picture of service value as relate to the first cost, the annual cost, and
the life of the improvémenta |

The traffic engineer contributes invaluable datﬁ pertaining to the
speed and volume of traffic, the placement of signs end signals and pave-
ment markings, the accident experience of the system, the operation of

traffic through intersectioms, and the behavior and characteristics of




drivers end velicles, His work in the control of entrances and exits to

the pavement and of strip perking between intersections is just as impore
tent in preserving the'safety elements that have been built into ths high-
way ag is the maintenancé}of the physical plant.

The highway designer mﬁst also keep abreast of current kmowledge re-
parding the future trends of mofor vehicle design. He does this through
contact with the automotive industry and its éngineersq |

Cont;ibuting to knowledge from all these sources and serving to test
and correiate highway‘practices and'standards; are the research and experi-
mental projects conducted or sponsored by the several stete highwsy depart-
ﬁents, the U.S. Public Roads Administration, the Highway Research Board, the
Anerican Association of State Highway Officiels, the professional and busi-
néss organizationas of the highway industry, and the leading engineering and.

traffic schoolso‘

_lBasic Factors in Desipn

In designing highways for efficient and sefe operation, the basic
factors to be considered are the characteristics of the traffic to be served
and of the terrain to be traversed. The significant characteristics of
traffid ere its volumes, speed, and composition. The importent topographi-
cal features are those which affect highway aligmment and sight distance;
included are roadside developments which generate or influence traffic move-
ment,

Decisions regarding design speed, sight distances; the number of traffioc
lanes and type of highway, as well as the width of lanes are all made with
reference to these factors. To a very large degree, highway safety depends
on how wisely these decisions are made-=-on how accurately the final design

-provides for facilities that meet the needs énd conditions as.theylwill ac-

tually exist during the sxpscted period of service.




Desipgn Speed

Almost the first thing thé highway designer needs to know is the pro=-
portion of traffic traveling in the higher speed renges. On the basis of
this information he decides upon the design speed, which, in turn, is basic
in establishing all the other design factors that provide for the safe move-
ment of traffic, Sight distance, lane widths, lateral clesrance to roadside
obstructions, maximuﬁ curvature, superelevation on curves, and the general
srossection must be consistent with deéign spaedc‘

Spaeé observations made on Michipan rural trunklines in 1841, revenled
thet B85 per c¢ent of all vehicles traveled at speeds of 60 ﬁiles per hour or
isssa Other studies made following the‘lifting of speed and other restric-
tions in 1945, showed that this 60-or~below group had increased to include
nearly 95 per cent of all traffieg I% is probable that spesds ere now tendﬁ;
ing to return to the 1941 distribution as thersupply of new cars becomes mp}e
normal.

These Michigen date as well as & wide record of experienée elsewhgra,r
indicate thet there is not much justification for a design speed on rural
primary trunklines of above 70 miles per hour. 'This standard is applicable
for approximately level terrain. In rolling sections of the state, a design
spsed of 60 miles per hour is desirable. For expressways in urben areas,

80 miles per hour cen be considered edequate.

Contrary %o samé schools of thought, it appears to be unlikely that
the adequacy of highways built to these speed designs will be directly
affected by higher speed characteristics of future vehicles. Top speeds
are usually governsd by the preference of the drivers rather than by the
speed capacity of the vehicles; raising the latter will not raise general
speed retes except as accompanyiﬁg improvements in wvehicular stability,

acdeleration, and braking, increase the confidence of large numbers of




ﬁrivers in their driving competence and control.

A vital safety requirément in relation tb design speed is consi;teﬁcy
in its application. A recent nationwide study disclosed that the accident
;ate on road sections with isclated sherp curves was more than double that
on sections where such curves occurred five ér more to the mile, Good'safety
design denends tha% the same design speed be used on the same kind of high-
ways thrpughout-l&rge areas., ln 1océtions where.topographieal or other con-
ditions make s variation absolutely necessary, transition to lower spesd
sections should be smoothly graduated agd clearly markéd with signs. |

In considering this whole subject of spaed in designs.it is wéll to
keep in mind what design speed really means in tefmﬁ of trével speed. Iﬁ~
icreaéeé-in'the number of vehicles on a highwey, éﬁan those within its prac-
tical traffic capacity, cause reductions in top speeds that can be attained.,

Toke, for sxample, a 2-lane highway with a desién speed of 70 miles per
hour and an average 24-hour traffic of 3000 vehicless With the normal dis-
tribution of traffic in hourly volumes, onl& an ingignificant proportion of
‘the day's traffic will be able to average within two or‘ﬁhree miles of 70
miles per hour; these cars will be tfaveling at the lowest volume hours,

0f all the traffic which wishes to travel at 70 miles per hour, about
half will be able to maintain an operating speed of from 60 to 67 miles per
hour. Of the remainder which must travel slower thanuﬁolmiles per hour, 20
per cent will encounter hourly volumes of ﬁorg than 350 ﬁehicles and will be
limited to average operating speeds of 53 miiés per héur or less.

Thus, it will be seen that only & small percentage of average traffic

desires to travel at the highest retes of speed, and that a large percentage

pl

of this faster traffic is limited to considerably less then the desired rate.
It elso is apparent that design speed is closely.related to the determination

of practical highway capacity.




Highway Capaecity and Highway Types

Highway capacity in relation %o traffic‘volumes is a primary factor in
safety. When & highway is Ioaded to the point where movement is reduced to
an\hnreasonably low speed, some drivers become impatient and éither trail too
closely to the vehicle ahead or take chances at passing in the face of opposing
traffic, The résult is a sherp increase in the number of accidents.

Reduction of such gonditions depends not only on the provision of an
' adeguate number of lanes, but on the selection of lane arrangement best
suited for safe traffiec usé° Highway and traffic engingers haﬁe given the
problems of highway capacity and type much study. In the course of these
: étudies} the importence of the overtaking and passing maneuver has been rec-
ognized as basic.

The passing maneuver makes it possible for wvehicles traveling in the sams
direction at different speeds to use the same roadway. As traffic increases
from minimm VOlumen_the number of passings requifed to permit all drivers to
drive at their desired speed will increase somewhat proporticnately. In actual
practice, the number of passings will increase prqportionately-only until &
certain volums hes besen reached; as this volums is exceeded, the number of pass-
ings first will iﬁerease at a decreasing rate, and then will begin to decreass.

These charagteristics of the pessing maneuver are closely related to the
design and safety of highways of éifferent widths,

The 2-lane highwey is the minimum,fadility sccommodating traffic travel-
ing in different directions st various speeds., When it becomes so filled with
traffic that openings for pessing do not occur with convenient frequency in the
opposing lens, congestion beginso |

The 3-lane highway was designed to provide an additional lane for the
specific use of passing thicles in both difections; but when competition for

the use of the center lane becomes too keen, hazard and then congestion develop.




The 4-lané highway is the narrowest highway on which paséing can be

acaompiished witﬁouﬁ'enﬁering lanes subjsct to use by opposing ﬁraffic;
but when traffic in one directiom so filis itg own 1anes tﬂat.drivgrs de=
- siring to pass éré tempted to oross the‘centerlina-to_perforﬁ th& manieuver, .
it becomes aoﬁgaa%ed and dangsrous. |

~ The divided highway, with two or more lanes for traffic in each dire
sution, was dséign@d to prevent conflict between)opposing stféamé of traffics
'hera cchgesfibn ocours when volume reaches.a point whers More passing mene |
_suvers are required than the paséing lane will accommodaf@o' |

. Safe ?assing én 2= an@ 3=-lane hiphways requires that the drivsr shﬁll
ﬁﬁve a Jong clear ﬁieW‘cf‘%he road shead, Be musb se@_f&r enlough to be
éssureds not only'fhat'the pbrtimn of the péssing lane he must use is clear
_When:he starts passing,'but.ﬁhat no vehicle approsching from the opposiﬁe 
&iréctign ﬁiil_enﬁer it'befcr@ he completes his‘manauvar and turns back‘into |
1ine; For d@sign speeds of B0, 60, and 70 miles per hour the‘distanca for
bkl types shonid be, respecstively, 196009129300 aﬁd 3,200 foet.
. Such sight distanbes are difficﬁlt.to provide, eépacially in rqlliﬁg
_ocuntry, Modern highﬁay practics prohibit# p&séing on_highway.ssctions‘
_whar@ @urvesp hille, or other conditions limit th@iviéw af the foad‘#haad
£§ 1638 than these é&fﬁ distances. ?hese “ng paséing zoﬁes“ rgdﬁcg thé 
working capaaity of 8 highwayo' In fhe case of the Salaﬁg‘highwayylthay
4 fraquenﬁly resnlt in considerable seoti@ns'of‘th@ ceﬁter lang heing pro«‘:‘
‘hibited for use by traffic from either direction, )

"No passing zones® are not esteblished on 4-lans roads beeauée’thgre;
shoﬁlé be no need for passing vahicies to enter an opposing_traffie_lanéa
Zﬁﬁlthese'highways it is sufficient if the.drivgr cen gee the péssiﬁg iane
for tﬁe distance raquiféd to bring his car to a helt. These distances_for-."

speeds of B0, and 60 miles per hour are, respsctively, 350 snd 475 feet,

y




-To‘distinguiSh them from the much longer safe passing sight distances re-.

qﬁireﬁ:on 2~ and 3~lane roads, they are called Ysafe stopping distances".

The degréé of freedom aﬁd'saféty with which the pgssipg maneuver can
bg:performed ié the vital factor in detérmining highway capacii:yn .The ac—‘
cur&ta-daferminatian of practical working capacities for differsut types of
roads and the selectlon of the proper highway types to accommodate the ver-
ious vnlumﬂ ranges are the most 1mportant steps in- d681gn1ng hlghways for
safetyo |

The 2-lane hlghﬁ&y is, for obvious reasons, the ba31e highway type in
this state and in the country at large, It is the mlnimum hlghway-facillty
which'will accommndate all the requiremsnts‘of traffic up to its capécity limit.
Itfcbmprisés.gblpsf eeﬁt éf our paved rural trunkline nileage. ther'f&pes
are built only when the capaclty of the 2=lane hlghway is exceededo Muéh study
has been devcted to learnlng what the limits of its efflc1ent carrying ability

are,

It has been found that on a Z-lane road with 150 vehicles per hour in '

the opposing lane, & driver can make two oubt of three passings without slow-

“ing down. . Bub wheﬁ.there are 400 vehidles_in the opposing lans, he can make

such undelayed passingS'only once in three times.

On the reasonable.presumption that 400 vehicles in the opposing 1an§
represented tﬁe ﬁaxiﬁhm hindrence to free driving that drivers will tolerate,
this qﬁantity hes bseﬁ_m&ﬁe the basis for estimates of 2-lane capacity. By |

placing 400 vehicles in each lane, the value of 80C vehicles per hour has

been derived as the maximum possible capacity of these pavements .
Howevers,this value is'too high as o measure of capaclty because avérage
‘ experlence shows that hlghway'trafflc doss not normally flow w1th equal vole

umes in both directlonso Partloularly durzng peak hoursg about two- thmrds of

‘total volume fidws'in one directiono Thus, when 400 cars are in one lane thers



will be 200 in the other lane, or & total of 600 vehicles per hour, this

‘édﬁstitutes the practical operating capacity of é 2m1ana?highw&yo Above
that Tolums, 1&rge numbers of drivers are encountering intolerable restrlcm '
'-tion of the passing maneuver.

Highway designers;cannot and shoﬁld not attempﬁ to-provi&e completely
iadequate capacity for every vehlcle traveling & highway. They should provxde
for all but the highest yolumes, ho-wever9 and the 30th highest hour ‘of the
year has been selected by highway authorities as settlng the llmlt to their B
'responsibilityo o

In Michlgan exparienceg a hlghway with & traffic of 600 vahlcles in the
-50th highest hour of the year will have an amnual &verage 24whcur dally traffie
of just over 3,000 vehlclesa |

N Studiea.of acclqent occurrehce on émlaﬁe ?oadsiundar varyihg cpnditions"
of %elﬁme substantia%e this efitical Vaiuao They reveal that the a¢§ident
 §ate inereases as volume increases up o 3,000 vehicles per day, Above ‘that
‘#olumﬁ the r&te declines quite éb?uftlyg probabif bebﬁuse lessened Vehicuiﬁr.
speods aut down the number of the more’ v1olent COlllSlOHSo

Three roadway types«wthe Smlane, the 4- 1ana undavided and the 4~ lane
divided--are avallable for construection to succeed the 2=lane roadﬂay‘where
traffic has exceaded capaclty, |

It bes been found that the practical worklng capacltzas of 3=-lane and
4~lane undivided roads is 59250 and 10,500 vehlclqs for the average Zgwhcur
dey. There is reason to belisve that a carefully dgs'i_gnéd‘&%lg,ne divided
highway cbn carry volumes of rural trunkline traffic as ﬂigh 2§ 14,000 ve-
hiciés ﬁér average. day é{ reasonable speeds,ahd-with freédﬁm:of mo?emsnt

under controlled access basis.

Accidenté in Relstion to Hipghway Types '

& recently completed- study of more than 22,000 acqideﬁtéiou the rural -




trunklines in this state gives considerable information concerning tha relwi‘
ative desmrabllmty of these various highway typaﬁo The aceiaents oecurred

in the years 1936 hc 1941 1nc1ualve, a perlod of normal trafficq They cover

more than 5,000 miles of rural highw&ys, or pract1ca11y a1l cf the paved rural

trunkline mlleageol In many 1mporﬁant partmculars the results par&llel those f

- obtained in prmor studies based oh less comprehensive data.

""laacurrendé,af]cnly'twd kinds of accldent-~the non-collision and the fixed éb~

: ”_deadly klﬁd of accxdento, The rate for the 4w1ana undivided is 460 p&r ‘cent

This study found that the rates of accidenﬁ OCCUrYence per miilion vaw
_hxcle mlles on tha four types of roadway%'wewe-
1.7 on the 2-lane,
200 on the 3=lans,
nearly 2.5 on the 4=lane undivided, and
105 on the 4-lane divided.
. Thé Z2=lane roads® rgenrd ,‘f’or the nors serious fatal and injury alac}identfsl C

s well below that of all other types exoept the divided 4-lame highwsy. The

; jeﬂﬁ‘accidentswvis above the average on these ronds. These are mostly "0ff

| the road" accldents, and the high rates are probdbly due to the faet that on’
2mlana hlghways all vahmcles traval next to ﬁhﬁ pavement edpe,

o The 4=lane undlvided highway is 1ndicated ag th@ mogt hazardous type of , 

{.-roadway, with the 5mlane hlghway close behind. Tha 4mlane divzdsd has by far |
- the . lawest rate of accldent occurrence of any type investigated in this studya‘

-”iTha rate for 4-lans undivmded is nearly 90 per dent hlgher than %he rate for
;the 4m1ana diVldﬁdo The rate fbr the 3=lane is 54 per cent higharo: .

The_divmdad type has ajpartaculariy marked advantage over these other

two road‘types in the 6ecurrence of head-on aollisiohs,:whicﬁ are the most

' thzgher then for the 4-lane divided end that for the 3m1ana i& 390 par &ent
highero | : '
' Thesa flndings regardlng the relative accident praducmnp aharaotaris«

-~ tics of divided and unlelded multi-lene hlghwmys are borne out by the

10



reporfed'eiperienee in other states. Typical are the before and after rec-
ords of accident cccurrence on & New Jersey trunkline which was convertgd
 from a 4-lane undivided to & 4=1aﬁe divid@& highwey. Thess show that the
chAngé in roadwey type résulted in a 40 per cent reduction in total aceci-
dents and an 83 per cent raduction in fatal accidents.

From the point of V16W'Of traffic baf@ty as well as of efficient trafw
fic operation, the divided 4w1ans is the most dGSLrable type of highway to |

sefve traffic volumes beyond the capacity of a Eflana roadﬁ

Oﬁhef Saf&ﬁv Features

Thﬁ details of highway desipgning are ccns%aﬂtly being davaloped and raw-
fined to bettaf serve and prote&t traffic. WMeny of thsse detalls cannot be
descrmbed in a ghort paper, bubt some of them require at lemst brief mﬂntlonn
Among these at@ Jane width and pavement marking,

Experience with and study of traffiec and véhici@ Beh&vior hes led to e
progressive widening of the traffic lenes. The early 8 and 9-foot lenes are
now practically things of the past and 10 feet has been the minimum‘dimenm:
sion for a number of years. Bub with incressing vclum@aplgraater SPeeds,
and artendency toward preater width of‘vehicles,lth@'naad for expﬁn&iﬁg the -
'-1&ng continues to be felt.

Jugtification for ll-foot and even for 12wfootrlaneg is fourd in obser=
vﬁ%igns of actual wehicle placement and agcidant resords. On Z-lane peave-
 ‘msnt8 with 10=foot lanes, more than 20 per cent of commercial vehicles and
10 per aémt of passenger cars normally trevel with their bodies‘éxtending
to the left of the centeriine. Rven when passing vehicles, ne&rly 4 per cent.
éfrtrqcks and 3 per cent of cars continue to trespess into ﬁh@ oppbsing'lanan
' The nunber of intruding vehicles is found %o be ?educéd by about 30 per.csntr
on roads with llﬁfooﬁ lanes snd by aboﬁt 50 pér éaﬂt on Imeoét lanes.

The better ssparation of opposing tr&ffic'permiftad by more ample traffic




~ lanes is refleéted in accident experience. 'The rate of accidents pér_million
};‘ﬁehicle'ﬁiles_has been found t§ be redﬁced progréssively from 5.2 accidents for :
n;_highwaysiless than 18 feet wide, to 3.4 accidents for highways with & width of _
- 23 féet'and'dﬁero | | B
Encroaqhment into the bpposing_lane can be cﬁ@trolled to a great exfent '.'
'by marking the center line of the 2=lane éavemento‘-& system of pa#emenf'markﬂ
ings to sccomplish this purpose and to prohibit égésing and overtaking maneu=.
:vers in sections where sight distance is restricted has been wnrksd'oﬁt and
. has‘gttained 1 promiéﬁng dégree of standardizafion among the statéso Such

‘f.marking in combination with signs is an effective séfety prectice.

?reservation of Séfety Charactéristics
f_With these principles’and methods, highway engineers can desipn and oper- i
Jaté highgéys.that'sﬁould be safe, ebnﬁenient.and economical for highwéy trang-
poftationa Hoﬁev&f; the continued enjoyment of ﬁhesé values cannof be assured
'unlégs théy are pr;tected by obtaining ripht of way on a controlled aecesé basis,
Thié is é frobiem.of very real sighificanceo The safety characteristics,
of 6ur trunkline highways afe beiné depleted by the rapidly expanding develop=
ments along‘the roads. This isuparticulérly appérent in the-vicinify of the il
‘Vcitﬁeé‘énd in intensive resort arsas in Northérﬁ Mﬁqhigann' ‘

These roadside dévelopments crséte an increasing.number of intérsections;
wide éntrancé d;iﬁewa&;s.parking‘stripsP maiimboxes; and other features that
_interfere'witﬁ the. free flow of traffi&g Signs.&nd_lightiﬁg devices distract'
.drivers"Attention'and mﬁltiply'tha‘hazardso ' | | | |
Theré are those who believe'that this roédside exploitat?on is depleting
' thé ab;lity'of our trunkline highwa&s to serve traffic safely and‘convéniently,
;fastef than we afé able to buildrnew_rdadéo The highway engine§r‘h§s designed |
and is buildiﬁg.arteriéé with‘véry high safety aﬁd effidianéy'standardso "In
the_iﬁééreét of éhe motoriét.who'pays for these roads, we must findland use
pfacticgl'remédies that will présérve their safety androperétional_ehafacter"

‘istics for his protection and enjoyment. = = : . S 12






